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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]. 
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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 ≥75, ≥50 & <75, ≥25 & <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. 𝑆ூ = ୯୸,  𝑆஼ = ∑ ூ೔೙೔సభ୬ , 𝑆் = ∑ ஼ೕ೘ೕసభ୫ , 

Where 𝑆ூ  is the index matching score; 𝑆஼  is the criterion matching score; 𝑆்  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. 
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Figure 1. Evaluation Process. 

 

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. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 November 2023                   doi:10.20944/preprints202311.0086.v1

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


 9 

 

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 J. 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. In terms of collaborative governance, there is a need to establish a synergy mechanism to ensure 

that stakeholders can participate in the whole project process. 

3. In terms 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. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 November 2023                   doi:10.20944/preprints202311.0086.v1

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


 11 

 

Author Contributions: Wei Li, Tian Ye and Rui Sun co-wrote the paper. Wei Li did the analysis and wrote the 

paper. Wei Li and Tian Ye and Rui Sun jointly participated in the evaluation process of the implementation plan. 

Wei Li and Rui Sun revised the paper and checked grammar and sentence patterns. Mr. Tian reviewed the 

manuscript and put forward a lot of practical suggestions in the research process. All authors have read and 

agreed to the published version of the manuscript. 

Funding: This work was supported in part by the National Key Research and Development Program of China 

under Grants 2022YFF1303202. 

Data Availability Statement: The IUCN Global Standard for Nature-Based Solutions can be accessed through 

the IUCN Library System:https://portals.iucn.org/library/search/node. 

Conflicts of Interest: The authors declare that they have no competing interest. 

References 

1. Sobrevila, C.; Hickey, V.; Mackinnon, K. In Biodiversity, climate change, and adaptation : nature-based solutions 

from the World Bank portfolio, 2008. 

2. Cohen-Shacham, E.; Janzen, C.; Maginnis, S.; Walters, G. In Nature-based solutions to address global societal 

challenges, 2016. 

3. Frantzeskaki, N. Seven lessons for planning nature-based solutions in cities. Environ. Sci. Policy 2019, 93, 

101-111. 

4. Xie, L. J.; Bulkeley, H. Nature-based solutions for urban biodiversity governance. Environ. Sci. Policy 2020, 

110, 77-87. 

5. Maes, J.; Jacobs, S. Nature-Based Solutions for Europe's Sustainable Development. Conserv. Lett. 2017, 10 

(1), 121-124. 

6. Lee, S.; Hall, G.; Trench, C. The role of Nature-based Solutions in disaster resilience in coastal Jamaica: 

current and potential applications for 'building back better'. Disasters 2022, 46, S78-S100. 

7. Acreman, M.; Smith, A.; Charters, L.; Tickner, D.; Opperman, J.; Acreman, S.; Edwards, F.; Sayers, P.; 

Chivava, F. Evidence for the effectiveness of nature-based solutions to water issues in Africa. Environ. Res. 

Lett. 2021, 16, (6), 18. 

8. Cousins, J. J. Justice in nature-based solutions: Research and pathways. Ecol. Econ. 2021, 180, 11. 

9. White, C.; Collier, M. J.; Stout, J. C., Using ecosystem services to measure the degree to which a solution is 

nature-based. Ecosyst. Serv. 2021, 50, 11. 

10. Anderson, V.; Gough, W. A. A Typology of Nature-Based Solutions for Sustainable Development: An 

Analysis of Form, Function, Nomenclature, and Associated Applications. Land 2022, 11 (7), 1072-1072. 

11. Mabon, L.; Barkved, L.; de Bruin, K.; Shih, W. Y. Whose knowledge counts in nature-based solutions? 

Understanding epistemic justice for nature-based solutions through a multi-city comparison across Europe 

and Asia. Environ. Sci. Policy 2022, 136, 652-664. 

12. IUCN The IUCN Global Standard for Nature-based Solutions lists the Criteria and Indicators. 

https://portals.iucn.org/library/library/sites/library/files/documents/2020-021-Zh  

13. IUCN IUCN Global Standard for Nature-based Solutions : a user-friendly framework for the verification, 

design and scaling up of NbS. https://portals.iucn.org/library/sites/library/files/documents/  

14. Palmer, M.; Ruhi, A. Linkages between flow regime, biota, and ecosystem processes: Implications for river 

restoration. Science 2019, 365 (6459), 1264-+. 

15. Chen, N.-w.; Wang, L.-j.; Lu, T. Watershed Scale Ecosystem Services: Progress and Prospective. Journal of 

Ecology and Rural Environment 2012, 28, (2), 113-119. 

16. Floedl, P.; Hauer, C. Nature-based solutions in hydraulic engineering-The importance of natural processes 

for achieving ecological and socioeconomic objectives. Oesterreichische Wasser- und Abfallwirtschaft 2023, 75, 

(1-2). 

17. Calfe, M. L.; Scott, D. T.; Hester, E. T. Nitrate removal by watershed-scale hyporheic stream restoration: 

Modeling approach to estimate effects and patterns at the stream network scale. Ecol. Eng. 2022, 175, 17. 

18. Flanagan, N. E.; Richardson, C. J. A multi-scale approach to prioritize wetland restoration for watershed-

level water quality improvement. Wetl. Ecol. Manag. 2010, 18 (6), 695-706. 

19. Nielsen-Pincus, M.; Moseley, C. The Economic and Employment Impacts of Forest and Watershed 

Restoration. Restor. Ecol. 2013, 21 (2), 207-214. 

20. Rios-Touma, B.; Prescott, C.; Axtell, S.; Kondolf, G. M. Habitat Restoration in the Context of Watershed 

Prioritization: The Ecological Performance of Urban Stream Restoration Projects in Portland, Oregon. River 

Res. Appl. 2015, 31 (6), 755-766. 

21. White, D.; Fennessy, S. Modeling the suitability of wetland restoration potential at the watershed scale. 

Ecol. Eng. 2005, 24 (4), 359-377. 

22. Palmer, M. A. Reforming Watershed Restoration: Science in Need of Application and Applications in Need 

of Science. Estuaries Coasts 2009, 32 (1), 1-17. 

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

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


 12 

 

23. Geng, S.; Shi, Y. Coupling Relationships of Terrain Factors With Landscape Pattern and Ecological 

Restoration Measures in Small Watershed in Loess Hilly-Gully Region. Journal of Ecology and Rural 

Environment 2015, 31 (2), 197-203. 

24. Lamy, F.; Bolte, J.; Santelmann, M.; Smith, C. Development and evaluation of multiple-objectieve decision-

making methods for watershed management planning. J. Am. Water Resour. Assoc. 2002, 38 (2), 517-529. 

25. Sudduth, E. B.; Meyer, J. L.; Bernhardt, E. S. Stream restoration practices in the southeastern United States. 

Restor. Ecol. 2007, 15 (3), 573-583. 

26. Mandarano, L.; Paulsen, K. Governance capacity in collaborative watershed partnerships: evidence from 

the Philadelphia region. J. Environ. Plan. Manag. 2011, 54, (10), 1293-1313. 

27. Goldman, M. A.; Needelman, B. A. Wetland Restoration and Creation for Nitrogen Removal: Challenges 

to Developing a Watershed-Scale Approach in the Chesapeake Bay Coastal Plain. In Advances in Agronomy, 

Vol 132, Sparks, D. L., Ed. Elsevier Academic Press Inc: San Diego, 2015; 132, pp 1-38. 

28. Zhang, C. Q.; Li, Y. Verification of watershed vegetation restoration policies, arid China. Sci Rep 2016, 6, 5. 

29. Christian-Smith, J.; Merenlender, A. M. The Disconnect Between Restoration Goals and Practices: A Case 

Study of Watershed Restoration in the Russian Watershed, California. Restor. Ecol. 2010, 18 (1), 95-102. 

30. Zou, C.-x.; Wang, Y.; Wang, W.-l.; Xu, D.-l.; Lin, N.-f.; Li, W.-j. Theory of Mountain-River-Forest-Farmland-

Lake-Grass System and Ecological Protection and Restoration Research. Journal of Ecology and Rural 

Environment 2018, 34 (11), 961-967. 

31. Chen, J. Y.; Lin, X.; Jia, C. Y.; Li, Y. W.; Wu, Y. Y.; Zheng, H. B.; Liu, Y. Generative dynamic link prediction. 

Chaos 2019, 29 (12), 16. 

32. Luo, M.; Yu, E.; Zhou, Y.; Ying, L.; Wang, J.; Wu, G. Distribution and technical strategies of ecological 

protection and restoration projects for mountains-rivers-forests-farmlands-lakes-grasslands. Acta Ecologica 

Sinica 2019, 39 (23), 8692-8701. 

33. Wu, G.; Zhao, M.; Wang, C. Research on the theoretical support system of ecological protection and 

restoration of full-array ecosystems. Acta Ecologica Sinica 2019, 39 (23), 8685-8691. 

34. Qi, J. J.; Dauvergne, P. China and the global politics of nature-based solutions. Environ. Sci. Policy 2022, 137, 

1-11. 

35. Luo, M.; Zhang, Y.; Zhang, H. Application of Nature-based solution in the Guide to Ecological Protection 

and Restoration Engineering of Landscape, Forest, Field, Lake and Grass. China Land 2020, 417 (10), 14-17. 

36. Xu, H.; Wang, S. Study of an integrated Watershed management model and its implications for river and 

lake management in China. Water Resources Protection 2016, 32 (6), 51-56. 

37. Ying, L.; Wang, J.; Zhou, Y. Ecological-environmental problems and solutions in the Minjiang Watershed, 

Fujian Province,China. Acta Ecologica Sinica 2019, 39 (23), 8857-8866. 

38. Wu, C.; Ju, M. International experience of river ecological restoration and its enlightenment to the Yangtze 

River Protection. Water Resources Protection 2021, 37 (3), 136-144. 

39. Rahman, T. Measuring the well-being across countries. Appl. Econ. Lett. 2007, 14 (11), 779-783. 

40. Bryant, F. B.; Veroff, J. The structure of psychological well-being: a sociohistorical analysis. Journal of 

personality and social psychology 1982, 434, 653-73. 

41. Wu, J. G. Landscape sustainability science: ecosystem services and human well-being in changing 

landscapes. Landsc. Ecol. 2013, 28 (6), 999-1023. 

42. Short, C.; Clarke, L.; Carnelli, F.; Uttley, C.; Smith, B. Capturing the multiple benefits associated with 

nature-based solutions: Lessons from a natural flood management project in the Cotswolds, UK. Land 

Degrad. Dev. 2019, 30 (3), 241-252. 

43. Malekpour, S.; Tawfik, S.; Chesterfield, C. Designing collaborative governance for nature-based solutions. 

Urban For. Urban Green. 2021, 62, 13. 

44. Dai, L.; Han, Q.; de Vries, B.; Wang, Y. Applying Bayesian Belief Network to explore key determinants for 

nature-based solutions' acceptance of local stakeholders. J. Clean Prod. 2021, 310, 13. 

45. van der Jagt, A. P. N.; Buijs, A.; Dobbs, C.; van Lierop, M.; Pauleit, S.; Randrup, T. B.; Wild, T. An action 

framework for the participatory assessment of nature-based solutions in cities. Ambio 2023, 52 (1), 54-67. 

46. Li, M. D.; Fan, J. T.; Zhang, Y.; Guo, F.; Liu, L. S.; Xia, R.; Xu, Z. X.; Wu, F. C. A systematic approach for 

watershed ecological restoration strategy making: An application in the Taizi Watershed in northern China. 

Sci. Total Environ. 2018, 637, 1321-1332. 

47. Bush, J.; Doyon, A. Building urban resilience with nature-based solutions: How can urban planning 

contribute? Cities 2019, 95, 2483-2483. 

48. Yang, Z.-p.; Gao, J.-x.; Zhou, K.-x.; Zheng, H.; Wang, Y.; Li, H.-m. Evaluation of ecological restoration: 

Research progress. Shengtaixue Zazhi 2013, 32 (9), 2494-2501. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

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

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

