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Abstract: Nature-based solutions (NbS) rapidly develop globally to address societal challenges and
provide human well-being and biodiversity. Watershed restoration plays an essential role in
enhancing the ecological and socio-economic benefits of the region. The design and implementation
of watershed restoration projects play a crucial role in their effectiveness, and NbS has been applied
as a concept in ecosystem-related projects. This paper provides an idea to evaluate the design or
implementation of watershed restoration projects based on the eight criteria proposed by the [IUCN
Global Standard for Nature-Based Solutions and to adjust the projects based on the evaluation
results. The aim is to standardize the implementation process of watershed restoration projects to
achieve more significant benefits and practically apply the concept of NbS in watershed restoration.
implementation scheme of the Shan-Shui Initiative in the Jiulong River Watershed and concludes
that the method is feasible in evaluating and improving the design and implementation scheme of
ecological restoration projects in the actual basin. According to the assessment results, the degree of
matching based on NbS for the implementation scheme of the Jiulong River Watershed Shan-Shui
Initiative is 73%, which meets the criteria of NbS but needs to be improved in terms of monitoring
and assessment, synergistic management, and benefit trade-offs.

Keywords: watershed ecological restoration; nature-based solutions; Shan-Shui Initiative; scenario
evaluation; adjustment of measures

1. Introduction

The term nature-based solutions were first coined by the World Bank in 2008 and were first used
to address global climate change[1]. Defined by the World Conservation Union (IUCN) in 2016 as
actions that conserve, sustainably use, and restore natural or altered ecosystems to effectively and
adaptively address the challenges facing society today while providing human well-being and
biodiversity[2]. The NbS concept is widely used in Europe in urban planning, urban infrastructure
development, and other areas to address societal challenges such as climate change, population
growth, natural disasters, and urban biodiversity loss[3-5]. The concept of NbS has also been applied
in ecological restoration. In Jamaica, coastal disaster risks are addressed through ecological
conservation restoration projects such as protected area management, mangrove restoration, and
coral restoration[6], and M Acreman et al. argue that the social challenges of water issues in Africa,
including flood disasters and water security, can be effectively addressed through ecosystem
conservation and restoration[7]. These ecological restoration projects are considered NbS measures.
Although NbS is now widely used in ecological restoration and other fields, in many cases, NbS is
used as a concept, and no specific measures are designed based on the framework of NbS. This
situation will not be able to distinguish the difference between ecological restoration under the NbS
concept and other ecological restoration and will reduce the role of NbS in the field of ecological
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restoration[8-11]. In order to provide a clear understanding of the concept of NbS and make it work
in practice, in 2020, the IUCN published the IUCN Global Standard for Nature-Based Solutions
(hereafter referred to as the Global Standard) and the IUCN Global Standard for Nature-Based
Solutions User Guide (hereafter referred to as the User Guide). The Global Standard establishes eight
guidelines to help design and standardize specific NbS measures. The User Guide proposes a traffic
light system for assessing specific measures (strong, sufficient, weak, insufficient). Items that score
"insufficient” on the criteria or "inadequate" overall do not meet the NbS criteria. This tool can
standardize the design and implementation of specific NbS measures[12,13].

Early civilizations developed around seasonal river floodplains, and the natural attributes of
rivers remain vital to humans today[14]. However, in recent decades, inland Watersheds on a global
scale have generally experienced vegetation degradation, soil erosion, water pollution, reduced
biodiversity, and water scarcity, which have caused changes in watershed ecosystem services and an
increasingly apparent conflict between ecological conservation and economic development[15,16].
Ecosystem restoration and management at the watershed scale is a profitable way to solve ecological
and socio-economic problems in the watershed[17-21]. Compared to single ecosystem restoration,
watershed-scale ecosystem restoration needs to consider the correlation between different
ecosystems within a watershed and the interaction between socioeconomic and ecosystem
impacts[22,23]. This places high demands on the design of restoration or management programs,
which must be designed according to the restoration goals regarding technical methods, management
tools, funding, and policy support[24]. This process requires the participation of policymakers,
managers, recovery practitioners, and stakeholders[25-28]. Whether the design and implementation
plan of the ecological restoration of the watershed is reasonable will directly affect the effect produced
by the restoration[29].

Watershed ecological restoration projects often need to be planned and designed at larger scales,
which fits with the need for NbS measures to be planned at the scale of the landscape. Meanwhile,
the global standard proposes eight guidelines to guide and regulate the design and implementation
of ecosystem-related measures. This paper provides an idea for applying NbS in the actual watershed
ecological restoration. The design or implementation plan of watershed ecological restoration
projects is evaluated according to the eight guidelines proposed by the Global Standard. The
implementation plan is supplemented or adjusted according to the evaluation results, thus regulating
the implementation process of watershed ecological restoration. The aim is to enhance the role of the
project in addressing social challenges, strengthening ecosystem integrity and biodiversity,
enhancing the overall stability of the project, and bringing more significant benefits.

2. Introduction to the concept of Shan-Shui Initiative

Landscape, Forest, Field, Lake, and Grass Ecological Protection and Restoration Project (from
now on referred to as Shan-Shui Initiative) is an ecological protection and restoration project carried
out by China by the concept of "Landscape, Forest, Field, Lake, and Grass is a community of life."
This project has changed from the ecological project of protecting and restoring a single element in
the past (e.g., the Three Northern Protection Forests Project, the Returning Farmland to Forest Project)
to a large-scale ecological restoration project with multiple elements, mainly at the regional or
watershed scale[30-33]. China is also a leading advocate of nature-based solutions (NbS) to improve
global environmental management[34]. The Ministry of Natural Resources of China, together with
the Ministry of Finance and the Ministry of Ecology and Environment, jointly issued the "Guidelines
for Ecological Protection and Restoration Projects in Mountain, Water, Forest, Field, Lake, and Grass,"
which cites the concept of NbS in the terminology and definitions section[35]. Although these projects
have achieved specific results, environmental protection and restoration of mountains, water, forests,
fields, lakes, and grasses are being explored and perfected. Many problems have been exposed, such
as insufficient synergy mechanism of engineering projects, lack of integrity between projects,
imperfection of related systems, and insufficient public participation. Irregular engineering design
is one of the reasons for these problems [36-38].


https://doi.org/10.20944/preprints202311.0086.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2023 doi:10.20944/preprints202311.0086.v1

3. Research Method

The study methodology uses the NbS self-assessment tool developed in the User Guide. The tool
allows scoring the degree of f conformity of the eight criterion according to the scheme of the specific
measures. The degree of criterion matching score needs to be calculated based on the f-conformity
score of the criterion's corresponding indicator. Ultimately, the criterion score can be used to calculate
the overall degree of NbS compliance of the program. Scores for the degree of conformity were given
in the form of percentages for scores of 275, 250 & <75, 225 & <50, and <25 for Strong, Adequate,
Partial, and Insufficient, respectively. If one criterion was assessed as Insufficient or the result of the
overall degree of match for NbS was Insufficient, then the intervention program did not meet the
concept of NbS. In terms of adjustments and enhancements to the implementation program based on
the assessment results, the score for the overall degree of match for NbS is used as the basis for
whether the implementation program meets the NbS concept. The degree of match for each criterion
is used as a basis for whether the implementation needs to be supplemented or adjusted about the
content of that criterion. The degree of match of an indicator can provide the specific elements of the
guideline that need to be adjusted. (Figure 1) In evaluating specific watershed ecological restoration
projects through this method, our team found that the tool needed to be more challenging to use to
score the degree of matching of indicators quantitatively. The User Guide only give quantitative
scoring criteria for specific indicators, resulting in highly subjective final results with a sufficient basis
to confirm the credibility of the scores. This study's criteria for scoring the degree of indicator
matching in the NbS self-assessment tool were quantitatively defined. This is done by refining the
indicators into relevant questions according to the relevant descriptions of each indicator in the
guidelines and finally determining the degree of indicator matching by the percentage of the number
of questions that the watershed ecological restoration project meets the indicators. (Figure 2) To
verify the feasibility of the method, the team evaluated the implementation plan of the Jiulong River
Watershed Shan-Shui Initiative through this method. To ensure that the results are credible, the
participants involved in scoring included those who developed the program as well as researchers in
related fields. The specific calculation method is as follows.

q

SI_;/
S ZZ?=111'
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Where S; is the index matching score; S¢ is the criterion matching score; S; is the overall NbS
matching score; I; is the i-th index score; C; is the j-th criterion score; q is the number of individual
index matching questions; z is the total number of individual index questions; n is the number of
indexes and m is the number of criteria.


https://doi.org/10.20944/preprints202311.0086.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2023 doi:10.20944/preprints202311.0086.v1

Design or implementation scheme
of watershed ecological restoration

|

r— — — — — — — 1

| Answer the indicator question |

I l I

Index matching degree
NBS overall compliance score | l

Adjustment measures
Criterion matching degree

Overall matching degree of NbS |

S S S S S S S R |
(o N
| FEOURCEYEN >25 & <50 |
| Adequate Partial |
| Intervention adheres to NbS Intervention does not adhere to NbS
N )

Figure 1. Evaluation Process.

C-1.1:The most pressing societal challenge(s) for rights-holders and beneficiaries are prioritised Matching legree

Index question:

(1) Whether interventions are aimed at addressing more than two social challenges defined by
NBS, including climate change mitigation and adaptation, disaster prevention and mitigation,

Y
economic and social development, human health, food security, water security, ecological
degradation and loss of biodiversity
(2) Whether the social challenges of power holders and beneficiaries in the region have been v
identified
(3) Whether to weigh and compare the impact of social challenges on society, and give priority N

to dealing with the most urgent social challenges

question feedback:

(1) Part of Identification and diagnosis of the problem--The identified problems correspond to four types of social challenges: disaster prevention
and mitigation, economic and social development, water security, disaster prevention and mitigation, eco-environmental degradation and loss of
biodiversity

(2) Part of Identification and diagnosis of the problem—-The social challenges identified include those that power holders and beneficiaries need to
address, such as water security, disaster prevention and mitigation.

(3) The feasibility analysis of the importance of the implementation plan---There is no analysis and tradeoff between the identified social challenges

and the urgency of ecosystem problems

Figure 2. The method of quantifying indicators is exemplified by indicator c1.1.

4. Case overview and sources

The Jiulong River Watershed is located in the southeastern coastal area of Fujian Province,
China, with coordinates from 116°47’ to 118°02’ and latitude from 24°13' to 25°51' N. The basin covers
an area of 14837 square kilometers, accounting for about 12% of the land area of Fujian Province. The
basin involves five cities and 19 counties. The Jiulong River Watershed Shan-Shui Initiative was
successfully declared in 2021, with a total project investment of 7.861 billion yuan (including 2 billion
yuan of central financial award funds) and an implementation period of 2021 - 2023, which is
currently in the process of implementation. The main purpose of the project is to solve the problems
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of water environment destruction, mine ecosystem degradation, soil erosion, and farmland

ecosystem degradation in some small watersheds in the watershed through ecological restoration.
This article's case-related information is mainly for the "Fujian Jiulong River Watershed

Mountain, Water, Forest, Lake, Grass, and Sand Integration Protection and Restoration Project

Implementation Plan" issued by the Department of Ecology and Environment of Fujian Province,

China. The program consists of the following five main components:

1.  The section on the basic situation of the basin includes the investigation of the ecological and
socio-economic status of the region, the identification and diagnosis of regional ecological
problems, and the analysis of the importance and feasibility of the project.

2. In The project implementation part, the main contents include the overall objectives and
effectiveness assessment indicators of the project implementation and subproject objectives and
performance indicators, the layout and implementation period of the project, the
implementation content, and the technical route.

3. project estimates and funding channels section.

4. organization and implementation and supervision and management part, mainly including the
security measures of the project and management methods.

5. The benefit analysis section, which analyzes the expected benefits generated by the three
ecological-social-economic aspects of the project.

5. Evaluation Results and Analysis

The following results were obtained from evaluating the implementation plan of the Jiulong
River Watershed Shan-Shui Initiative through the methodology proposed in this paper. The scheme
has an overall match score of 73% for NbS, and no criterion assessment results in a match, indicating
that the project is mainly compatible with the NbS concept. The scheme has an overall match score
of 73% for NbS, and no criterion assessment results in Insufficient, indicating that the project is mainly
compatible with the NbS concept. In terms of criteria, three criteria were assessed as Strong,
respectively criterion 3, criterion 4, and criterion 8; four criteria were assessed as Adequate
respectively, criterion 1, criterion 2, criterion 6, and criterion 7, and only criterion 5 was assessed as
Partial. As for the indicators, 16 out of 28 were assessed as Strong; 4 as Adequate; 5 as Partial; and
three as Insufficient. (Figure 3). The results show that the Shan-Shui Initiative is an NbS measure that,
if successfully implemented, can positively address social challenges, enhance ecosystem integrity
and biodiversity, and achieve sustainability in the basin. However, at the same time, the program still
has room for improvement in some criteria. The following is a specific analysis of the evaluation
results(Figure 4).
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Figure 3. Assessment results of the Jiu Long Jiang Shan Shui project based on NbS indicators and the
degree of guideline matching.

Criterion 1 requires interventions to identify and address societal challenges. NbS defines seven
societal challenges that need to be addressed by interventions, namely climate change mitigation and
adaptation, disaster risk reduction, ecological degradation and biodiversity loss, human health,
socioeconomic development, food security, and water security. The guideline match score was 67%,
and the three indicators associated with it were assessed as Adequate, Strong, and Partial. Indicator
c1.3, which requires interventions to establish human well-being-related targets and to evaluate them
regularly, could have been better matched. The results indicate that the implementation program
needs to be improved in the establishment and assessment of human well-being-related goals, mainly
because there are no human well-being-related performance indicators in the main goal section of
the implementation program.

Criterion 2 requires interventions to be designed at the scale of the landscape, and the score for
this criterion's degree of match is 69%. Three indicators related to this criterion are Strong, Strong,
and Insufficient. Indicator c2.3 reduces the matching level of this criterion, mainly because of the need
for a monitoring and assessment program and risk management measures for the area around the
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project implementation in the implementation section. Although an environmental monitoring and
management system has been established for the Jiulong River Watershed Shan-Shui Initiative, the
system mainly monitors and manages the environment within the project implementation area and
lacks environmental assessment of the site's surrounding area. Based on the NbS concept, the impact
generated by ecosystem change often radiates to the surrounding area, so if the impact of ecological
restoration on the surrounding area needs to be taken into account, it may increase unexpected risks.

Criterion 3, which requires interventions to bring about net biodiversity growth and ecosystem
integrity, scored 94% compliance, the highest of the eight criteria. The results for the four
corresponding indicators were Strong, indicating that the Shan-Shui Initiative implementation
program was designed to comply highly with the NbS criteria for bringing about net biodiversity
growth and ecosystem integrity. The main reason is that the program has established programs and
measures for surveying the status of ecosystems in the watershed, setting biodiversity targets, long-
term monitoring and assessment of ecosystems, and increasing ecosystem connectivity.

Guideline 4 requires interventions to be economically feasible, with a matching degree score of
88%, and the four associated indicators are assessed as Strong, Adequate, Strong, and Strong.
Indicating that the implementation program is highly designed to meet the NbS criteria in terms of
funding; while indicator c4.2 still has room for improvement, the indicator requires measures to be a
cost-effective approach while considering the impact of relevant regulations and subsidies on the cost
of the measure. Although the implementation plan adopts a cost-effectiveness approach and budgets
the project investment while estimating the ecological, social, and economic benefits, it needs to
include measuring long-term costs, such as the cost of post-management and maintenance.

Guideline 5, which requires measures based on inclusive, transparent, and empowering
governance processes, scored a 43% match. Five indicators are associated with it assessed, Partial,
Partial, Partial, Insufficient, and Strong. This guideline has the lowest score among the eight
guidelines, indicating that the design of the implementation plan for the governance process could
be better, mainly reflected in establishing relevant joint mechanisms and establishing dispute
resolution and stakeholder participation. The main reasons for this lack of design are specific reasons.

1. No corresponding complaint, feedback, or dispute mechanism is established in the organization,
implementation, supervision, and management part. Although stakeholders' interests are
protected by law, establishing relevant feedback and complaint mechanisms can significantly
save time and cost so that groups whose interests have been lost can resolve disputes as soon as
possible while preventing the expansion of the losses suffered.

2. The implementation plan needs to reflect the consultation process with stakeholders, especially
residents, prior to the implementation of the project.

3. It only ensures stakeholders' participation in part of the project process. The residents are the
primary beneficiaries of the project. Although the residents' satisfaction survey will be used as
the performance assessment index after the project is completed, there are no measures to
involve the stakeholders in the planning, design, and implementation stages of the project,
which will result in the opinions of the beneficiaries not being adopted in the first place.

Guideline 6, which requires interventions to make fair trade-offs between primary objectives
and multiple other benefits, has a matching score of 67%, against which three indicators are assessed
as Insufficient, Strong, and Strong. Based on the results, implementation programs need to be
adjusted or supplemented based on indicator C6.1, which requires a cost-benefit-based assessment
of different programs based on cost-benefit trade-offs. The main reason for the mismatch in Indicator
C6.1 is that the restoration model selection section of the implementation plan needs to weigh the
benefits of different restoration models. Nbs needs measures to weigh the benefits of different
approaches, including addressing social challenges and enhancing biodiversity, as well as the
additional economic and social benefits that different approaches may bring.

Guideline 7 requires interventions to be evidence-based for adaptive management, with a
compliance score of 63%. The guideline is associated with three indicators: Strong, Strong, and
Insufficient. The mismatch is C7.3. The mismatch is because the implementation program does not
have a relevant iterative learning framework. NbS requires interventions to manage NbS adaptively
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needs interventions for adaptive management to establish an iterative learning framework to learn
and accumulate experience and lessons learned in the process of adaptive management's continuous
adjustment of measures.

Guideline 8, which requires that interventions be sustainable and mainstreamed in the
jurisdiction, was met with a score of 89%. It is important to note that this guideline assesses the Shan-
Shui Initiative rather than specific implementation programs, as it focuses on assessing the impact of
interventions at the national and global levels. The Shan-Shui Initiative is a China-wide ecological
conservation and restoration initiative currently the mainstay of China's ecological restoration
program. It has positive implications for sustainable development and social challenges. At the global
level, the Shan-Shui Initiative has been selected as one of the first ten "World Ecological Restoration
Flagship Projects" by the United Nations, providing experience in solving common ecological and
environmental problems worldwide.

Overall match of NbS Adequate73%

Criterion 1: NbS effectively address societal challenges Adequate (67%)
C-1.1 The most pressing societal challenge(s) for rights-holders and beneficiaries are prioritised Adequate (67%)
C-1.2 The societal challenge(s) addressed are clearly understood and documented Strong (100%)
C-1.3 Human well-being outcomes arising from the NbS are identified, benchmarked and periodically assessed Partial (33%)
Criterion 2: Design of NbS is informed by scale Adequate (69%)
C-2.1 The design of the NbS recognises and responds to the interactions between the economy, society and ecosystems Strong (75%)
C-2.2 The design of the NbS is integ 1 with other c I y interventions and seeks synergies across sectors Strong (100%)
C-2.3 The design of the NbS incorporates risk identification and risk management beyond the intervention site Partial (33%)
Criterion 3: NbS result in a net gain to biodiversity and ecosystem integrity Strong (94%)

C-3.1 The NbS actions directly respond to evidence-based assessment of the current state of the ecosystem and prevailing drivers of

St 86%,
degradation and loss rong (86%)

C-3.2 Clear and measurable biodiversity conservation outcomes are identified, benchmarked and periodically assessed Strong (88%)
C-3.3 Monitoring includes periodic assessments of unintended adverse consequences on nature arising from the NbS Strong (100%)
C-3.4 Opportunities to enhance ecosystem integrity and connectivity are identified and incorporated into the NbS strategy Strong (100%)
Criterion 4: NbS are economically viable Strong (88%)
C-4.1 The direct and indirect benefits and costs associated with the NbS, who pays and who benefits, are identified and documented Strong (83%)

fiszi‘;::sl-eﬁemveness study is provided to support the choice of NbS including the likely impact of any relevant regulations and Adequate (67%)
C-4.3 The effectiveness of the NbS design is justified against available alternative solutions,taking into account any associated strong (100%)
externalities

C-4.4 The NbS design considers a portfolio of resourcing options such as market-based, public sector, voluntary commitments and

. . Strong (100%)
actions to support regulatory compliance

Criterion 5: NbS are based on inclusive, transparent and empowering governance processes Partial (43%)

C-5.1 A defined and fully agreed upon feedback and grievance resolution mechanism is available to all stakeholders before an NbS Partial (33%)
intervention is initiated

C-5.2 Participation is based on mutual respect and equality, regardless of gender, age or social status, and upholds the right of Partial (33%)
Indigenous Peoples to Free Prior and Informed Consent (FPIC)

C-5.3 Stakeholders who are directly and indirectly affected by the NbS have been identified and involved in all processes of the NbS

) X Partial (33%)
intervention

C-5.4 Decision-making processes document and respond to the rights and interests of all participating and affected stakeholder Insufficient (17%)

C-5.5 Where the scale of the NbS extends beyond jurisdictional boundaries, mechanisms are established to enable joint decision

making of the stakeholders in the affected jurisdictions Strong (100%)

Criterion 6: NbS equitably balance trade-offs between achievement oftheir primary goal(s) and the continued provision of

Ad te (67%,
multiple benefits lequate ( )

C-6.1 The potential costs and benefits of associated trade offs of the NbS intervention are explicitly acknowledged and inform

. . . Insufficient (0%)
safeguards and any appropriate corrective actions

lodaed

C-6.2 The rights, usage of and access to land and resources, along with the responsibilities of di keholders, are ackr
and respected

Strong (100%)

C-6.3 The established safeguards are periodically reviewed to ensure that mutually-agreed trade-off limits are respected and do not

destabilise the entire NbS Strong (100%)

Criterion 7: NbS are managed adaptively, based on evidenc Adequate (63%)
C-7.1 An NDbS strategy is established and used as a basis for regular monitoring and evaluation of the intervention Strong (100%)
C-7.2 A monitoring and evaluation plan is developed and impl d throughout the intervention lifecycle Strong (88%)
C-7.3 A framework for iterative learning that enables adaptive management is applied throughout the intervention lifecycle Insufficient (0%)
Criterion 8: NbS are sustainable and mainstreamed within an appropriate jurisdictional context Strong (89%)
C-8.1 The NbS design, implementation and lessons learnt are shared to trigger transformative change Strong (100%)
C-8.2 The NbS informs and enhances facilitating policy and regulation frameworks to support its uptake and mainstreaming Adequate (67%)

C-8.3 Where relevant, the NbS contributes to national and global targets for human well-being, climate change, biodiversity and

St 100%;
human rights, including the United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) rong ( )
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Figure 4. The Jiulong River Watershed Shan-Shui Initiative's score on the NbS overall indicators and
criterion match.

6. Proposed Adjustments to the Implementation Plan for the Jiulong River Watershed Shan-Shui
Initiative

Through the results and analysis of the guideline-based assessment of the implementation plan
of the Jiulong River Watershed Shan-Shui Initiative, the plan can be optimized in the following three
main aspects.

In terms of monitoring and assessment, human well-being-related indicators should first be
developed. Common frameworks for assessing human well-being include the Physical Quality of
Life Index (PQoL) and the Human Development Index (HDI)[39,40]. The Millennium Ecosystem
Assessment report presents a framework for assessing human well-being, which describes human
well-being in five dimensions: "security, basic material needs, health, good social relations, and
freedom of choice and action[41]. These can be used as quantitative human well-being-related
indicators to be included in monitoring and evaluation programs. Secondly, a monitoring and
assessment program for the risks around the project should be developed. NbS requires the project
to avoid negative impacts on stakeholders and ecosystems outside the site. The monitoring program
should include monitoring essential ecosystems around the implemented works and the risk
assessment of the surrounding area. Finally, there is a need to strengthen the assessment of economic
and social aspects. The only relevant indicators of socio-economic aspects in the Jiulong River
Watershed Shan-Shui Initiative program are eco-industrial development, public awareness of
environmental protection and public satisfaction. It is difficult to measure the socio-economic impact
of the project by a single indicator. The program can be supplemented with socio-economic related
indicators such as employment rate, per capita income, and social capital participation.

Regarding collaborative governance, the implementation plan needs to be improved by
establishing relevant participation mechanisms and safeguards and supporting and encouraging
stakeholders to participate in the project. The implementation plan needs to reflect the measures for
stakeholder participation in the design and implementation of the project. Only a survey on public
satisfaction will be conducted after the project is completed, which is insufficient to incorporate
practical stakeholder suggestions, especially residents' opinions, during the project implementation
process. The study shows more benefits can be obtained by establishing a cooperation mechanism
with stakeholders in watershed ecosystem management[42]. Although the different levels of
management departments involved in the Jiulong River Watershed Shan-Shui Initiative have set up
a working group, which has established a foundation for cross-regional cooperation, the working
group is mainly composed of project managers without the participation of more stakeholders.
Inviting representatives of different stakeholders to participate in the whole process of the project
will help protect the stakeholders' interests and reduce unnecessary contradictions in the
implementation of the project. The key to collaborative governance is to establish collaborative
structures such as working groups or alliances, and different collaborative structures will have
different impacts on measures. An effective synergy model requires consultation mechanisms, and
different stakeholders must play their respective roles to have a more beneficial impact[43].
Government departments are essential in establishing cooperation models and increasing
stakeholder acceptance in this process[44]. When evaluating the effectiveness of the project, the
equity and sustainability of NbS can also be enhanced by establishing a participatory evaluation
framework[45].

Regarding benefit trade-offs, NbS requires interventions to trade off between multiple benefits.
The trade-off between different benefits is missing in the implementation scheme of the Jiulong River
Watershed Shan-Shui Initiative. In the restoration model selection part of the program, the
relationship between the roles of different ecosystem elements in the watershed was analyzed mainly
according to the theory of ecosystems. Restoration models such as ecosystem protection, natural
restoration, assisted regeneration, and ecological reconstruction are adopted in different watershed
areas. The choice of this model is feasible for ecological restoration projects aimed at restoring
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ecosystem functions. However, the NbS trade-off process needs to consider the reasonable
distribution of ecological, social, economic, and other benefits at the exact cost and weigh in the
dimensions of time-space and ecosystem reversibility (time dimension refers to the relative speed of
impact occurrence, spatial dimension refers to the possibility that the effect can be realized locally or
remotely, and when the disturbance event stops, a damaged ecosystem service may return to its
original state). At present, there are many international studies on related benefit trade-offs. Li Meng
di et al. provide a multi-objective trade-off method, incorporating ecological security assessment and
multi-objective optimization (MOO) into the design of the watershed ecological restoration and using
the assessment framework established by the pressure-state-function-response (PSFR) model to
weigh multiple benefits such as ecology, economy, and society[46]. Bush ]. et al. identified five key
trade-offs for NbS in improving urban resilience: time; space; function; social equity, and species[47].

7. Conclusions

This paper evaluates the implementation plan of Jiulong River Watershed Shan-Shui Initiative
through the eight criteria proposed in the global guide and concludes the following. The
implementation plan of the Jiulong River Watershed Shan-Shui Initiative complies with the NbS
global guidelines. If successfully implemented by the implementation plan, the project can positively
address regional social challenges, enhance biodiversity, and bring about sustainable development.
However, there is still room for improvement in the monitoring and evaluation, collaborative
governance, and benefit trade-off of the program, and the following suggestions for supplementation
and improvement are put forward for the program based on the evaluation results.

1. In terms of monitoring and assessment, there is a need to include monitoring and assessment
indicators related to human well-being, as well as monitoring programs and ecological risk
assessment and management of essential ecosystems around the region. Supplement the social
and economic benefits indicators and incorporate them into the monitoring and evaluation
program.

2. Interms of collaborative governance, there is a need to establish a synergy mechanism to ensure
that stakeholders can participate in the whole project process.

3. Interms of benefit trade-off, it is necessary to make a reasonable distribution of ecological, social,
economic, and other benefits based on the results agreed by stakeholders. Relevant models or
frameworks should be established to balance the distribution of different benefits where
appropriate.

This paper hopes that these suggestions can improve the Jiulong River Watershed Shan-Shui
Initiative implementation plan, positively impact the project's implementation and effectiveness, and
provide a reference for other landscape projects and Watershed restoration projects.

Currently, most ecological restoration projects only evaluate the effectiveness of the project.
However, often problems are found after the project is completed, which requires a higher cost to
solve, and even misses the opportunity to improve the ecosystem[48]. This study provides an idea
for standardizing watershed ecological restoration engineering design and implementation. At the
same time, the application of NbS in watershed ecological restoration is not only at the conceptual
level. Through this method, it can be judged whether the ecological restoration measures of the
watershed are in line with NbS, and specific additional or adjustment suggestions can be given to the
scheme according to the assessment results. This process can enhance the overall stability of the
project and help the measures bring multiple benefits. Empirical research shows that this method has
particular value in the practical application of watershed ecological restoration, but there are still
certain limitations. First, in terms of index scoring standards, although this study proposes an idea to
calculate the index matching degree score by refining the criteria, the method is still subjective and
affected by the scorer's understanding of the implementation plan. Secondly, whether the ecological
engineering of specific Watershed can achieve the goals set in the plan is still being determined by
other factors, such as the uncertainty of the ecosystem and whether the implementation can meet the
plan's standards.
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