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Abstract 

Wetlands are essential for maintaining the regional water balance, regulating the regional climate and 

preserving biodiversity. In China, natural wetlands have declined due to urban sprawl. In recent years though, 

new wetland parks (WPs) have been designed and constructed to compensate for the loss of natural wetlands 

and to help reduce the risk of urban flooding. WPs have also been created to improve urban resilience and 

enhance well-being. However, the benefits people get from these WPs are not well understood. 

This thesis examines the Chinese publicôs perceptions of the ecosystem services (ESs) provided by wetland 

parks and compares them with the ESs measured using technical knowledge. The study location is 

Guangzhou, a megacity located in the Pearl River Delta. Guangzhou has been a pioneer in creating wetland 

parks in China. All citizens benefit from WPs through their capacity to reduce flood risk to nearby 

communities, but additional benefits may accrue to those who visit the parks. Visitors were the participants 

in this study and their views on ESs were noted. Based on a literature review, content analysis of social 

media data and an online survey, it is found that the most valued ecosystem services include wildlife habitat, 

aesthetics and recreation. The perception of these three ESs were analysed using mixed methods including 

a questionnaire, semi-structured interviews, participatory mapping and a discrete choice experiment, 

through a case study of two WPs in Guangzhou. For the purpose of augmenting the benefits that visitors 

receive from WPs, perception-influencing variables were identified and the relationship between the three 

ESs was addressed. The findings indicate that the importance of wildlife habitat service was highlighted by 

visitors as having health benefits and leading to aesthetic appreciation but the species richness of WPs was 

underestimated. The perception of the three ESs were correlated; when the three ESs cannot be enhanced at 

the same time, the majority of visitors prioritise the aesthetic service, which benefits them the most. 

Improving wildlife habitat service and aesthetic value while maintaining the recreation service could provide 

the best utility. The results provide empirical evidence for managing ESs provided by WPs and encourage 

the development of similar urban wetlands. 
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Glossary and abbreviations 

Terminology Abbreviation definition 

Ecosystem Service(s) 

 

ES(s) 

 

The direct or indirect benefits that people get from 

the ecosystem. 

Perceived Ecosystem Service(s) PES(s) The benefits (i.e., ecosystem services) that people 

perceive and assign value to from the ecosystem. 

Technical Understanding of 

Ecosystem Service(s) 

TUES(s) 

 

Ecosystem services that offered by ecosystems no 

matter whether humans perceived those benefits. 

Perceived Wildlife Habitat 

service 

PWH The benefits that people perceive and assign value 

to as a result of the habitat for wildlife residents and 

transient populations. 

Perceived Aesthetic Value  PAV The perceived benefits and value attributed to the 

enjoyment of beautiful scenery. 

Perceived Recreation Service PRS The perceived benefits and assigned value of 

engaging in recreational activities. 

wetland  This research adapts the definition by the Ramsar 

Convention, which is the basis for national wetland 

classification and survey in China: ówetlands are 

óareas of marsh, fen, peatland or water, whether 

natural or artificial, permanent or temporary, with 

water that is static or flowing, fresh, brackish or salt, 

including areas of marine water the depth of with at 

low tide does not exceed six metresô(RSC(Ramsar 

Convention Secretariat), 2016). 

Wetland Park(s) WP(s) Specific areas or parkland within the urban area 

defined and administrated for wetland protection, 

restoration, education, research, ecotourism and 

recreation (Ministry of Housing and Urban-Rural 

Development of the Peopleôs Republic of China, 

2017; National Forestry and Grassland 

Administration, 2017). 

Tianhe (Daguan) Wetland 

Park 

TDWP One of the case study sites of this thesis. (In Chinese: 

Ὲ ) 

Haizhu National Wetland Park HNWP One of the case study sites of this thesis. (In Chinese: 

Ὲ ) 
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Quality Improvement Project QIP An engineering renovation project conducted 

between 2019 and 2022 to improve the quality of the 

HNWP. 

Kruskal -Wallis H test K-W H test A nonparametric test used to assess whether there 

are significant differences between groups of an 

independent variable on a continuous or ordinal 

dependent variable. 

Mann-Whitney U test M-W U test A nonparametric test used to assess whether there 

are significant differences between two groups of an 

independent variable on a continuous or ordinal 

dependent variable. 

KaiserïMeyerïOlkin test KMO test A statistical measure used to assess the data's 

suitability for factor analysis. 

Geographically Weighted 

Regression 

GWR A spatial statistical technique used to model and 

analyse the spatial relationships between variables 

in geography. It is an extension of the conventional 

linear regression model that takes into account 

spatial heterogeneity. 

emergy  (spelled with an ómô) The amount of energy used in 

direct and indirect processes to create a product or 

service (Tennenbaum, 2015). It is a measure of the 

differences in quality between various forms of 

energy. 

synaesthesia  A perceptual phenomenon whereby stimulation of 

one sensory or cognitive pathway induces 

involuntary experiences in a second sensory or 

cognitive pathway. 

Citizen Science CS An inclusive and cooperative methodology for 

scientific study, wherein individuals from the 

general public, commonly known as ócitizen 

scientists,ô actively engage in the scientific process. 

Discrete Choice Experiment DCE A research method examines how individuals make 

choices between options or alternatives, with a focus 

on understanding their preferences and the trade-

offs they are willing to make in different scenarios. 



 

xvii  

Discrete Choice Model DCM A statistical framework for analysing and modelling 

individualsô choices in the discrete choice 

experiment. 

utility   The degree of happiness or satisfaction an individual 

derives from his or her situation. Wellbeing is 

measured.(Mankiw, 2016, p. 410) 

marginal utility   An increase in utility caused by a gradual 

enhancement of an attribute. 

Willingness-to-pay WTP The maximum amount that a buyer will pay for a 

good (Mankiw, 2016, p. 134). 

Compensating Variation CV An economic concept that measures the perceived 

benefit consumers received from a good or service 

before and after a policy change. 

Multinomial Logit  MNL A statistical technique in econometrics and choice 

modelling to analyse and predict discrete choices 

among multiple alternatives. 

Random Parameter Logit RPL An extension of the MNL model by incorporating 

heterogeneity through the inclusion of randomly 

varying individual-specific parameters. 

Independence from Irrelevant 

Alternatives  

IIA  The restrictive assumption in the MNL model. It 

states that the ratio of choice probabilities remains 

the same regardless of the presence of other 

alternatives in a choice set. 

Chinese Yuan CNY The official currency of the Peopleôs Republic of 

China. 
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Chapter 1. Introduction  

1.1 Background 

Human activities have resulted in the loss of at least 33 percent of the worldôs wetlands as of 2009. The area 

affected by wetland loss has been highest in Asia, while Europe has seen the most severe losses (Hu et al., 

2017, p. 319). Chinaôs wetland area decreased by approximately 33% between 1978 and 2008, in dramatic 

contrast to the 122% increase in the number of artificial wetlands (Niu et al., 2012, p. 2813). In the remaining 

natural wetlands, ecological functions are disappearing, and the ecosystems have deteriorated (Yin, 2003). 

Within this context, since 2004, a large number of wetland parks (WPs) have been built in China to protect, 

compensate, and rationally utilise wetland resources (Ma, 2016). Up to the end of 2017, in Chinese Mainland, 

a total of 1,699 WPs based on natural wetlands have been created (China Wetland Conservation Association, 

2018). The design and construction of WPs often employ three strategies: 1) inspired by natural wetlands 

(e.g., constructed vertical flow or subsurface wetlands, floating raft systems); 2) supported by natural 

wetlands (e.g., the Lake Tai National Wetland Park in Suzhou); 3) imitating natural wetlands with low-tech 

or easily operated measures (e.g., free-water surface constructed wetlands). 

The surging number of WPs can be a result of the widely held belief that the construction of WPs is one of 

the direct and effective ways to maintain and expand the protected area of wetlands under the rapid 

urbanisation; it contributes to the ecological restoration in the unbalanced development of urban ecosystems 

(Zhang et al., 2012). In addition, as a specific type of natural or man-made wetland, WP was intended to 

contribute to flood control and function as a component of the óSponge Cityô, as did the Sustainable Urban 

Drainage System (SuDS) (Yu, 2015). And they are considered to play an important role in improving the 

ecological situation, providing recreational facilities, conserving urban water sources, maintaining regional 

water balance, regulating regional climate, reducing pollutants, and protecting biodiversity (Lei, 2005).  

The rapid growth of WPs has raised concerns, emphasising the importance of evaluating their actual role. 

For example, are WPs genuinely effective at improving ecological function and saving/regulating water 

supply (Sang, 2009)? Researchers also suspect that WPs with their simple design, short development cycle 

and lack of regional cultural characteristics might face difficulties in meeting both ecological and cultural 

requirements (Zhang, Zhou and Gao, 2012). Further, current regulations emphasise only the area of wetlands, 

and no other aspects of quality. In addition, it is hard to tell whether a new-born WP plays a better role than 

the land that was there before: for example, digging dike-ponds and river to an artificial lake, or diverting 

the natural river and destroying nearby forests to build a new riverine wetland park (Figure 1-1).  

There are studies that evaluate WPs from either a biophysical or human standpoint, yet WPs contribute to 

both biophysical ecosystems and human well-being. Considering that wetlands contribute to both 

perspectives and that assessment from either perspective could favour one and dismiss the other, and that 

understanding how people interact with ecosystems and what benefits they receive from ecosystems is 

crucial for gaining public support for wetland restoration (Scholte et al., 2016), a more comprehensive 

approach ï ecosystem services (ES) ï will be investigated. 

ESs can be simply understood as direct or indirect benefits that human get from ecosystems (Millennium 

Ecosystem Assessment, 2005). It is a method for establishing a connection between healthy biophysical 

ecosystems and human well-being. The effect of ESs (such as air purification, microclimate regulation, 

noise reduction, rainwater drainage, sewage treatment, recreational and cultural values) provided by urban 
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ecosystems (including wetlands) on the quality of urban living was highlighted (Bolund and Hunhammar, 

1999). 

 
CƛƎǳǊŜ мπм ²ŜǘƭŀƴŘ ǇŀǊƪǎΥ Ǉŀǎǘ ŀƴŘ ǇǊŜǎŜƴǘ 

It has been demonstrated that ESs approach facilitates biodiversity conservation, decision making, site 

management, and spatial planning. Biodiversity conservation does not necessarily constitute a trade-off 

between óenvironmentô and ódevelopmentô (de Groot et al., 2010, p. 270). The ESs approach aids in 

biodiversity conservation by generating evidence for gaining public and policy support, enhancing the value 

of protected areas, and sustaining managed ecosystems beyond protected areas (Ingram, Redford and 

Watson, 2012). The evaluation of ESs can also contribute to the process of decision-making within a cyclical 

framework: (1) decisions and actions can influence ecosystems; (2) ecosystem structure and functions are 

translated into the provision of services; (3) services generate values; (4) information about values is 

embedded in institutions; and (5) institutions motivate discussions and decision-making (Daily et al., 2009). 

Further, ES assessment can facilitate a shift in the way that decision-makers think (Posner, Getz and Ricketts, 

2016). In addition, it is significant to incorporate ESs into land-use and land-management decisions, and 

coupling these decisions to incentives that appropriately reflect social returns (Polasky et al., 2011). Hence, 

ES approach is a valid method for enhancing the sustainability of ecosystems and decision making. 

Most ESs studies primarily examine rural landscapes, with limited attention given to urban ecosystems that 

are closer proximity to human society. Furthermore, there is even less research specifically addressing the 

delivery of ESs by urban wetlands. A study on global wetlands found that human-made wetlands are highly 

valued for their positive impacts on biodiversity enhancement, water quality improvement, and flood control 

(Ghermandi et al., 2010). However, rivers and shallow lakes were excluded in their study because of their 

controversial classification as wetland ecosystems. From the perception perspective, it was found that users 
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engage in urban green space in China because of the visual-scenic and recreation aspects, while wildlife 

habitat, species conservation and other ESs draw limited attention (Jim and Chen, 2006). The existing 

literature on urban ecosystems or wetlands also lacks thorough coverage of wetland types and ESs types. 

1.2 Research aim, objectives, and hypothesis 

In order to relate the biophysical world of wetland park (WPs) and human well-being, and to understand 

what roles do WPs actually play, this research aims to investigate the characteristics and influencing 

factors of ecosystem services (ESs) delivery in WPs, bridging the physical environment and public 

perception. The following research objectives would facilitate the achievement of this aim. A hypothesis 

toward each objective is presented following each objective. 

Objective 1: To identify ESs that are more critical to WPs, especially those valued by the public (i.e., 

focal ESs). 

1) WPs do not supply all of the ESs outlined in the framework; some ESs are more critical to WPs than 

others. 

2) Certain ESs are more easily recognised or deemed to be more significant by the general public. 

Objective 2: To determine the extent to which public perceptions of ESs are consistent with technical 

understanding. 

ESs that are perceived by the public might be underestimated or overestimated, or similar to that supplied 

by the ecosystem. 

Objective 3: To determine the factors that influence ESs perception in WPs. 

1) Influence of landscape characteristics: 

a) Certain landscape characteristics enhance perceptions of specific ESs. 

b) The same landscape characteristics could contribute to the delivery of multiple ESs 

c) The current assessment framework for ESs may not align closely with the Chinese cultural 

background. Some landscape features that are commonly used as indicators for the assessment of 

ESs may not be important in the Chinese cultural background, while some landscape features that 

are important may be ignored in current assessment framework. 

2) Influence of demographic factors: 

Certain demographic features (such as age or income) may enhance perceptions of specific ESs.  

3) Influence of spatial factors: 

The delivery of ecosystem services has some commonality across geographic space. 

4) Influence of temporal factors: 

Seasonal variations exist in the delivery of ESs. For example, in the subtropical monsoon climate zone, 

summer may be more conducive to flood control service delivery. 

Objective 4: To explore the relationships and interactions between perceptions of focal ESs. 

1) There exist trade-offs and synergies between perceptions of focal ESs, in values and throughout spatial 
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extent. 

Perception of 
ESs

Technical Understanding 
of ESs

Factors

All Ecosystem Services

Focal  ESs in Wetland Parks
(ESs that are more critical to WPs)

Others

landscape features

demographic factors

spatial factors

temporal factors Winter & Summer

Wetland parks in Guangzhou, China

Users/visitors εgeneral public)

Places within a wetland park

Trade-offs,
Synergies,
Bundles

Objective 1: 
To identify ESs that 
are more critical to 

WPs, especially 
those valued by the 

public (focal ESs)

Objective 3: 
To determine the factors that 

influence the ESs perception in WPs

Objective 4: 
To explore the relationships and interactions 

between perceptions of focal ESs

Research Aim: 
To investigate the characteristics and influencing factors of ecosystem services (ESs) delivery in 

wetland parks (WPs), bridging the actual landscape and public perception

Objective 2: 
To determine the extent to which 

public perceptions of ESs are consistent 
with technical understanding.

delivery

 

CƛƎǳǊŜ мπн /ƻƴŎŜǇǘǳŀƭ ŦǊŀƳŜǿƻǊƪ 

Objective 1 is the overarching (umbrella) objective (Figure 1-2). Objective 2 is primarily a preparation for 

Objective 3. Besides, Objective 2 itself would suggest implications to enhance the perception of critical ESs 

that were underestimated by public. By achieving Objective 3, ESs delivery can be enhanced by improving 

certain landscape features, and the benefits obtained by specific visitor groups could be enhanced. Besides, 

measures that can enhance ESs delivery can be targeted for different populations. By achieving Objective 

4, an ES could be enhanced by improving another ES that synergizes with it, and decision making could be 

more reasonable when ESs trade-offs are understood. 
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1.3 Scope of the thesis 

This thesis studies ecosystem services (ESs) delivery in wetland parks (WPs), spanning the real landscape 

and public perception. Except for the section on the influence of covid-19 (Chapter 6), this study was 

restricted to visitorsô perceptions of wetland parks in Guangzhou, China. And this thesisôs data set is 

confined to the years between 2018 and 2023. It is important to note that this study focuses on the ESs (not 

the disservices) of inland watershed WPs due to their prevalence and significance to urban areas. Since 

both national and urban WPs are found in urban or suburb areas, with similar goals and names, this thesis 

does not differentiate between the two types. This study primarily examines the man-made wetland parks 

in Guangzhou, as they constitute the majority of the cityôs wetland parks. When analysing the factors that 

influence ESs delivery, only landscape features, demographic data, spatial factors, and temporal factors are 

addressed, even if there may be additional remarkable elements. 

1.3.1 Guangzhou as the research area 

This thesis focuses on Guangzhou, which is a mega-city in southern China (Figure 1-3), covering a total 

area of 7,434.4 km2, with 1874.03 million residents (by the end of 2020) (Guangzhou Statistics Bureau, 

2020). As a region where the rivers of the Pearl River system meet and flow to the South China Sea, 

Guangzhou has abundant water resources, but is extremely vulnerable to floods. Over the past 40 years, the 

area of wetlands in Guangzhou has decreased dramatically; large areas of mudflats have been replaced with 

urban development (Zhao et al., 2016). Most remaining wetlands in the Pearl River Delta (excluding 

permanent rivers and shallow marine waters) are artificial wetlands including fish ponds and reservoirs, thus 

the wetlands lose their resilience (State Forestry and Grassland Administration, 2015). To protect wetland 

resources and strengthen the cityôs resilience to floods, 20 WPs have been created in Guangzhou in the last 

decade (Bureau of Forestry and Landscaping of Guangzhou Municipality, 2017, 2018). 

 
CƛƎǳǊŜ мπо [ƻŎŀǘƛƻƴ ƻŦ DǳŀƴƎȊƘƻǳ 

Guangzhou has a humid subtropical climate influenced by the East Asian monsoon. Due to the climate, 

Guangzhou experiences two main seasons: a rainy season and a dry season, without distinct four seasons. 

The summers are moist (Figure 1-4), with high temperatures (Figure 1-5), high humidity, and a high heat 

index, lasting from April to September, with July and August being the hottest months. Guangzhou has short 

and warm springs and autumns. Winters are short and mild, moderately dry, sunny, and snowless. 
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CƛƎǳǊŜ мπп !ƴƴǳŀƭ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƻŦ DǳŀƴƎȊƘƻǳ όŀƴ ŜȄŀƳǇƭŜ ƻŦ нлнлύ ϭ ²ŜŀǘƘŜǊ{ǇŀǊƪΦŎƻƳ 

 
CƛƎǳǊŜ мπр !ƴƴǳŀƭ ŀƴŘ ƘƻǳǊƭȅ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ DǳŀƴƎȊƘƻǳ όŀƴ ŜȄŀƳǇƭŜ ƻŦ нлнлύ ϭ ²ŜŀǘƘŜǊ{ǇŀǊƪΦŎƻƳ 

https://weatherspark.com/h/y/126769/2020/Historical-Weather-during-2020-in-Guangzhou-China
https://weatherspark.com/h/y/126769/2020/Historical-Weather-during-2020-in-Guangzhou-China
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1.4 Research significance and contribution to knowledge 

This thesis contributes to our understanding of ecosystem services (ESs) associated with wetland parks 

(WPs), and the extent to which people are aware of, and value those services. It links landscape features to 

specific ESs, and citizenôs perceptions of those services. Theoretically, this thesis compares the technical 

understanding and public perception of ESs to clarify the ESs flow from biophysical ecosystem to human 

wellbeing. By involving seasonal variation and the influence of the covid-19 pandemic, this thesis broadens 

the temporal scale of ESs research. This thesis evaluates ESs on site scale, a scale that not covered by most 

research, thus extending our spatial understanding of ESs. Further, findings of the characteristics and 

influencing factors of ESs delivery contribute to a better understanding the mechanisms underlying the 

generation of ESs, and provide evidence for optimization of current ESs assessment methodology as well. 

Therefore, evidence from this thesis would facilitate sustainable management, planning and design of WPs 

in regions beyond Guangzhou that with similar climate and cultural context. 

1.5 Thesis structure  

This study is structured as follows in order to develop and provide insights to meet the objectives of the 

research: 

In the beginning, the first two chapters of this thesis are dedicated to providing context and reviewing 

relevant literature, followed by an outline of the research design. Chapter 1 provides a background 

introduction, proposes the research aims, objectives, and hypotheses of this thesis, outlines the scope of the 

thesis, and clarifies the significance of this study and its contribution to knowledge. Chapter 2 offers an 

overview of the literature on wetland parks (WPs) and ecosystem services (ESs). Due to the iterative nature 

of this thesisôs development, separate chapters will be devoted to a comprehensive literature review of each 

of the focal ES. Methodological frameworks for evaluating ESs in WPs are outlined in Chapter 3, along 

with the studyôs research design, which is based on a few specific written step-by-step tools. In the same 

chapter, the research design methodology that are employed consistently throughout the thesis are described, 

whereas in the following chapters, the specific approaches that were used to evaluate the featured ES are 

presented. 

Based on literatures, Chapter 4 describes the changing urban wetland landscape in Guangzhou and the 

transition of any ESs, as well as identifies the beneficiaries of WPs. Chapter 5 and Chapter 6 identify priority 

ESs for evaluation. In particular, Chapter 5 includes a survey on the perceived health effects of WPs during 

the peak of the covid-19 pandemic in 2020. This chapter examines the impact of the severity of the pandemic 

and pandemic prevention strategies using data from Chinese cities including Guangzhou. Chapter 6 

examines the publicôs perception of ESs within WPs in Guangzhou through the use of social media, and 

which of these are most appreciated by the public. These three chapters establish the basis for the case 

studies that follow. 

Chapter 7 outlines the delivery of ESs in WPs using case studies in order to meet Objectives 2 to 4. This 

chapter evaluated key ESs that have been identified in Chapter 5 and Chapter 6, namely aesthetics, recreation, 

and wildlife habitat. 

Finally, Chapter 8 summarises and concludes this study, proposes implications for practise, discusses the 

limitations of this research, and provides an outlook for future research. 
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Chapter 2. Literature review 

This chapter examines studies that provide the theoretical and methodological foundation for this research. 

In the first section, it describes the characteristics and classification of wetland parks (WPs), pertinent 

legislation and governance, and assessment methods. In the second section, it examines the theoretical 

foundation and evaluation approaches of ecosystem services (ES). It investigates the challenges and 

problems of existing studies as well as the tendencies of ESs research in order to indicate the direction of 

this thesis. 

2.1 Literature review: wetland parks 

2.1.1 Characteristics and classification of wetland park 

Wetland parks (WPs) consist of (1) wetland-themed green space within urban built-up area that are open to 

the public and have certain recreational and service facilities (classification code G139); and (2) green areas 

outside urban built-up area that are based on good wetland ecological environment and diversified wetland 

landscape, with functions such as ecological protection, science education, field research, ecological leisure, 

etc., with recreation and service facilities (classification code EG13) (Ministry of Housing and Urban-Rural 

Development of the Peopleôs Republic of China, 2017). This thesis defines WPs narrowly as the union of 

these two types of green space. 

However, several riverine parks and early-built lake parks were not referred to be ówetland parksô, and the 

general public is confused about the difference between the WP in narrow definition and the wetland-themed 

parks (Zhang, Zhou and Gao, 2012). Therefore, for the online survey regarding the health benefits of WPs 

conducted during the peak of the COVID-19 pandemic (Chapter 6), the broad definition of WPs as public 

green space containing a significant proportion of wetlands was used to avoid ambiguity. Except for this 

chapter, the rest of the thesis uses the narrow definition of WPs. 

Since Guangzhou is located on where the rivers of the Pearl River system meet and flow to the South China 

Sea, Guangzhou include both inland watershed WPs and coastal WPs. Given that the majority of WPs in 

Guangzhou are located in inland watersheds, with only three being coastal WPs with mangroves (as shown 

in Figure 4-1), this thesis focuses on the inland watershed WPs. These WPs primarily rely on rivers, rainfall, 

and urban runoff as their main sources of water, although they may also be partially influenced by irregular 

semi-diurnal tides.  

Since the Ming Dynasty, the  population influx migrants to Lingnan has prompted the reclamation of river 

plains to satisfy the rising need for food, leading to the emergence of paddy fields and dyke-ponds (Zhang, 

2019). Consequently, wholly natural wetlands are now scarce in Guangzhou; with the exception of a few 

wetland parks that contain natural rivers, the majority of wetlands are man-made. Many megacities in China 

encountered the same circumstances as Guangzhou. Thus, this study specifically examines man-made WPs. 

2.1.2 Strategies similar to wetland parks 

For the purposes of ecological conservation and sustainable urban water management, a wide range of 

strategies are typically employed. These strategies either include or overlap with wetland parks (Figure 2-1). 

Established in the Chinese context, wetland parks are specific types of green infrastructure, blue-green 

systems, urban wetlands, and nature-based solutions. Large-scale wetland parks, which are typically 

national in scope, share certain similarities with Ramsar sites and nature reserves in that they are legally 

protected areas that promote biodiversity conservation. Wetland parks with smaller dimensions primarily 

serve as areas for stormwater treatment. They share similarities with wetlands found in the sponge city 
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concept and other concepts utilised in various countries worldwide, such as Low Impact Development, 

Sustainable Urban Drainage System, and Water Sensitive Urban Design. In relation to ecological recreation, 

science education, ecological protection, and field research, wetland parks are comparable to WWT wetland 

centres in the United Kingdom. 

In China, wetland parks are a component of nature parks that possess ecological, scenic, cultural, and 

scientific significance. These parks facilitate sustainable utilisation and effectively safeguard a wide range 

of natural resources. They are part of a comprehensive system of nature protection areas, which also includes 

national parks and nature reserves.(Office of State Council, 2019) 

¢ŀōƭŜ нπм ǎǘǊŀǘŜƎƛŜǎ ǎƛƳƛƭŀǊ ǘƻ ǿŜǘƭŀƴŘ ǇŀǊƪǎ ŀƴŘ ǘƘŜƛǊ ŘŜŦƛƴƛǘƛƻƴǎ 
Strategies Definitions 

Green Infrastructure óa strategically planned network of natural and semi-natural areas with 

other environmental features designed and managed to deliver a wide range 

of ecosystem services.ô(European Commission, 2013) 

Blue-green Infrastructure It is characterised by its emphasis on connectivity, access to nature, green 

and blue space networks, and the integration of natural with built and 

engineered environments.(Mell and Scott, 2023) 

Blue-green system óThe strategic and systematic planning, modelling, quantifying and 

optimising of Blue Green Infrastructure, its interactions with the built 

environment and practices that ensure the space and water availability 

required to provide various ecosystem servicesô(Bozovic et al., 2017; 

Probst et al., 2022) 

Nature-based solutions óActions which are inspired by, supported by, or copied from natureô 

(European Commission, 2015) 

Ramsar Site Wetlands that have been designated by the Contracting Parties of the 

Ramsar Convention for listing in the List of Wetlands of International 

Importance are recognised as having significant international ecological, 

botanical, zoological, limnological, or hydrological value.(Ramsar, 2023) 

WWT Wetland Centre (WC) The Wildfowl and Wetlands Trust (WWT) oversees a network of wetland 

reserves with the goals of preserving habitat for migratory birds, providing 

a safe haven for endangered species, and educating the public about 

nature.(WWT, 2023) 

Urban Wetlands Wetland ecosystems that locate within or in close proximity to urban areas 

Nature Reserves Areas that are reserved and managed with the intention of conserving flora, 

fauna, or features of geological or other special interest, while also offering 

unique opportunities for research and study. Regarding nature reserves, 

classification, legislation, and administration vary by countries. Effective 

conservation areas and protected areas are analogous concepts. 

Low Impact Development (LIC) A term employed in North America and New Zealand to denote a landscape 

planning and engineering design strategy aimed at attaining a more natural 

hydrological system through the implementation of site layouts and 

integrated control measures. These measures typically involve the 

incorporation of smaller-scale stormwater treatment devices, such as 

bioretention systems, green roofs, and swales.(Fletcher et al., 2015) 

Water Sensitive Urban Design 

(WSUD) 

An approach employed in Australia, the UK and New Zealand to plan and 

design urban areas to minimize the hydrological impacts of urban 

development on the surrounding environment. It encompasses all aspects 

of integrated urban water cycle management, such as water supply, 

sewerage and stormwater management. (Fletcher et al., 2015) 

Sustainable Drainage System 

(SuDS) 

A range of technologies and techniques used in the UK to drain stormwater 

or surface water in a manner that is more sustainable than conventional 

solutions 

Sponge City (SC) A concept established in China to tackle urban surface-water flooding and 

related urban water management issues, such as purification of urban 

runoff, attenuation of peak run-off and water conservation. It is similar to 

Low Impact Developments approach. (Chan et al., 2018) 
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CƛƎǳǊŜ нπм ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǿŜǘƭŀƴŘ ǇŀǊƪǎ ŀƴŘ ƻǘƘŜǊ ǎƛƳƛƭŀǊ ǎǘǊŀǘŜƎƛŜǎ ό¢ƘŜ ŀǎǎƻŎƛŀǘŜŘ 
ŀōōǊŜǾƛŀǘƛƻƴǎ ŀƴŘ ǘŜǊƳǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ¢ŀōƭŜ нπнύ 

2.1.3 Legislation and governance of wetland parks 

The State Council, National Forestry and Grassland Administration1 and Ministry of Housing and Urban-

Rural Development of the Peoples Republic of China have issued a series of laws, regulations, standards 

and official documents (Appendix A - 1) to strengthen wetland protection, making it clear that WPs are an 

important part of Chinaôs wetland protection system and nature conservation system, emphasising the 

importance of functions of WPs (i.e., biodiversity conservation, science education, scientific research, 

recreation). These legislations distinguish WPs from general parks in terms of policy and management. 

2.1.4 Assessment of wetland parks 

Researchers have developed index systems for assessing the performance of WPs to ensure their healthy 

and sustainable development. For example, to qualify as a national wetland park, WPs must pass an 

evaluation by groups of experts using a standard including following indicators: (1) typicality, 

representativeness, uniqueness, diversity, and ecological function of the wetland ecosystem; (2) outstanding 

biodiversity; (3) little human activities interference; (4) good water quality; (5) well-controlled invasive 

species; (6) clear ownership, use and management of land; (7) well-established protection management 

facilities and institutions; (8) well-established ecological monitoring stations and environmental education 

facilities; (9) good community and stakeholder involvement; (10) well-established recreation and reception 

services and facilities; and (11) good coordination with local characteristic landscape (National Forestry and 

Grassland Administration, 2010). Besides, an evaluation index system using a hierarchical analytic approach 

that tailored to the unique characteristics of National WPs was proposed; it is constituted of five primary 

indicators (i.e., ecological effect, social effect, economic effect, basic construction effect, and sustainable 

effect) and 25 secondary indicators (Wu et al., 2014). Similarly, an evaluation index system combining 

expert-based Analytic Hierarchy Process method and site investigation was conducted; index include 

diversity of wetland types, regional water resource, water quality, biodiversity, and landscape resource 

(Huang et al., 2013). 

 

1 ǘƘŜ ǇǊŜǾƛƻǳǎ {ǘŀǘŜ CƻǊŜǎǘǊȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ 
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Specifically, from biophysical perspective, health and emergy2 analysis are usual approaches for assessing 

wetlands and WPs. Health, including health from individuals to ecosystem, can describe the condition of 

wetland ecosystems. Measurements including (1) the description of the symptoms of ecosystem disruption, 

the emergence of human or animal disease, and the capacity to recover from disturbance (i.e., resilience) 

(Rapport, Costanza and McMichael, 1998); (2) indicator species demography (e.g., waterfowl, microbial, 

submerged aquatic vegetation, algae, Odonata) (Hornung and Rice, 2003; Péron et al., 2013; Sims et al., 

2013); emergy accounting and life cycle assessment (Duan et al., 2011). 

From human perspective, although many studies have shown that natural environment or urban blue-green 

space is beneficial to human physical health (Lachowycz and Jones, 2011; Richardson et al., 2013) and 

mental health (Helbich et al., 2018), evidence of WPs contribute to human health is limited. As for other 

well-being aspects, it was found that urban wetland environments were perceived by public as at least 

somewhat good for being physically active, enjoying beauty, being close to animals and nature, learning 

about nature, interacting with family and friends, and being alone (Pedersen, Weisner and Johansson, 2019, 

p. 1319). These well-being aspects were usually assessed using questionnaire (e.g.,(H. Wang et al., 2019)). 

The enjoyment of aesthetics was usually assessed by using approaches such as Scenic Beauty Estimation 

(Sun et al., 2018), questionnaire (Dobbie, 2013), photograph-rating (Cottet, Piégay and Bornette, 2013), and 

photograph-sorting/ranking (Dobbie and Green, 2013). 

Some studies have explored the relationship between ecology and aesthetics in wetlands. For example, 

studies explored the impact of water transparency and colour, the presence and appearance of aquatic 

vegetation and trees, the presence of sediments, and perceived wetland health to aesthetic preference (Cottet, 

Piégay and Bornette, 2013; Dobbie, 2013). And a study found that throughout the spring and fall, an 

evaluation of Fujin National Wetland Parkôs surface water input and exit in Northeast China showed 

consistency between measured water quality and water pollution-related aesthetic preference of experts (Sun 

et al., 2019). However, other aspects bridging biophysical environment to human perception are overlooked.  

2.1.5 Challenges and problems that wetland parks are facing 

Throughout the development of WPs over the previous decade, challenges and problems were identified or 

discovered. For instance, WPs in China is confronting challenges such as unequal distribution, a lack of 

funds, a conflict between national preservation and local utilization, and inadequate legacies (Wu et al., 

2015). In addition, landscape architects are concerned that WPs may not be able to adapt to local conditions 

and cultural norms due to their simple design, rapid expansion, and lack of local characteristics (i.e., the 

design of WPs is similar everywhere) (Zhang, Zhou and Gao, 2012). In addition, it was revealed that the 

spatial distribution of visitors in the Xixi National Wetland Park is uneven, with severe spatial overload in 

certain locations; and that the low level of visitorsô perception and preference of the wetland landscape has 

increased the carrying capacity overload at certain locations, such as around decks, stores, and iconic 

attractions (Pan and Sun, 2015). The overloading of carrying capacity in certain locations of WPs may 

threaten their ecological integrity. If we had a deeper understanding of the biophysical and human value of 

WPs, we might be able to overcome challenges such as unequal distribution and lack of funding. If we had 

a more robust insight into the visiting habits and preferences of locals, we could better adapt the design of 

 

2  9ƳŜǊƎȅ όǎǇŜƭƭŜŘ ǿƛǘƘ ŀƴ άƳέύ ƛǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŜƴŜǊƎȅ ǳǎŜŘ ƛƴ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ ǇǊƻŎŜǎǎŜǎ ǘƻ ŎǊŜŀǘŜ ŀ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜ 

(Tennenbaum, 2015)Φ Lǘ ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǉǳŀƭƛǘȅ ōŜǘǿŜŜƴ ǾŀǊƛƻǳǎ ŦƻǊƳǎ ƻŦ ŜƴŜǊƎȅΦ 
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WPs to the local natural and cultural setting and create more visitor-preferred areas within WPs to prevent 

carrying capacity overload at specific locations. 

2.1.6 Summary: literature review of wetland parks 

Wetland parks (WPs) are recognised as significant urban blue-green spaces in China. They are expected to 

play a role in wetland preservation, biodiversity conservation, and enhancing human well-being. Documents, 

regulations, standards, and laws have been enacted for the building and development of WPs in a sustainable 

way. In addition to methods for evaluating natural wetlands either from a biophysical perspective (e.g., 

wetland health and emergy analysis) or a human perspective (e.g., Scenic Beauty Estimation, photograph 

ranking, questionnaire and interview), a number of expert-based index systems for evaluating WPs have 

been proposed and tested. 

However, no study has been discovered that compares and evaluates the biophysical and social benefits of 

WPs at the same time period and location. In addition, human-wellbeing that benefits from WPs other than 

enjoyment of beauty is little known, particularly in terms of how they are seen and experienced when visited. 

In addition, there is no standardized index method for evaluating WPs. In this thesis, the requirement for a 

comprehensive evaluation of WPs is emphasized. It is anticipated that ESs, which encompass the 

biophysical environment and human well-being and emphasize the benefits humans receive from 

ecosystems, would bridge present research gaps in WPs and assist in overcoming the issues WPs now faces. 

The next section will offer an overview of ESs and their evaluation methodology. 
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2.2 Literature review: landscape perception 

2.2.1 Perception theories 

To efficiently sustain and develop our own lives through successful interaction with others, we depend on 

three fundamental and interconnected human capacities: affect, behaviour, and cognition. Affect is an 

emotional response, a gut reaction, or sympathetic nervous activity; it can be measured by monitoring 

physiological responses such as heart rate or by collecting verbal repots of feelings or mood. Behaviour 

comprises explicit actions, behavioural intentions, and verbal descriptions regarding behaviour. Cognition 

comprises perceptual responses and verbal statements of belief.(Breckler, 1984) Since perception provides 

the informational and causal basis for our higher cognitive functions (Cahen and Tacca, 2013), it is crucial 

to comprehend how people perceive the world. 

The question of whether perception is direct or indirect is a fundamental topic that theories within the field 

of philosophy of perception focus on. The theory of direct perception, such as James Gibsonôs ecological 

approach to visual perception, posits that perception is the process of extracting information from the 

surrounding array of light, without the need for intermediaries such as retinal pictures, neural pictures, or 

mental pictures (Gibson, 2015). In contrast, the indirect theory of perception, such as the Representative 

Theory of Perception, asserts that the perceiver does not directly perceive tangible elements in the 

environment, but rather mental representations or intermediates (Maund, 2003). The question of whether 

perception is direct or indirect lacks a conclusive answer and remains a topic of philosophical investigation 

and discussion.  

The Information Processing Model, a fundamental framework in cognitive psychology, has greatly 

influenced our understanding of human perception. In 1956, George Miller proposed that information 

processing in humans involved gathering and representation of information, information storage, and 

information retrieval when required. Later, in 1968, Richard C. Atkinson and Richard Shiffrin proposes that 

there are three stages involved in memory: input or sensory registry, short-term memory, and long-term 

memory (Rosnov and Roberts, 2005). Based on these theories, the information processing model was 

developed. Perception plays a vital role in the information processing model, linking sensory input to our 

cognitive understanding of the world (Cahen and Tacca, 2013). 

Senses serve as the physiological foundation for perception. Perception involves the brain's selection, 

organisation, and interpretation of sensations. And sensations encompass various experiences, such as visual, 

auditory, olfactory, gustatory, tactile, and others.  Perception is a multisensory process, while visual 

dominance over other senses is a widely recognised knowledge. Consequently, visual dominance provides 

a substantial explanation for the human inclination towards vision and their nature as visual beings (Stokes 

and Biggs, 2014). Hence, this study employs multisensory perception of field experiences in conjunction 

with visual stimuli to investigate peopleôs perception on wetland parks. 

It is noteworthy that enhanced intersensory communication has the potential to induce synaethesia, an 

involuntary percept-like phenomenon wherein a sensory stimulus presented to one of the modalities elicits 

simultaneous sensations in all modalities. For instance, the phenomenon of synaesthesia involves perceiving 

colours linked to specific letters and numbers, and experiencing colours in response to certain sounds or 

music. An inducer (the stimulus that initiates synaesthesia) and a concurrent (the elicited synaesthetic 

experience) are the components of synaesthesia. The variability in the number of synaesthesia types a person 

has may be indicative of cognitive differences in various dimensions such as mental imagery, sensory 

sensitivity, and attention to detail (Ward, 2019). 
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2.2.2 Landscape perception 

Landscape perception pertains to the particular context in which individuals experience and perceive the 

landscape. Landscape perception plays a crucial role in determining preferences (Kaplan and Kaplan, 1989). 

Research on landscape perception has addressed legislative mandates as well as challenges related to 

landscape management, planning, and design in numerous countries. 

Evolutionarily, the Prospect-Refuge Theory suggests that environments are advantageous for humans when 

they offer the optimal conditions for survival, namely by allowing individuals to see (prospect) while 

remaining not be seen (refuge) (Appleton, 1975). The Attention Restoration Theory asserts that individuals' 

attentional ability could undergo restoration following exposure to natural environments or even through 

the observation of nature scenes (Kaplan and Kaplan, 1989). Culturally, the Topophilia hypothesis 

highlighted the influence of factors such as age, gender, hobbies, educational background, and past 

experience in developing individual preferences for landscapes (Tuan, 1990). Further, four general 

paradigms of landscape perception during 1965 to 1982 was identified based on the human-landscape-

interaction-outcome model, namely expert, psychophysical, cognitive, and experiential paradigm (Zube, 

Sell and Taylor, 1982). The vast majority of subsequent research falls into one of the following four 

paradigms. The significance and methodological foundation of this work have been established by these 

highly influential studies on landscape perception. 

The literature pertaining to the perception of ecosystem services (Section 2.3.4 and 2.3.5.2), biodiversity or 

wildlife habitat (Section 7.5.1), aesthetics (Section 7.6.1 and 7.6.2), and recreational activities (Section 7.7.2) 

in landscapes is elaborated upon in the next section and Chapter 7. To avoid redundancy, additional 

information on these topics is excluded here. 

2.3 Literature review: ecosystem services 

2.3.1 Concept and classification systems of ecosystem services 

When the concept of ecosystem services (ESs) was initially introduced, Daily (1997, p. 3) described it as 

the conditions and processes by which natural ecosystems support and fulfil human life. Costanza et al. 

(1997) defined ESs as ecosystem goods and services together, combining material, energy, and information 

flows from natural capital stocks that are integrated with manufactured capital and human capital services 

to provide human welfare. Millennium Ecosystem Assessment (2005) simplifies the definition of ES as the 

direct or indirect benefits that people receive from ecosystems and classifies ESs into four categories (i.e., 

supporting, provisioning, regulating, and cultural services); this is the most widely accepted definition 

worldwide. It also identified five main aspects of human well-being (incl. material minimum, social relations, 

freedom and choice, security, and health) and summarised that they are affected directly and indirectly by 

changes in ecosystems and ESs (Millennium Ecosystem Assessment, 2005, p. 14). 

Together with the concepts, classification systems have been proposed by scholars in the past three decades; 

the most commonly adopted ones are shown in Table 2-2. Besides these classification systems, there are 

alternatives that are not commonly adopted. For example, Wallace (2007) advocated classifying ESs 

according to the category of human values including adequate resources, protection from threats (e.g., 

predators, disease, or parasites), a favourable physical and chemical environment, and sociocultural 

satisfaction. Zhang et al. (2010, p. 66) proposed a new classification of ESs based on human needs: material 

needs, means of livelihood, and production materials correspond to provisioning services; safety 

requirements (including atmospheric safety, water safety, soil safety, and biological safety) correspond to 

supporting services and regulating services; spiritual needs correspond to cultural services. The 
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classification system used in this thesis is a synthesis of the four main ESs classification systems used 

worldwide and add the cultural heritage value as Fagerholm et al. (2012) indicated (Table 2-3). An 

explanation of these ESs is given following the above-mentioned literatures. 

2.3.2 Ecosystem disservices 

Although ecosystems are beneficial to humans from multiple perspectives, occasionally they have 

detrimental effects on human well-being; that is, ecosystem disservices. Ecosystem disservices, for example, 

include safety problems in dark parks, pollen creating health issues, and pest damages, nutrient runoffs, or 

competition by unwanted species that reduce crop yields or increase production costs (Lyytimäki et al., 

2008). Specifically, diseases including schistosomiasis and dengue fever are more likely to occur in wetlands 

where are susceptible to becoming breeding sites for the parasite (Hu et al., 2014; de Jesús Crespo, Méndez 

Lázaro and Yee, 2019). 
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¢ŀōƭŜ нπн aŀƛƴ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǎȅǎǘŜƳǎ ƻŦ 9{ǎ όƭƛǘŜǊŀǘǳǊŜύ 

 (Costanza et al., 2017) (Millennium Ecosystem Assessment, 

2005) 

TEEB (2010) CICES v5.1 

(Haines-Young and Potschin, 2010)  

P Food production Food Food Biomass - nutritional purpose 

Water supply Fresh water Fresh water Water (incl., drinking water, used as a material 

/ an energy source, other) 

Raw materials Fibre, etc. Raw materials Biomass ï materials (e.g., fibres) 

Genetic resources Genetic resources   

 Ornamental resources   

 Biochemicals and natural medicines Medicinal resources  

   Biomass ï source of energy 

R Gas regulation Air quality regulation Local climate regulation and air quality 

regulation 

Atmospheric composition and conditions (i.e., 

chemical composition, temperature and 

humidity) Climate regulation Climate regulation Carbon sequestration and storage 

Disturbance regulation  Natural hazard regulation Moderation of extreme events3 Hydrological cycle and water flow regulation  

Water regulation4 Water regulation  Regulation of the chemical condition of fresh 

water  

Waste treatment Water purification and waste treatment Waste-water treatment  Mediation of wastes or toxic substances 

Erosion control & sediment 

retention 

Erosion regulation Erosion prevention and maintenance of 

soil fertility 

Control of erosion rates, buffering and 

attenuation of mass movement 

Soil formation Soil formation  Regulation of soil quality 

Pollination Pollination Pollination Life cycle maintenance (incl., pollination and 

seed dispersal) 

Biological control Regulation of pests & human diseases Biological control Pest and disease control  

   Noise attenuation 

   Fire protection 

S  Nutrient cycling Nutrient cycling & photosynthesis, 

primary production 

  

Refugia  óbiodiversityô Habitats for species Maintaining nursery populations and habitats 

 

3 ŜΦƎΦΣ ŦƭƻƻŘǎΣ ǎǘƻǊƳǎΣ ƭŀƴŘǎƭƛŘŜǎ 

4 ŜΦƎΦΣ ƴŀǘǳǊŀƭ ƛǊǊƛƎŀǘƛƻƴ ŀƴŘ ŘǊƻǳƎƘǘ ǇǊŜǾŜƴǘƛƻƴ 
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  Maintenance of genetic diversity (incl. gene pool protection) 

C  Recreation5 Recreation & eco-tourism Recreation; mental & physical health   Physical and experiential interactions with 

natural environment Tourism  

Cultural6 Aesthetic values Aesthetic appreciation and Inspiration for 

culture, art, design 

Intellectual and representative interactions 

with natural environment 

Cultural diversity  

Knowledge systems  

Educational values  

 Spiritual & religious values Spiritual experience and sense of place Spiritual, symbolic and other interactions with 

natural environment 

   Other biotic characteristics that have anon-use 

value 

Abbreviations:  

P: provisioning services; R: regulating services; S: supporting services; C: cultural services 

 

 

 

5 ƛƴŎƭΦΣ ŜŎƻπǘƻǳǊƛǎƳ ϧ ƻǳǘŘƻƻǊ ŀŎǘƛǾƛǘƛŜǎ 

6 ƛƴŎƭΦ ŀŜǎǘƘŜǘƛŎΣ ŀǊǘƛǎǘƛŎΣ ǎǇƛǊƛǘǳŀƭΣ ŜŘǳŎŀǘƛƻƴΣ ϧ ǎŎƛŜƴŎŜύ 
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¢ŀōƭŜ нπо 9{ǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŀƴŘ ǘƘŜƛǊ ŜȄǇƭŀƴŀǘƛƻƴǎ όǘƘƛǎ ǘƘŜǎƛǎύ7 

Ecosystem Services Explanation 

P food food products that derived from plants, animals and microbes (e.g., crops, wild fruits, fishing) 

water supply fresh water storage, retention and supply by watersheds, reservoirs, aquifers 

raw materials get raw materials, including fibre (e.g., wood, silk), construction materials (e.g., lumber), fuel (e.g., firewood) and fodder. 

ornamental resources collect ornamental animal and plant products for decorative use 

genetic resources genes and genetic information used for animal and plant breeding and biotechnology 

biochemicals and natural medicines get natural medicines from the ecosystem 

R air regulation regulation of atmosphere chemical composity (e.g., CO2/O2 balance, SOx levels control) 

climate regulation regulation of local and global temperature, precipitation and other biologically mediated climatic processeŝe.g., feeling 
cooler in ecosystems) 

disturbance regulation e.g., storm protection, flood control, drought recovery, hurricane reduction 

water regulation the timing and magnitude of runoff, flooding and aquifer recharge, (e.g., Natural irrigation, drought prevention) 

water purification and waste treatment filter out and decompose organic wastes or nutrients introduced to water related ecosystems; better water quality /cleaner 

water 

erosion control and 

sediment retention 

soil retention (e.g., prevention of landslides; prevention of loss of soil by wind, runoff, or other removal processes; storage 

of silt in lakes and wetlands) 

soil formation soil formation process (e.g., weathering of rock and the accumulation of organic material) 

pollination movement of floral gametes for the reproduction of plant populations 

biological control disease regulation, pest regulation, Trophic-dynamic regulations of populations (predator control) 

noise reduction noise reduction; quieter 

S  nutrient cycling, photosynthesis, 

primary production 

the process of nutrient cycling (e.g., nitrogen fixation, phosphorus or nutrient cycles) 

Wildlife habitat habitat for wildlife resident and transient populations.  

C recreation conduct recreational activities (e.g., eco-tourism, sport fishing, and other outdoor recreational activities) 

aesthetic values enjoy beautiful scenery or fragrance 

cultural diversity landscape features that reflect regional culture 

spiritual and religious values regard the place as a religious or sacred place. 

educational values and knowledge 

system 

gain knowledge from the wetland park (i.e., formal and informal education) 

 

7 !ōōǊŜǾƛŀǘƛƻƴǎΥ tΥ tǊƻǾƛǎƛƻƴƛƴƎ ǎŜǊǾƛŎŜǎΣ wΥ wŜƎǳƭŀǘƛƴƎ ǎŜǊǾƛŎŜǎΣ {Υ {ǳǇǇƻǊǘƛƴƎ ǎŜǊǾƛŎŜǎΣ /Υ /ǳƭǘǳǊŀƭ ǎŜǊǾƛŎŜǎ 
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social relations organizing or attending events to interact with other people or make friends; mark the places recommended by web 

celebrity and share with friends to gain social belongings 

cultural heritage values landscape features that reflect local history, traditions and wisdom 

inspiration get inspiration for art, poems, and so on 

sense of place a personôs special experience in a specific environment (feeling stimulating, happy, etc.)  

Abbreviations:  

P: provisioning services; R: regulating services; S: supporting services; C: cultural services 
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2.3.3 Interrelationships between ecosystem services 

Relationships between ESs are mostly characterized by trade-offs or synergies. Trade-offs are produced when 

the greater usage of one ES reduces the availability of another ES, whereas synergies are described as the 

opposite; they vary over place and time and have varying degrees of reversibility (Rodríguez et al., 2006). There 

may be trade-offs between different ESs, as well as between present and future service supply (Li et al., 2013, 

p. 1380). However, trade-offs are not unavoidable; taking into account the reason why trade-offs arise is more 

likely to result in synergies (i.e., win-win scenarios) than aiming for synergies (Howe et al., 2014). 

Understanding the trade-offs between ESs will therefore facilitate the development of synergies and the 

promotion of management strategies that optimize the benefits for stakeholders. 

ES bundles are groups of ESs that commonly appear together throughout place or time (Raudsepp-Hearne, 

Peterson and Bennett, 2010, p. 5242). ES relationships varied over time (Renard, Rhemtulla and Bennett, 2015, 

p. 13413) and across regions (Raudsepp-Hearne, Peterson and Bennett, 2010, p. 5244). The ES bundles consist 

of positively correlated ESs that may or may not exhibit causal relationships (Renard, Rhemtulla and Bennett, 

2015, p. 13411). Understanding the interconnections between ESs could facilitate the synergy of ESs, encourage 

management practices that increase the benefits to people (Kong et al., 2018; Plieninger et al., 2019), and enable 

the forecast of crucial ES trade-offs and synergies on the landscape (Raudsepp-Hearne, Peterson and Bennett, 

2010, p. 5245).  

2.3.4 Ecosystem service flow 

The ES paradigmôs underlying logic has been extensively discussed and developed. There are two schools of 

thought among academics regarding this issue: those who believe ESs are objective and unaffected by the 

benefits or values assigned by people, and those who believe there are flows/cascades from the bio-physical 

realm of ESs to values benefiting humans. 

Since the introduction of ESs, Daily (1997, pp. 3ï6) emphasized the gap between the real and perceived value 

of ESs because modern urban life obscures the presence of ESs; although once explained the significance of 

ESs is often easily recognized, the actual assignment of value to ESs may provoke tremendous doubt. Besides, 

Haines-Young and Potschin (2010) proposed a cascade model from ecological functions to ESs, and they 

recognized that subsequently to benefits and services do not exist in isolation from human demands. A year 

later, they distinguish óbenefitô and óvalueô in the cascade model, making it apparent that benefits are those items 

to which individuals attach value (Potschin and Haines-Young, 2011). Similarly, Tallis et al. (2012) distinguish 

between the ósupplyô (i.e., the structure and function of ecosystems), the óserviceô (i.e., the function actually 

used or enjoyed by humans), and the óbenefitsô (i.e., the resulting change in human well-being). In addition, the 

ósupplyô is further subdivided to supply capacity and supply potential. For example, it has been spatially 

estimated that with the exception of the carbon sequestration service, the proportion of regions that actually 

provided services to people ranged from 16 to 66% of those theoretically capable of supplying services (Bagstad 

et al., 2014). However, Costanza et al. (2017) insisted that there is no distinction between ESs and benefits, and 

that ESs exist whether or not people perceive the advantages.  

This debate shows that there might be discrepancy between the objective existing services that are independent 

of human intervention and the subjective perceived services that individuals attach value to. This thesis assume 

that there is a non-linear and dynamic cascade relationship between biophysical structure or process, ecological 
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functions, ESs, benefits, and values, following the ESs cascade model proposed by Potschin and Haines-Young 

(2011). Holding this assumption, this thesis intends to examine the theoretical supply and public perception 

of ESs in an effort to comprehend the gap between them. 

2.3.5 Bridging technical understanding and perceptions 

Beside the research context discussed in the previous section, the necessity of incorporating socio-cultural 

values of ESs into WPs assessment have been emphasized for facilitating human well-being and fostering 

wetland restoration (Scholte et al., 2016), indicating the need to bridge technical understanding and perception 

of ESs in wetlands.  

A few studies have attempted to comprehend the gap between theoretical supply and public perception of ESs. 

A study assessed the spatial potential supply and actual use of cultural ESs in mountain protected areas and their 

surroundings (at a scale of approximately 2km2) by aligning geometrically modelled cultural ESs potential 

supply based on six biophysical indicators with participatory maps generated by visitors and local experts 

(Crouzat et al., 2022). Their research provides evidence that cultural factors go beyond a purely physiological 

explanation. Besides, a study compared local residentsô perceptions of biological value with scientifically 

identified biologically significant areas at an larger scale and found moderate spatial coincidence between the 

two (Brown et al., 2004). Further, it was discovered that the chemical evaluation and public perception of the 

surface water quality of urban rivers were spatially consistent (Juan Li et al., 2023). Nevertheless, current 

research is insufficient to address the research gap at multiple spatial scales and does not yet encompass a variety 

of ESs.  
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BiophysicalHuman
Ecosystem service supply  chain (Tallis et al, 2012)

Ecosystem service cascade model  (Potschin and Haines-Young, 2011)

 
CƛƎǳǊŜ нπн wŜƭŀǘŜ ΨǘŜŎƘƴƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΩ ŀƴŘ ΨǇŜǊŎŜǇǘƛƻƴ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΩ ǘƻ 

ŜȄƛǎǘƛƴƎ ŦǊŀƳŜǿƻǊƪǎ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ 



Chapter 2 Literature review  

22 

In this thesis, the term ótechnical understanding of ESsô (TUESs) is equivalent to the óservice (flows)ô in the 

cascade model (Potschin and Haines-Young, 2011) and the ósupply and serviceô in the ES supply chain (Wallace, 

2007), which refers to ESs that offered by ecosystems no matter whether humans perceived those benefits 

(Figure 2-2). óTechnical understandingô is the way to understand and assess ESs based on theories and 

experiences, using measurement or modelling techniques. The term óperception of ESsô (PESs) in this thesis is 

equivalent to the óbenefits (values)ô in the cascade and the óservice and benefitô in the supply chain, refer to 

benefits that are perceived by people and assigned value to. 

Some studies reveal relationship between TUES and PES. For example, it was found that actual and perceived 

biodiversity is correlated in some ecosystems (Brown et al., 2004; Southon et al., 2017) while in some are not 

always correlated (Dallimer et al., 2012). Season could influence the synergies as well: an assessment of the 

surface water inlet and outlet of Fujin National Wetland Park in Northeast China revealed consistency between 

measured water quality and water pollution-related aesthetic preference throughout the spring and autumn but 

not in the summer (Sun et al., 2019). 

However, the comparison between TUES and PES is still not sufficient. Although we understand TUES, if 

people cannot perceive and assign value to the ESs, the ESs can be underestimated. We already know some 

demands, tastes, and preference of ESs, but these can vary throughout time and place (Norton, Costanza and 

Bishop, 1998); therefore it is not sustainable to evaluate the ES only from a human perspective. Thus, research 

takes both TUES and PES into consideration and comparison is needed. 

2.3.5.1 Technical understanding of ecosystem services 

Numerous investigations have been conducted on either TUESs or PESs. Various approaches for assessing 

TUESs were established in studies. ESs can be quantified in terms of money (i.e., the monetary approach), 

emergy8, and the actual service supply unit (e.g., ὼ m3 clean water provisioning, ὼ m3 carbon storage). Written 

step-by-step tools and computer-based tools have been developed to make the evaluation more accessible to 

professionals and non-experts, hence facilitating ESs-relevant decision making. 

(1) Monetary approach 

The concept of ESs is initially strongly relevant to ónatural capitalô, using the broad concept of capital as a stock 

that generates a flow of services over time. ESs refer to the relative contribution of natural capital to the 

production of diverse human benefits, in conjunction with other forms of capital (incl., manufactured capital, 

human capital, and social or cultural capital) (Costanza et al., 2017). Therefore, it is no wonder that many ES 

assessment projects attach monetary values to ESs. The monetary method estimates the óincrementalô or 

ómarginalô value of ESs, i.e., the impact that relatively minor changes in these services have on human welfare. 

Changes in the quality or quantity of ESs have value to the extent that they alter either the benefits or costs 

associated with human activities (Costanza et al., 1997). 

 

8  9ƳŜǊƎȅ όǎǇŜƭƭŜŘ ǿƛǘƘ ŀƴ άƳέύ ƛǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŜƴŜǊƎȅ ǳǎŜŘ ƛƴ ŘƛǊŜŎǘ ŀƴŘ ƛƴŘƛǊŜŎǘ ǇǊƻŎŜǎǎŜǎ ǘƻ ŎǊŜŀǘŜ ŀ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜ 

(Tennenbaum, 2015)Φ Lǘ ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǉǳŀƭƛǘȅ ōŜǘǿŜŜƴ ǾŀǊƛƻǳǎ ŦƻǊƳǎ ƻŦ ŜƴŜǊƎȅΦ  



Chapter 2 Literature review  

23 

(2) Emergy accounting approach 

ESs are generated by a set of solar-powered natural cycles (Daily, 1997). Therefore, emergy9 analysis, which is 

based on the energy stocks and flows in ecosystem, was used to account ESs. It is totally objective and analyses 

from the perspective of the supplier only, so the evaluation is not influenced by human preferences and market 

contingency (Costanza et al., 1997, p. 254; Duan et al., 2011). For example, emergy analysis has been used to 

examine the changes in ESs before and after the transition of a desert shrub system to a plantation system in 

typical arid regions (Z. Xu et al., 2020). Generally, the computation requires the area of the specific ecosystem 

that provides a particular service (land use land cover data) or the measured actual amount of service the 

ecosystem provides. Emergy analysis is more objective, but when assessing cultural services, emergy should be 

converted from the monetary analysis (Yang and Liu, 2018). 

(3) Written step-by-step tools 

Written documents with step-by-step guidance have been developed for decision-makers, stakeholders and 

researchers to identify and estimate ESs and benefits provided by a particular site. For example, the Protected 

Areas Benefits Assessment Tool (PA-BAT) (Dudley and Stolton, 2009) is a workshop-driven tool based on 

questionnaire data. Toolkit for Ecosystem Service Site-based Assessment (TESSA) (Peh et al., 2013) and the 

Ecosystem Services Toolkit (EST) (Value of Nature to Canadians Study, 2017) which contains step-to-step 

guidance on, for example, defining the issue and context, identifying all possible ESs in the study area, the 

benefit they provide beneficiary groups, and confirming priority ESs. Step-by-step tools make the assessment 

process faster and easier, and they lay the foundation of the research design of this thesis. 

(4) Computer-based tools 

Besides written step-by-step tools, there has been a surge presence of computer-based tools to quantify, model 

and visualise ESs, to support decision making. By entering information of the examined ecosystem, such as area 

of habitat, vegetation type, land use cover, and slope degrees, the computer-based tools calculate ESs that the 

ecosystem supply in biophysical terms or in monetary benefits. In addition to these biophysical- and monetary- 

analysis tools, spatial analysis tools have been developed considering the special dynamics of ESs (Millennium 

Ecosystem Assessment, 2005) and the potential for promoting the collaboration between ecologists and others 

(Haines-Young and Potschin, 2010). The most widely used computer-based tools include Integrated Valuation 

of Ecosystem Services and Trade-offs (InVEST) (Natural Capital Project, 2022), Multiscale Integrated Models 

of Ecosystem Services (MIMES)(Boumans et al., 2015), Artificial Intelligence for Ecosystem Services 

(ARIES)(Bagstad et al., 2014), and Social Values for Ecosystem Services (SolVES)(Sherrouse and Semmens, 

2020). Except MIMES which can be used to assess any ES, tools can only assess some of the ESs (Appendix A 

- 2). Some tools are worldwide applicable (e.g., InVEST), whilst others are only applicable in specific nations 

or areas due to reliance on internally given input data that is confined to local. Despite the availability of these 

tools, it remains challenging to select a tool that corresponds to this studyôs scale of landscape, target ESs, and 

available data. Therefore, although these tools have been reviewed, the review will not be presented in this 

thesis. 

 

9 LōƛŘΦ 
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2.3.5.2 Perception of ecosystem services 

Studies have investigated which ESs are perceived to be more or less significant to the public. For example, 

Wardropper et al. (2020) conducted a survey and found that residents in the urban and agricultural Yahara 

Watershed in the United States placed the highest value on the regionôs provision of drinking and surface water 

quality, clean lakes and rivers for wildlife, and a reliable supply of drinking and surface water. Using the Q 

methodology, Buchel and Frantzeskaki (2015) demonstrate that aesthetic appreciation is the most valued ES for 

Rotterdam urban park visitors, followed by recreation, air quality control, and social settings.  

Other studies examine how individuals bundle or trade off multiple sorts of value when questioned about the 

significance of an ES. For example, Plieninger et al. (2019) discovered two strong synergies of PESs (i.e., 

cultural heritage and social interactions, cultural heritage and existence values) and sixteen moderate synergies 

of PESs which are mostly among cultural ESs using participatory mapping approach. Based on questionnaire 

data, Martín -López et al. (2012) discovered a clear trade-off between provisioning services (including 

recreational hunting), and regulating services or nearly all cultural activities, in the Iberian Peninsula. Edwards 

et al. (2012) conducted a Delphi survey and discovered that regional variation in the perception of the 

importance of forest structural attributes that contribute to the perception of recreation services in local forests 

in four European regions. 

2.3.6 Challenges and trends of ecosystem services research 

Researchers have highlighted obstacles for future research of ESs after reviewing the relevant literature over 

the previous two decades. For instance, Birkhofer et al. (2015) note that studies relating biodiversity to ESs 

usually focus on services at small geographical or short temporal scales, while research on the conservation of 

services focuses on services that bring benefits at large spatial scales. And they recommend that ESs research 

examine several geographical and temporal dimensions in order to create a holistic understanding of how 

nature promotes human well-being. Besides, it is suggested that integrating ESs and natural capital into 

mainstream economic policy necessitates a greater public dialogue and engagement (Costanza et al., 2017, 

p. 14). Further, to better quantify the physical quantity of ES supply, it is recommended that the biological 

processes and mechanisms driving its production from ecosystems be understood, and a more systematic 

evaluation of the relationships (i.e., synergies and trade-offs) between different ESs provided by an individual 

ecosystem is required  (Jiang, Wu and Fu, 2021). These highlighted research challenges and tendencies indicate 

the direction for this thesis. 

2.3.7 Summary: literature review of ecosystem services  

Ecosystem services (ESs) are the direct or indirect benefits that people get from ecosystems, however their 

detailed definition, namely their relationship to supply, benefit, and value, is still being clarified by academics. 

Whether there is a gap between objective ESs that are independent of human intervention and the ESs that 

people perceived and assign value to, need further clarification. This thesis assumes the gap exists, and by 

proposing and comparing technical understanding and perception of ESs, verify the existence of this gap.  

Researchers have proposed various ESs classification systems in the past years. Most items in these 

classification systems overlap while some differ. The most widely used classification systems were reviewed 

and a classification system with 26 items were synthesis for this thesis. Ecosystems that are generally 

advantageous to humans can yet possess components that negatively impact human well-being, referred to as 
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ecosystem disservices. One such example is the occurrence of arboviral diseases like malaria. Ecosystem 

disservices may occur in wetland parks, but this thesis excludes those from the analyses.  

Interrelationships between ESs are mostly characterized by trade-offs or synergies. Throughout place or time, 

groups of ESs could appear together as ES bundle, which can be discovered using geographical data. 

Understanding the trade-offs between ESs and the bundles of ESs will facilitate the development of synergies 

and the promotion of management strategies that optimize the benefits for stakeholders. 

There are numerous ways to evaluate ESs. This thesis adopts some assessment approach in the research design 

to evaluate ESs. And hopefully findings of this research could provide empirical evidence to optimize the 

assessment tools.  

In summary, the challenges and trends identified by other researchers for future ESs research that indicate the 

direction for this thesis include the need for (1) constant clarification of definition, (2) broader spatial and 

temporal scales of ESs research, (3) broader public discourse and participation, (4) a better understanding of the 

biological processes and mechanisms underlying the generation of ESs, and (5) a more systematic evaluation 

of the relationships between ESs. 
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Chapter 3. Research Design 

3.1 Methodological framework 

This thesis was developed using a mixed methods approach based on the pragmaticism paradigm, which 

proposes that researchers should use the methodological approach that works best for the specific issue that is 

being investigated, focusing on the results of research and the research questions rather than the methods 

(Kaushik and Walsh, 2019).  

Learning from the evaluation steps of the written step-by-step tools EST (Value of Nature to Canadians Study, 

2017) and TESSA (Peh et al., 2013), this thesis identifies and evaluates ecosystem services (ESs) delivery of 

wetland parks (WPs) following the steps shown in the framework in Figure 3-1. Chapters relevant to each step 

is also shown in the framework. This chapter gives an overview of the methodological framework, and briefly 

introduce methodology for each step. Specific and detailed methods for each theme (e.g., questionnaire 

design for each theme) is introduced in each relevant chapter (e.g., Section 5.2, 6.2, 7.2, 7.5.2, 7.6.4, and 

7.7.1). 

STEP 1: define the issue, context, and priority beneficiaries 
Á Explore policy context

Á Identify and engage stakeholders

Á Identify priority beneficiaries for ecosystem services delivered by 
wetland parks

STEP 4: methods selection
Á Select appropriate methods for each service

Á Identify which indicators are most relevant for assessing each ES

STEP 5: data acquisition
Á Collect/collate data for site in current / before  state

STEP 6: data analysis
Á Analyses data to achieve research objectives
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t STEP 2: identify priority ecosystem services  for evaluation

Chapter 4.Changing urban wetlands in Guangzhou: an 
ecosystem services perspective

Chapter 5.Perceived ESs and health effects of WPs in China 
in the context of Covid-19

Chapter 6.Using social media to explore perceptions of ESs 
by WPs in Guangzhou

STEP 7: Identify implications for practice

Chapter 7.ESs in WPs: 
¶ General perception
¶ Wildlife habitat service
¶ Aesthetic value
¶ Recreation service
¶ Relationships between wildlife habitat service, 

aesthetic value, recreation service

STEP 3: Define case study sites
Á Define site, based on biological importance and conservation goals

Chapter 8.Discussion and conclusion
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Firstly, this research reviewed the changing urban wetlands in Guangzhou to develop an understanding of the 

context and identify the beneficiaries of the ESs. The identification of beneficiaries who make actual use of 

prospective final ESs is a fundamental prerequisite for generating supply and use accounts for ESs (Haines-

Young and Potschin, 2018), because ecosystems and their beneficiaries are frequently not co-located (Fisher, 

Turner and Morling, 2009). The broad definition of WPs was adopted in this step to define the issue, context 
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and main beneficiaries on a broader scale. Considering the aim of creating WPs, the primary beneficiaries are 

visitors of WPs. Therefore, this study focusses on perception of visitors of WPs. Besides literature review 

presented in Section 2.1, works relevant to this step is presented in Chapter 4. 

Secondly, the focal ESs for examination were determined. The procedure of filtering the focal ESs is illustrated 

in the flowchart (Figure 3-2). In this step, a literature study, an analysis of social media content, and an online 

questionnaire were utilized. Each studyôs data collection and analysis methods are described in detail in the 

corresponding chapter. Studies conducted at this stage also serve as pilot studies, laying the groundwork for the 

case studiesô in-depth research design. As a result of studies in this step, the focal ESs for in-depth evaluation 

was defined: habitat, recreation and aesthetic values. 

Thirdly, two inland watershed WPs, Haizhu National Wetland Park (HNWP) and Tianhe Daguan Wetland Park 

(TDWP), were chosen as case study sites following a literature review and site visits of WPs in Guangzhou. 

Both case study locations are located in urbanized areas and have been assessed by other researchers and 

supported by a relevant literature base. When this research began, HNWP was the only national wetland park 

in Guangzhou, while TDWP was a typical urban wetland park constructed for flood control and water 

purification. The two WPs represent two distinct design styles for WPs in China and they were the only two 

projects chosen to be presented at the Guangzhou Urban Planning Exhibition Hall, demonstrating their 

representativeness. Although these two WPs are contrasting in terms of scale, type of wetlands they contain, 

and level of Government management, they are highly complementary and collectively encompass nearly all 

the qualities that WPs have in Guangzhou. Common themes of these two WPs include the same cultural context, 

relationship with urban built-up areas, and accessibility to citizens. Due to these commonalities, there will be 

shared perceptions of ESs that WPs provide, while differing perceptions can indicate effects arising from 

distinctions in the characteristics of WPs. In Section 7.1, the selection criteria for these two WPs as case studies 

and comprehensive descriptions of the two WPs themselves will be provided. 

Having identified primary beneficiaries and focal ESs and determined case study sites, this thesis determined 

appropriate methods for estimating each ESs and their relationships. Methods for assessing perceptions of ESs 

are presented in Section 7.2, while methods for technically understanding each ESs are presented in their 

respective sections in Chapter 7.  

Finally, this thesis suggests implications for practice in Chapter 8. 

3.2 Ethics 

Following the University of Sheffieldôs protocol for any experiment involving human participants, the proposed 

research was subjected to an ethics review. Before ethical permission was given, the research proposal was 

examined by a faculty member from the Department of Landscape Architecture at the University of Sheffield, 

and all requested adjustments were made. 
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Chapter 4. Changing urban wetlands and their ecosystem services 

Some parts of this chapter have been published: 

Zhai, X., Cameron, R. and Lange, E. (2023) óWetland Parks in Guangzhou: Ecosystem Services and Perceptionô, 

in Nijhuis, S., Sun, Y., and Lange, E. (eds) Adaptive Urban Transformation. Cham: Springer International 

Publishing (The Urban Book Series), pp. 285ï299. doi: 10.1007/978-3-030-89828-1_15. 

Authorsô contributions: XZ conceived and designed the study, reviewed the literature, and drafted the initial 

stages of the manuscript, with input and guidance of RC and EL. RC and EL commented on and provided 

revisions of the manuscript. 

4.1 Wetlands and their ecosystem services in transition, Guangzhou 

Guangzhou is situated in the central region of the Pearl River Delta, with a gradual north-to-south slope. In the 

mountainous north, water catchments are depicted largely by lakes and streams, but are dominated by wider 

rivers and coastal wetlands in the south. Most places of Guangzhou were still coastal or seascapes until the Ming 

and Qing dynasties (about six hundred years ago), when the current landscape pattern of Guangzhou began to 

take shape (Li, 1983). It was also during this period that mulberry-dyke-fishpond began to develop as an efficient 

agricultural system for fish and silk production (Liu, 2016). Until 1954, the built-up area of Guangzhou was 

still small, with a large area of surrounding wetlands (e.g., rice paddy, rivers, dyke-ponds, and coastal wetlands), 

orchards, and woods (U.S. Army Map Service, 1954). 

From the 1950s, Guangzhou began its economic development and the population has grown: there are 

18.7 million permanent residents, nearly ten times the population in 1953 (Guangzhou Statistics Bureau, 2020). 

The rise in population and urbanisation has resulted in a significant loss of wetlands, including paddy fields, 

aquaculture ponds, shallow marine water and rivers (Zhao et al., 2016). Meanwhile, highly intensive 

aquaculture replaced the traditional and ecological dyke-pond system (Hehl-Lange and Lange, 2019). Moreover, 

many river branches (e.g., Liwan River and Donghao River) have been covered over and/or polluted since the 

1950s  

New wetland parks (WP) have been designed and constructed recently, in response to more frequent flood 

disasters in the city and the increasing demand for recreational space. These landscapes are believed to be an 

effective nature-based solution to provide a compromise between wildlife protection and human utilisation. The 

development of WPs in Guangzhou covers the following four stages: 

Germinating (1958ï2003) 

Four lake parks (LPs) were built in 1958. Labour was organised to excavate four artificial lakes, i.e., Liwan 

Lake (17 ha), Liuhua Lake (32 ha), Lu Lake (21 ha) and Dongshan Lake (23 ha) and to create parks that could 

maintain ecological balance, retain floods and provide cultural services (Wu, 2013; Li, Tan and Qiu, 2018; Wu 

and Lin, 2018). 

On joining the Ramsar Convention in 1992, the Chinese government agencies have gained relevant experience 

of legal, technical and management aspects associated with wetlands from cases abroad and thus laid the 

foundations for developing a new generation of WPs (Ma, 2016). 

https://doi.org/10.1007/978-3-030-89828-1_15
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Forming (2004-2012) 

Recognising the local and regional environmental significance of wetlands, from 2004 to 2005, the State 

Council issued a series of documents to strengthen wetland protection and point out the development direction 

of WPs (Ma, 2016, p. 6). After Xixi National WP in Hangzhou, the first national WP in China was opened in 

2005 and the number of WPs accelerated rapidly (Ma, 2016, p. 7). 

Maturing (2012-2019) 

In the following years, many more artificial lakes or wetlands were created. Improved knowledge and advanced 

technology about constructed wetlands was utilised in the development of these wetlands, making WPs more 

mature in terms of habitat structure and ecological complexity. 

Currently within Guangzhou, there are 12 large lakes and eight artificial wetlands for stormwater storage as a 

nucleus for WPs (Bureau of Forestry and Landscaping of Guangzhou Municipality, 2017, 2018). 

Developing and upgrading (2020 onwards) 

More WPs are still under construction, and some existing WPs are currently being renewed or re-designed. For 

example, renewal of the Haizhu National WP includes expanding the water area, expanding the size of the area 

of floral displays, adding food courts, adding a museum etc., to improve recreation and aesthetic experience 

supporting natural education. 

Considering the abundant river resources in Guangzhou (with 30 large rivers and 1338 river branches, with a 

total length of 5000 kms), the Ecological Belt programme along rivers was proposed for urban water treatment, 

ecological restoration and recreational and aesthetics services (Guangzhou Water Authority 2020). The 14th 

five-year plan (2021ï2025) of Guangzhou emphasised the importance of the Ecological Belt and pointed out 

the necessity to upgrade three WPs (i.e., Baiyun WP, Haizhu National WP and Nansha WP) by strengthening 

the landscape and recreational facilities while protecting ecological resources. From a historical perspective, the 

ESs provided by the early wetlands in Guangzhou under human intervention changed from water supply 

services to regulation services. Then more emphasis was placed on cultural services and support services while 

ensuring regulation services, indicating the transitions within wetland and human needs. In the future, WPs will 

play an essential role in the development of Guangzhou. 

4.2 Wetland parks and their ecosystem services in Guangzhou 

WPs in Guangzhou vary considerably in area and width (Figure 4-1), and they usually originated in three ways: 

¶ Designation of existing park space for wetlands management. 

¶ Transfer of natural wetlands for use as new park space because they contain wetland characteristics worthy 

of protection and restoration in a more public setting. 

¶ Creation of park space with constructed wetlands for surrounding run-offs retention or water quality 

improvement. 

Some ESs associated with WPs in Guangzhou have been evaluated through multiple methods by local experts. 

WPs in Guangzhou can provide ESs, including wildlife habitat, flood regulation, air regulation, water 

purification, recreation, aesthetics, and natural-based education (Table 4-1). 
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ã 
      

Lu LP 
     

ã 
      

Wanzuitou WP + ã 
      

ã 
   

Baiyun LP 
   

+ 
 

+ 
  

+ 
   

Nansha WP + + + + 
 

+ + + + 
 

+ 
 

Haizhu  

National WP 

+ + 
 

+ + + 
 

+ + + + + 

Dasha River WP + 
    

+ 
  

+ 
   

Nangang RiverWP + 
    

+ 
  

+ 
   

Tianhe Daguan WP + 
  

+ 
 

ã 
  

+ 
   

S1: flora habitat, S1: fauna habitat; P1: food provision; R1: water purification, R2: air regulation, R3: flood 

regulation, R4: climate regulation, R5: water regulation; C1: recreation, C2: aesthetics, C3: environmental 

education, C4: cultural heritage; 

+: ESs that have been assessed, Ś: ESs that the WP aim to provide 

Only the WPs and ESs mentioned in the literature were listed in the table 

Wildlife habitat  

Wetland Parks provide habitat for wildlife. Several studies have evaluated habitat services of WPs for plants 

and birds. Imported and invasive plant species account for a large proportion of WPs in Guangzhou. For example, 

there are a total of 625 species of vascular plants recorded in the Haizhu Wetland, including 320 species (51.2%) 
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of introduced plants, 268 species (42.88%) of native plants and 37 species of invasive alien plants (5.92%) 

(Huang et al., 2018). It is estimated that the habitat service value is 2.1 million CNY per year, accounting for 

1.83% of the total ESs value of this WP using the Benchmarking Method according to unit value of wetland 

wildlife habitat of global ESs assessment (Xie and Guo, 2018, p. 30). In the Tianhe Daguan WP, the 2017 survey 

showed that there are 66 plant species, and that there is a slight increase in the number of plant species compared 

to before the WP was created (Wang L. et al., 2019). Mangroves are mainly distributed in two coastal WPs in 

Nansha, and there is also a small area in Haizhu National WP. 

WPs provide habitats for many birds in Guangzhou: there have been 392 species of birds recorded in Guangzhou 

in recent years, of which 258 have been recorded in WPs (Kunming Vermilion Bird Research Institute, 2022). 

Among the 258 species, 24 are National Secondary Protected species, including five near-threatened species, 

two vulnerable species, two endangered species (i.e., black-faced spoonbill (Platalea minor) and great knot 

(Calidris tenuirostris)) and two critically endangered species (i.e., Baerôs pochard (Aythya baeri) and yellow-

breasted bunting (Emberiza aureola) (defined by IUCN)). Nansha WP plays a vital role in providing habitat for 

migrating waterfowl, especially endangered species such as black-faced spoonbill and great knot. 

Water Purification  

Wetlands can filter nutrients and pollutants from surface water and upstream water. After sedimentation and 

filtration of the Pearl River water flowing into the Haizhu National WP, the water quality improves and reaches 

the standard for recreation. The value of the water purification is estimated to be 17.7 million CNY per year, 

accounting for 15.47% of the total ESs value (Xie and Guo, 2018, pp. 29ï30). The water quality at Daguan 

improved after it became a WP, with almost all sampling points reaching water quality standards for recreation, 

with water purification correlating with increased vegetation coverage in the water (Wang L. et al., 2019). 

Flood regulation 

Low-lying wetland areas work as sinks that retain flood water. However, the actual flood regulation performance 

and storage capacity of WPs has not been studied yet in detail. 

Air regulation  

Theoretically, vegetation in WPs could regulate the atmospheric CO2 and O2 balance and absorb air pollutants. 

However, there is no quantitative survey on air regulating service in WPs in Guangzhou. According to 

vegetation type and area, the annual atmospheric regulation value of the Haizhu Wetland is estimated to be 

about 6.5 million CNY (Liu, 2019). 

Recreation 

The Haizhu National WP attracts approximately 10 million visitors. It is estimated that the recreation value of 

Haizhu National WP is about 507 million yuan per year (Liu et al., 2019). About 14.5 million people used 

Liwan LP in 2009, for taking walks, sitting, exercising and watching Cantonese Opera (Zhang and Huang, 2016).  

Environmental Education 

Information is provided to visitors through signs which convey information about wetland functions and wetland 

habitats in WPs. Several well-known WPs with high quality habitats also hold some nature-based education 
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activities. Haizhu Wetland Nature School offers popular courses and activities, e.g. for family groups at 

weekends (Fan, Zhong and Cai, 2017). Environmental education companies provide fee-based nature study 

tours and wildlife watching activities in Haizhu National WP and Nansha WP, allowing participants to learn 

about plants, birds and insects in the daytime and amphibians at night. Most of these activities are only aimed 

at children, and there are few specific activities for adults; however, the willingness of adults to participate in 

nature observing activities is not low. From June 2019, Guangzhou Nature Observation Association organised 

a half-year wild bird observation and education activity in three WPs (i.e., Haizhu National WP, Lu LP and 

Liuhua LP); in June alone, more than 5,000 participants (mostly adults) were involved (Luo, 2019). 

4.3 Changing of ecosystem services and beneficiaries of the land 

ESs have been shifted in response to the altering land cover. Prior to the establishment of WPs, the sites of the 

current WPs were primarily agriculture land (e.g., Haizhu National WP, Wanzuitou WP), wasteland (e.g., 

Tianhe Daguan WP), and natural wetland (e.g., Nansha WP, Nangang River WP) in regions that were relatively 

unknown to the general public. The WPs that were developed from agricultural land experienced a shift from 

food providing services to more diverse services. The WPs that were reclaimed from wastelands saw an increase 

in ESs. WPs transformed from natural wetland in localsô little-known locations saw an increase in cultural ESs.  

Meanwhile, beneficiaries, which considered to affects the realization of ESs (Haines-Young and Potschin, 2018), 

have also been shifted. In the past, farmers and the buyers of food benefit from the agriculture land, whereas 

ambiguous beneficiary groups could be identified for the wasteland and natural wetlands in localsô little-known 

locations due to the lack of documents. Currently, local / regional / downstream inhabitants, visitors to WPs, 

and a few institutions could benefit from WPs. As a trade-off, farmers lose their arable land and receive the 

same type of benefit as visitors or local residents. Notably, this thesis only covers the existing beneficiary groups; 

descendants who may benefit from ESs like habitat, climate management, and cultural heritage are not included. 

As indicated in Table 4-2, beneficiary groups of the analysed ESs from WPs were identified by a literature 

review and site visits. Beneficiary groups on-site and off-site were identified. For instance, habitat indirectly 

benefits local residents as a supporting service and as an aesthetic source for visitors (especially wildlife 

watchers). Food is the only listed provisioning service and only offered by Haizhu National Wetland Park 

(HNWP). Specifically, HNWP provides tropical fruits grown in orchards. This WP annually delivered longans 

to the social welfare institute and nursing homes in its district, and invited visitors who purchase tickets for the 

collecting activity to taste and collect longans (Haizhu Wetlands, 2016). Air regulation  that reduces respiratory 

disease is beneficial for both visitors and local residents. Climate regulation has a broader impact that benefits 

visitors, locals, and regional residents by preventing climate-related damage costs and enhancing thermal 

comfort in WPs and the city. Regulation of disturbances and water could save damage costs and benefit local 

and downstream populations. Water purification  could benefit tourists by lowering the nuisance effect of odors 

from polluted water and enhancing visual amenity, therefore benefiting visitors as well as local and downstream 

residents. The primary beneficiaries of cultural services, which include recreation, aesthetic values, 

educational values and knowledge system, and cultural heritage values, are tourists. In addition, schools 

(particularly elementary and secondary schools) and educational institutions benefit from the educational values 

and knowledge system by teaching environmental education programs in WPs. And cultural heritage values that 

demonstrate local identity and cultural icons that promote social cohesion, to the advantage of local and regional 
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residents. As a result, due to the fact that the majority of visitors are also locals, visitors to WPs have been 

designated as the priority beneficiary group for this study. 

¢ŀōƭŜ пπн .ŜƴŜŦƛŎƛŀǊȅ ƎǊƻǳǇǎ ƻŦ ǿŜǘƭŀƴŘ ǇŀǊƪǎ ƛƴ DǳŀƴƎȊƘƻǳ 
 Example goods and benefits Beneficiary groups 

Wildlife habitat Support other services 

Source of aesthetic appreciation 

Source of environmental education 

Local inhabitants 

Visitors (especially wildlife watchers) 

Food (Haizhu National WP only) fruits 

including longan, lichee, star fruit, etc. 

(Haizhu National WP only) social welfare 

institute and nursing homes that receive fruit 

donations 

Paid visitors (paid for cultivation activities) 

Air regulation Reduction in respiratory disease Local inhabitants 

Visitors 

Climate regulation Avoided climate-relevant damage costs 

Increased thermal comfort in cities 

Local and regional inhabitants 

Visitors 

Disturbance regulation Reduction in damage costs Local and downstream inhabitants 

Water regulation Reduction in damage costs Local and downstream inhabitants 

Water purification Reduction in nuisance effect of smells 

from polluted water 

Visual amenity 

Local and downstream inhabitants 

Visitors 

Recreation Recreation, fitness, destressing Visitors 

Aesthetic values Mental wellbeing Visitors 

Educational values and 

knowledge system 

Knowledge about the environment and 

nature 

Visitors 

Schools / educational institutions 

Cultural heritage values Tourism, local identity, social cohesion, 

cultural icon 

Local and regional inhabitants 



Chapter 5 Using social media to explore perceptions of ecosystem services by wetland parks in Guangzhou  

35 

Chapter 5. Using social media to explore perceptions of ecosystem 

services by wetland parks in Guangzhou 

This chapter has been published: 

Zhai, X. and Lange, E. (2020) óUsing social media to explore perceptions of ecosystem services by nature-

based solution projectsô, Landscape Architecture Frontiers, 8(3), p. 58. doi: 10.15302/J-LAF-1-020030. 

Authorsô contributions: XZ conceived and designed the study, collected and analysed data, and drafted the 

initial stages of the manuscript, with input and guidance of EL. EL commented on and provided revisions of the 

manuscript. 

5.1 Introduction 

Massive data collection from the Internet enables us to access unprecedented amounts of self-reported data 

across geographic domains in a short period of time (Sloan et al., 2020). In recent years, more and more Chinese 

citizens express their opinions, post travels, and share moments and experiences via social media such as Weibo 

and WeChat. Such self-reported data have been used to study peopleôs perception on environmental elements. 

For example, scholars modelled the perceived boundaries of the city centre and identified popular landmarks in 

Vienna (Huang, Gartner and Turdean, 2014); online feedback data were used for a post-occupancy evaluation 

of urban historic conservation areas in Beijing (Wang and Zhuang, 2019) ; photos posted on social media can 

be a source for exploring the relations between cultural ESs (e.g., aesthetics, recreation, and local identity) and 

landscape features (Oteros-Rozas et al., 2018). 

Sina Weibo, one of the most popular social media in China, is used as the data source for this research. It is a 

microblogging platform similar to Twitter. In 2019, Sina Weibo served 465 million active users monthly and 

216 million daily (Sina Weibo Data Center, 2019). Users can post texts, pictures, videos, and links openly10 , 

which are accessible to all users. The users of Sina Weibo can register their accounts as individuals and 

institutions. Institution users, in this research, include government departments, park management offices, 

public media, academic institutes, NGOs, and NPOs, which usually have a large number of followers. Apart 

from official WP management entities, other institutions do not directly involve the management or operation 

of WPs. Still, their publicity will, to some extent, reflect the management of WPs as well as citizensô feedback 

on related aspects, and could provide guidance to the public. This research compares the microblogs by 

individual and institution accounts, to probe into the similarities and differences between the general publicôs 

(i.e., individuals) perceptions of ESs, and the value of ESs expected by the professionals (i.e., institutions). 

Although a userôs comment may not cover all the perceived values or benefits of the ecosystems, what a person 

is willing to record or share could be the most noteworthy ESs. This research attempts to answer 4 questions: 1) 

What ESs do the public perceive from WPs? 2) What are the interconnections between PESs? 3) Do the public 

perceive the same ESs as what professionals identify? and 4) What factors could affect peopleôs perceptions on 

ESs? 

 

10 ¢Ƙƛǎ ǎǘǳŘȅ ŜȄŎƭǳŘŜŘ ǘƘŜ ƳƛŎǊƻōƭƻƎǎ ǘƘŀǘ ǎŜǘ ŀǎ Ϧǘƻ ƳŜ ƻƴƭȅϦ ŀƴŘ Ϧǘƻ ŦƻƭƭƻǿŜǊǎ ƻƴƭȅΣϦ ōŜŎŀǳǎŜ ǎǳŎƘ Řŀǘŀ ƳƛƎƘǘ ƛƴǾƻƭǾŜ ǇǊƛǾŀŎȅ ŎƻƴŎŜǊƴǎΣ 

ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜǎŜ Řŀǘŀ ǿƻǳƭŘ ǾƛƻƭŀǘŜ ŜǘƘƛŎǎ ŀƴŘ ōŜ ƴƻǘ ŀƭƭƻǿŜŘ ōȅ ǘƘŜ ¢ŜǊƳǎ ŀƴŘ /ƻƴŘƛǘƛƻƴǎ ŀƴŘ tŜǊǎƻƴŀƭ LƴŦƻǊƳŀǘƛƻƴ tǊƻǘŜŎǘƛƻƴ 

tƻƭƛŎȅ ƻŦ {ƛƴŀ ²ŜƛōƻΦ 

https://doi.org/10.15302/J-LAF-1-020030
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5.2 Methods 

5.2.1 Data collection 

This research used GooSeeker as web crawler to crawl the data from Sina Weibo throughout the year of 2019. 

The names of the 20 WPs were used as keywords to search the microblogs on the Advanced Search Engine of 

Weibo with their Uniform Resource Locator copied to GooSeeker for data collection. The search location was 

set as Guangdong Province, to which the City of Guangzhou belongs, to screen out the WPs with same names 

in other provinces in China (e.g., there is another Baiyun Lake Wetland Park in Shandong Province)11; only for 

those with similar names in Guangdong Province (e.g., there is another Dasha River Park in Shenzhen), the 

search location was set as Guangzhou. Text content, post date and time, user ID, and user type (individual or 

institution), were collected. The research obtained text contents of 10,633 public microblogs (picture and video 

contents will be analyzed in future studies). 

All data collection and analyses relied on anonymous data (i.e., no personally identifiable data was collected or 

analyzed) and adhered to the Terms and Conditions and Personal Information Protection Policy of Sina Weibo. 

Additionally, the GooSeeker strictly abides by the Robots Agreement.  

5.2.2 Data pre-processing 

Social media data is often noisy, unstructured, or heterogeneous (Huang, Gartner and Turdean, 2014); inevitably, 

irrelevant data will be collected because of the incorrect segmentation of the search engine. Only original 

microblogs, expressing the usersô experience, perception, or feedback of visiting the WPs, were regarded as 

órelevant dataô. Thus, the searched irrelevant microblogs and reposted messages by individuals or institutions 

were excluded manually. Duplicated messages posted by the same individual or institution were also excluded. 

However, considering different institutions have different followers, non-repost messages with the same or 

almost the same content posted by different institutions were included. 

The study further screened out the irrelevant information from the relevant microblog texts. Besides, sometimes 

cyber language causes confusion with keywords for identifying ESs. For example, the character ó ô (duck) can 

be a signpost to the refugia / habitat services (an ES), but recently microbloggers tend to use it as an alternative 

to the modal particle ó ô (óahô). Therefore, the analysis might be biased if depending merely on words filtering. 

The basic unit of meaning analysis in natural language processing is sentence, which yet is not a simple linear 

sequence of words (Dale, 2010).  

Hence, the irrelevant information of the collected relevant microblogs was also manually excluded, and the 

sentences were manually audited and coded according to their meaning.  

The categories and coding criteria of ESs (Table 5-1) were generated under the most-adopted ESs classification 

systems (Costanza et al., 2017). Each ES sub-category was coded with its corresponding category and a number. 

Microblogs that stated the value of a perceived ES as low were coded with a negative mark (-). For example, 

 

11 ¢ƘŜ ƭƻŎŀǘƛƻƴ ǎŜǘǘƛƴƎ ǳǇ ƛǎ ŦƻǊ ŀƴƻǘƘŜǊ ǊŜŀǎƻƴ ǘƘŀǘ Ƴŀƴȅ ǇŜƻǇƭŜ ǾƛǎƛǘƛƴƎ ǘƘŜ ²tǎ ƛƴ DǳŀƴƎȊƘƻǳ ƭƛǾŜ ƻǊ Ǉƻǎǘ ƳƛŎǊƻōƭƻƎǎ ƛƴ ǘƘŜ Ŏƛǘȅ ƻǊ 

ƻǘƘŜǊ ŀŘƧŀŎŜƴǘ ŎƛǘƛŜǎΦ !ŘƳƛǘǘŜŘƭȅΣ ǘƘƻǳƎƘ ǘƘƛǎ ǎŜǘǘƛƴƎ ǾŜǊƛŦƛŜŘ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ²tǎ ǎǘǳŘƛŜŘ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƘŜ ƳƛŎǊƻōƭƻƎǎ ǘƘŀǘ 

ϦŘƛǎŀōƭŜ ƭƻŎŀǘƛƻƴ ǎŜǊǾƛŎŜǎϦ Ƴŀȅ ōŜ ƻƳƛǘǘŜŘΦ 
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when a microblog described that a WP has a low aesthetics value (e.g., messy, not attractive), it was coded with 

óC2-ô (negative perception of aesthetics service); when one mentioned the harm caused by an invasive species, 

it was coded with óS2-ô (negative perception of refugia / habitat service)12.  

¢ŀōƭŜ рπм /ŀǘŜƎƻǊƛŜǎ ŀƴŘ ŎƻŘƛƴƎ ŎǊƛǘŜǊƛŀ ƻŦ 9{ǎ ŦƻǊ ƳƛŎǊƻōƭƻƎǎ 

Ecosystem Services Codes Coding Criteria ̂when a microblog mention following contents) 

P 

food P1 

name of food products that derived from plants, animals and 

microbes (e.g., crops, wild fruits, fishing); activities to harvest 

food 

water supply P2 
fresh water storage, retention and supply by watersheds, 

reservoirs, aquifers 

raw materials P3 
get raw materials, including fibre (e.g., Wood, silk), construction 

materials (e.g., lumber), fuel (e.g., firewood) and fodder. 

ornamental resources P4 collect ornamental animal and plant products for decorative use 

genetic resources P5 
genes and genetic information used for animal and plant breeding 

and biotechnology 

Bio-chemicals and natural 

medicines 
P6 get natural medicines from the ecosystem 

R 

gas regulation R1 
regulation of atmosphere chemical composity (e.g., CO2/O2 

balance, SOx levels control); the place has better air quality 

climate regulation R2 

regulation of local and global temperature, precipitation and other 

biologically mediated climatic processeŝe.g., feeling cooler in 
ecosystems) 

disturbance regulation R3 
e.g., storm protection, flood control, drought recovery, hurricane 

reduction 

water regulation R4 
the timing and magnitude of runoff, flooding and aquifer recharge, 

(e.g., Natural irrigation, drought prevention) 

water purification  R5 
filter out and decompose organic wastes or nutrients introduced to 

water related ecosystems; better water quality /cleaner water 

erosion control and 

sediment retention 
R6 

soil retention (e.g., prevention of landslides; prevention of loss of 

soil by wind, runoff, or other removal processes; storage of silt in 

lakes and wetlands) 

Soil formation R7 
soil formation process (e.g., weathering of rock and the 

accumulation of organic material) 

Pollination R8 
movement of floral gametes for the reproduction of plant 

populations 

biological control R9 
disease regulation, pest regulation, Trophic-dynamic regulations 

of populations (predator control) 

noise reduction R10 noise reduction; quieter 

S 

nutrient cycling, 

photosynthesis, primary 

production 

S1 
the process of nutrient cycling (e.g., nitrogen fixation, phosphorus 

or nutrient cycles) 

refugia/habitat S2 
habitat for wildlife resident and transient populations; do activities 

related to wildlife 

C recreation C1 
Do recreational activities (e.g., eco-tourism, sport fishing, and 

other outdoor recreational activities) 

 

12 !ƭǘƘƻǳƎƘ ǘƘŜ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ƛƴǾŀǎƛǾŜ ǎǇŜŎƛŜǎ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ²t ǇǊƻǾƛŘŜǎ ŀ Ƙŀōƛǘŀǘ ŦƻǊ ƛƴǾŀǎƛǾŜ ǎǇŜŎƛŜǎΣ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǇǊƻǾƛŘƛƴƎ 

Ƙŀōƛǘŀǘǎ ŦƻǊ ŀ ƭƻǘ ƳƻǊŜ ƴŀǘƛǾŜ ǎǇŜŎƛŜǎ ƛǎ ǊŜŘǳŎŜŘ ŎƻƴǎƛŘŜǊŀōƭȅ (Charles and Dukes, 2007)Φ CƻǊ ŜȄŀƳǇƭŜΣ aƛƪŀƴƛŀ ƳƛŎǊŀƴǘƘŀ ŀƴŘ .ƛŘŜƴǎ 

ŀƭōŀΣ ŎƻƳƳƻƴ ƛƴǾŀǎƛǾŜ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ƛƴ DǳŀƴƎȊƘƻǳΣ ŎƻǳƭŘ ǘƘǊŜŀǘŜƴ ǘƘŜ ǎǳǊǾƛǾŀƭ ƻŦ ƴŀǘƛǾŜ Ǉƭŀƴǘǎ ŀƴŘ ǊŜǎǳƭǘ ƛƴ ŀ ǊŜŘǳŎǘƛƻƴ ƛƴ ōƛƻŘƛǾŜǊǎƛǘȅΦ 
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aesthetic values C2 enjoy beautiful scenery or fragrance 

cultural diversity C3 landscape features that reflect regional culture 

spiritual and religious 

values 
C4 Regard the place as a religious or sacred place. 

educational values and 

knowledge system 
C5 

Gain knowledge from the wetland park (i.e., Formal and informal 

education) 

social relations C6 

organizing or attending events to interact with other people or 

make friends; mark the places recommended by web celebrity and 

share with friends to gain social belongings 

cultural heritage values C7 
Landscape features that reflect local history, traditions and 

wisdom 

inspiration C8 get inspiration for art, poems, and so on 

sense of place C9 
A personôs special experience in a specific environment (feeling 

stimulating, happy, etc.)  

Ecosystem Disservices ES- 
functions of ecosystems that are perceived as negative for human 

well-being 

Abbreviations:  

P: provisioning services; R: regulating services; S: supporting services; C: cultural services 

5.2.3 Analysis of the popularity of wetland parks 

This analysis audited the occurrence frequency of various WPs (i.e., microblogs relevant to WPs). Generally, 

the higher the relative occurrence frequency of a WP on Weibo is, the more popular it will be (Teng et al., 2015). 

Thus, in this study, the popularity, i.e., the relative occurrence frequency of each WP was obtained by dividing 

total relevant microblogs by its area. The names (Bureau of Forestry and Landscaping of Guangzhou 

Municipality, 2017, 2018), wetlands types, and area of WPs were sourced from official documents (including 

masterplans) of each WP. To examine whether the ESs occurrence is correlated to popularity, the proportion of 

microblogs which mentioned ESs associated with relevant microblogs was also counted. The influence of 

wetland type was also examined. Furthermore, the location data (i.e., longitude and latitude) of the WPs, 

sourcing from Baidu Map13 were processed with ArcMap to visualize the spatial distribution and the popularity 

of the WPs. 

5.2.4 Semantic analysis  

Semantic analysis of the microblog texts relevant to each ES in a WP was conducted by using Python 3.7 to 

identify the key factors (i.e., keywords for perception) that affect the perception of ESs. All microblogs relevant 

to an ES sub-category in a WP were analyzed as an analysis unit.  

Unlike English, which delivers text in the form of words neatly delimited by spaces, Chinese texts require first 

a segmentation process to identify the words that make up an utterance (Dale, 2010). Jieba, a Chinese word 

segmentation module in Python 3.7, was used in this study. Although Jieba can recognize and record new words, 

editing customized terms (i.e. user dictionary) ensures a higher audit accuracy (Song, Huang and Wang, 2019). 

Text sets sometimes contain high-occurrence but meaningless words, which causes noise and increases the 

confusion between texts. Using these meaningless words to construct a stop-word dictionary can increase 

keyword density and make the keywords more concentrated and prominent (Chen, 2005). 

 

13 .ŀƛŘǳ aŀǇ ƛǎ ŀ ǿŜō ƳŀǇǇƛƴƎ ǎŜǊǾƛŎŜ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴ /Ƙƛƴŀ ǘƘŀǘ ƻŦŦŜǊǎ ǘƘŜ ǿƛŘŜǎǘ ŎƻǾŜǊƛƴƎ ŀƴŘ ŘȅƴŀƳƛŎ ƳŀǇ ƛƴŦƻǊƳŀǘƛƻƴΦ 
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According to the microblog contents, this study manually expanded the user dictionary, stop-word dictionary, 

and synonym dictionary, to improve the accuracy and validity of the segmentation (Pan, 2019). The user 

dictionary is constituted of proper nouns (e.g., names of scenic spots, animal and plant species, technological 

terms), idioms (e.g., visitors in a steady stream, ó Ҍ ô), and phrases (e.g., storm water regulation and 

retention, ó ô). The stop-word dictionary includes function words (i.e., adverbs, connectives, structural 

particles, modal verbs and particles, conjunctions, prepositions, and quantifiers) and some notional words (i.e., 

names of WPs; names of districts, cities, regions, and countries; dates; time). The synonym dictionary consists 

of different expressions with the same meanings. 

The text data was visualized in form of a word cloud with the WordCloud Library in Python 3.7. Important text 

information was accurately and quickly extracted (Pan, 2019). The most frequent 20 words of each WP were 

extracted and visualized in this research. 

5.2.5 Interconnections among perceived ecosystem services 

Association rule mining was then conducted to explore the interconnections between the PESs. The association 

rule is óan expression of the form XŸY that whenever X seems, Y also tends to appearô (Mythili and Mohamed 

Shanavas, 2013)14. Here, the Frequent-Pattern growth (FP-growth) algorithm, the most efficient algorithm to 

identify frequent item sets for association rule mining (Yuan and Ding, 2012), was adopted. 

The output of the FP-growth algorithm is an FP tree. The root node is an empty set, and each node is a single 

element, which stores its occurrence frequency in the dataset. Besides, the nodes with similar elements are inter-

connected by links, which can be regarded as a linked list. A same element can appear multiple times in the FP 

tree, corresponding to different frequent item sets depending on the location15 . In this research, the FP tree was 

built with Python 3.7 according to a script proposed by Peter Harrington (Harrington, 2012). 

5.3 Results 

5.3.1 Dataset description 

In total, 10,633 microblogs generated in 2019 were crawled; approximately 50% of them (5,358) posted by 

3,602 individuals and 125 institutions were audited as relevant. Specifically, 112 individuals posted more than 

one message for a single visit; 275 individuals posted about a same WP more than once; 43 individuals posted 

more than one microblog for one trip and visited a same WP for more than once; and 172 individuals posted 

about more than one WP (90% of these individuals visited two WPs). Among the relevant microblogs, on 

average, 46% mentioned ESs in each WP. As shown in Table 5-2, among the 20 examined WPs, 4 were not 

open to the public in 2019, and only 6 had enough relevant microblogs (> 100) for analysis, i.e. Haizhu National 

 

14 Initially association rule mining was used to identify the inner links between different goods that customers 

bought to understand customer buying habits. It has been widely used in relational databases, data warehouses, 

and text databases (Source: (Agrawal, ImieliŒski and Swami, 1993)) . 

15 CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ŘŀǘŀǎŜǘ ϑ!Σ .Σ /Σ 5ϒΣ ϑ!Σ 5ϒΣ ϑ!Σ .Σ /ϒΣ ϑ.Σ /ϒΣ ϑ.Σ 5ϒΣ ŀƴŘ ϑ!Σ .ϒΣ ! ŀǇǇŜŀǊǎ п ǘƛƳŜǎΣ ǿƘƛŎƘ ƛǎ ŜȄǇǊŜǎǎŜŘ ŀǎ ϑ!Υ пϒΤ ŀƳƻƴƎ 

ǘƘŜǎŜ п ǘƛƳŜǎΣ . ŀǇǇŜŀǊǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ о ǘƛƳŜǎΣ ǿƘƛŎƘ ƛǎ ŜȄǇǊŜǎǎŜŘ ŀǎ ϑ!Υ пΣ .Υ оϒΦ IŜǊŜΣ .Υ о ƛǎ ǘƘŜ ōǊŀƴŎƘ ƻŦ !Υ пΦ 
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Wetland Park, Baiyun Lake Wetland Park, Tianhe (Daguan) Wetland Park, Huadu Lake Wetland Park, Nansha 

Wetland Park, and Gualyu Lake Wetland Park, which are scrutinized in this study. 

5.3.2 Popularity of wetland parks 

Throughout the year, the popularity of each WP varied considerably. As can be seen from Table 5-2 and Figure 

5-1, among the 5 relatively popular WPs (popularity > 0.5) regarding the 6 WPs, 4 are located in the central 

area of Guangzhou and the other, Nansha Wetland Park, is situated at the city border; 5 of them are with inland 

constructed open water bodies, including lakes, reservoirs, and ponds. Less attention was paid to riverine and 

coastal WPs. According to Figure 5-1, no obvious conclusion could be made about the relation between the rate 

of mentioned ESs (i.e., microblogs mentioned ESs divided by total relevant microblogs) and the popularity of 

the WPs16 . 

 
CƛƎǳǊŜ рπм ²ŜǘƭŀƴŘ tŀǊƪǎ ƛƴ DǳŀƴƎȊƘƻǳ ŀƴŘ ǘƘŜƛǊ ǇƻǇǳƭŀǊƛǘȅ

 

16 ! ōƛǾŀǊƛŀǘŜ tŜŀǊǎƻƴ /ƻǊǊŜƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎ ǿŀǎ ŀƭǎƻ Ǌǳƴ ƛƴ {t{{Φ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ǿŀǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ό{ƛƎΦ Ґ лΦрпуύΦ 
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¢ŀōƭŜ рπн hǾŜǊǾƛŜǿ ƻŦ ǿŜǘƭŀƴŘ ǇŀǊƪǎ ƛƴ DǳŀƴƎȊƘƻǳ ŀƴŘ ǊŜƭŀǘŜŘ ƳƛŎǊƻōƭƻƎǎ ǘƻ ǘƘŜƳ 

NO Name Type Area 

(ha) 

Relevant 

Microblogs 

popularity Microblogs 

Mentioned 

ESs 

ESs 

mentioned 

rate 

Master Plan] Photo 

1 Haizhu 

National WP 

artificial lake, 

river,  

orchard fish ponds 

891 2538 2.85 1201 47.32% 
  

2 Baiyun Lake 

WP 

artificial lake 187 904 4.83 335 37.06% 
  

3 Daguan/Tianhe 

WP 

reservoir and 

ponds 

46.8 756 16.15 325 42.99% 
  

4 Huadu WP artificial lake, 

riverine 

256.6 606 2.36 359 59.24% 
  

5 Nansha WP coastal, 

mangroves 

376 234 0.62 122 52.14% 
  

6 Gualyu Lake 

WP 

artificial lake 307 109 0.36 94 86.24% 
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ό/ƻƴǘƛƴǳŜŘύ 

NO Name Type Area 

(hm2) 

Relevant 

Microblogs 

popularity Microblogs 

Mentioned 

ESs 

ESs 

mentioned 

rate 

7# Fenghuang 

Lake WP 

artificial 

lake 

34 55 1.62 31 56.36% 

8# Beigang WP riverine, 

artificial 

lake 

38.4 2 0.05 0 - 

9# Fengyunling 

WP 

artificial 

lake, riverine 

33.69 2 0.06 8 80.00% 

10# Hezhizhou 

WP 

riverine 7 14 2.00 11 78.57% 

11# Haiou Island 

Mangrove 

WP 

coastal, 

mangroves 

186 11 0.06 9 81.82% 

12# Dasha River 

WP 

riverine 55 1 0.02 0 - 

13# Nansha 

Coastal 

Greenway 

WP 

coastal, 

mangroves 

13 1 0.08 1 100.00% 

14# Nangang 

River WP 

riverine 15 0 0.00 0 - 

15# Liuxi Spring 

WP 

riverine 46 0 0.00 0 - 

16# Shimalong 

WP 

reservoir 22 0 0.00 0 - 

17* Baihaimian 

WP 

artificial 

lake 

110.5 1 0.01 0 - 

18* Wanzuitou 

WP 

artificial 

lake 

19.5 1 0.05 0 - 

19* Chikan WP riverine, 

artificial 

lake 

61 0 0.00 0 - 

20* Cao River WP riverine 28 0 0.00 0 - 

NOTE 

1.  Information of the WPs were sourced from Ref. [27][28]; site plans of the WPs were sourced from Google 

Earth; and photos of the WPs were shot by the authors; 

2. ó#ô means WPs with insufficient data for analysis, ó*ô means WPs that were not open to the public in 2019. 

5.3.3 Perceived ecosystem services in wetland parks 

Figure 5-2 presents the results of the percentage frequency of PESs in the 6 WPs, by both individuals and 

institutions. The percentage frequency is the microblogs which mentioned a given ES divided by the total 

number of microblogs that mentioned ESs. 8 types of ESs, namely water supply (P2), raw material (P3), genetic 

resource (P5), soil formation (R7), pollination (R8), biological control (R9), nutrient cycling, photosynthesis, 

and primary production (S1), and spiritual value and religious value (C4), never mentioned by any of the 

relevant microblogs. Cultural services were the most PESs: 1) 35.0% ~ 66.4% of the microblogs mentioned 

recreation (C1) in each WP; comparatively, the recreation services of the Nansha Wetland Park had the lowest 

percentage frequency of PESs; 2) In terms of aesthetics services (C2), Tianhe (Daguan) Wetland Park had the 
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highest percentage frequency (73.5%), while Baiyun Lake Wetland Park, Huadu Lake Wetland Park, Nansha 

Lake Wetland Park, and Gualyu Lake Wetland Park had a lower percentage frequency (less than 22.0%); 3) 

9.0% ~ 25.5% of the microbloggers who PESs in the WPs mentioned about social relation services (C6); 4) The 

percentage frequencies of perceived education and knowledge system services (C5) and sense of place services 

(C9) were less than 5% in all WPs; and 5) Cultural diversity (C3), cultural heritage (C7), and inspiration (C8) 

were rarely perceived in most WPs. 

Only a minority of the microbloggers (less than 10%) perceived provisioning, regulating, and supporting 

services as noteworthy. The provision of food (P1) was mostly perceived in the Gualyu Lake Wetland Park and 

relevant microblogs were mainly about fishing activities. The provisioning services of ornamental resources 

(P4) and natural medicines (P6) were rarely perceived as noteworthyðonly two individual microbloggers 

showed the collages made with fallen leaves collected from the Haizhu National Wetland Park and Huadu Lake 

Wetland Park; another individual posted the bookmark made with the flowers collected from the Haizhu 

National Wetland Park; a microblog recorded the medical use of Plumeria rubra found in the Huadu Lake 

Wetland Park. The percentage frequency of perceived air quality regulation (R1) was relatively high across all 

the regulation services. Disturbance regulation (R3) and water purification (R5) services were little perceived, 

even in WPs designed for flood control and water purification, such as Tianhe (Daguan) Wetland Park. Noise 

reduction (R10) was casually perceived in all the 6 WPs. Water regulation (R4) as well as erosion control and 

sediment retention (R6) were only perceived once in Haizhu National Wetland Park and Nansha Wetland Park. 

The perception of refugia / habitat services (S2) showed a vast disparity among the 6 WPs: 70.5% for the Nansha 

Wetland Park, while only less than 5.0% for the Tianhe (Daguan) Wetland Park, Huadu Lake Wetland Park, 

and Gualyu Lake Wetland Park. 

Although the percentage frequency of perceived ecosystem disservices (ESï), i.e., the negative impacts on 

human well-being accompanied the ESs, was low, it was sometimes perceived in all the WPs. 

 
CƛƎǳǊŜ рπн tŜǊŎŜƴǘŀƎŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǇŜǊŎŜƛǾŜŘ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ƛƴ ǘƘŜ ǎƛȄ ǿŜǘƭŀƴŘ ǇŀǊƪǎ 

5.3.3.1 Interconnections among Perceived ecosystem services  

The analysis of association rules (Figure 5-5) shows a strong interconnection between aesthetics (C1) and 

recreation (C2) services in 5 of the 6 WPs (except the Nansha Wetland Park). Sometimes social relation services 

(C6) were related to recreation services (C1): 31 times in Haizhu National Wetland Park, 11 times in Baiyun 
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Lake Wetland Park, 26 times in the Tianhe (Daguan) Wetland Park, and 27 times in Huadu Lake Wetland Park. 

In Tianhe (Daguan) Wetland Park, recreation services (C1), aesthetics services (C2), and social relation services 

(C6) were mentioned 17 times simultaneously. In Haizhu National Wetland Park and Nansha Wetland Park, 

refugia / habitat services (S2) were often perceived along with aesthetics services (C2). Sometimes, air quality 

regulation service (R1) and recreation (C1) or aesthetics (C2) services were perceived simultaneously (for R1 

and C1: 13 times in Haizhu National Wetland Park, 6 times in Huadu Lake Wetland Park; for R1 and C2: 12 

times in Haizhu National Wetland Park). The interconnections among other ESs were not obvious (i.e., 

frequency less than 6 times). 

5.3.4 Individualsô Perceptions versus Institutionsô Publicity  

Figure 5-3 and compares the percentage frequency of PESs by individuals and institutions. The percentage 

frequency of perceived recreation services (C1) ranked top for both individuals and institutions, seconded by 

aesthetics services (C2); whereas, the disparity between individuals and institutions was significantð33.1% 

versus 93.3% and 23.3% versus 73.7%, respectively. The other two most frequently mentioned ESs were refugia 

/ habitat services (S2) (perceived by 7.7% of individuals and 64.8% of institutions) and social relation services 

(C6) (perceived by 8.5% of individuals and 58.1% of institutions). 26.8% of microblogs posted by institutions 

mentioned the education and knowledge system service (C5), which was rarely perceived as noteworthy by 

individuals (0.7%). This study further selected three ESs, namely recreation (C1), aesthetics (C2), and refugia / 

habitat (S2), due to the sufficient data collected, to compare the perception differences between individualsô 

perception and institutionsô publicity throughout the year. There was no obvious monthly distribution pattern 

found in frequency of PESs. The ratio of the number of microblogs posted by institutions, compared with 

individuals, is higher in refugia / habitat services (S2), especially in the Nansha Wetland Park and Baiyun Lake 

Wetland Park. In Baiyun Lake Wetland Park, the number of microblogs related to negative perception of refugia 

/ habitat services (marked with óïô) was high, especially indicated by individuals. Institutions posted little about 

ESs in the case of Gualyu Lake Wetland Park. 

 
CƛƎǳǊŜ рπо hǾŜǊŀƭƭ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇŜǊŎŜǇǘƛƻƴǎ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴǎΩ ǇǳōƭƛŎƛǘȅ ƻŦ ǊŜŎǊŜŀǘƛƻƴ ό/мύΣ 

ŀŜǎǘƘŜǘƛŎǎ ό/нύΣ ŀƴŘ Ƙŀōƛǘŀǘ ǎŜǊǾƛŎŜ ό{нύ ƛƴ ǘƘŜ ǎƛȄ ǿŜǘƭŀƴŘ ǇŀǊƪǎ 
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CƛƎǳǊŜ рπп aƻƴǘƘƭȅ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇŜǊŎŜǇǘƛƻƴǎ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴǎΩ ǇǳōƭƛŎƛǘȅ ƻŦ ǊŜŎǊŜŀǘƛƻƴ ό/мύΣ ŀŜǎǘƘŜǘƛŎǎ ό/нύΣ ŀƴŘ Ƙŀōƛǘŀǘ ǎŜǊǾƛŎŜ ό{нύ ƛƴ ǘƘŜ ǎƛȄ 

ǿŜǘƭŀƴŘ ǇŀǊƪǎ 
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CƛƎǳǊŜ рπр CtπǘǊŜŜ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ǇŜǊŎŜƛǾŜŘ ƛƴ ǘƘŜ ǎƛȄ ǿŜǘƭŀƴŘ ǇŀǊƪǎ   
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5.3.5 Stimuli to ESs Perceptions 

The word cloud analyses (Figure 5-6) display the stimuli to the positive perception of ESs varied across the 6 

WPs. The larger the size of a word is, the more frequently it occurs and the more important it is. The identified 

stimuli were commonly found in the WPs but seeing a varied degree of influenceðfor instance, Ardeidae as a 

stimulus for the perceptions of refugia / habitat services(S2) was more important in Huadu Lake Wetland Park 

than in Nansha Wetland Park. Stimuli to recreation services (C1) saw a variety among different WPs, i.e., people 

reported that they took part in varied recreational activities: stimuli were more diverse in the Haizhu National 

Wetland Park and Gualyu Lake Wetland Park, compared with Baiyun Lake Wetland Park where most 

microbloggers reported about órunning.ô For individuals, ótaking photosô was the most frequently mentioned 

activity in Haizhu National Wetland Park, Tianhe (Daguan) Wetland Park, and Gualyu Lake Wetland Park; in 

Nansha Wetland Park, óboatingô was the most frequently mentioned activity. Comparatively, institutions mainly 

posted about games, events, and special recreational programs (e.g., marathon and public welfare activities). 

óPhotographyô and óflower-viewingô were the activities most frequently mentioned in the perceptions of 

aesthetics value (C2) in the WPs. Colored-leaf trees (e.g., Taxodium distichum) and flowering species (e.g., 

Zinnia elegans, Cosmos bipinnatus, Nelumbo florida, and Tabebuia chrysantha) were the stimuli for the 

perception of aesthetics services (C2) in 5 WPs, except for the Nansha Wetland Park. For the Nansha Wetland 

Park, birds, mangroves, and Phragmites australis were the most important stimuli. 

Birds were the most important stimulus for the individualsô perception and institutionsô publicity of refugia / 

habitat services (S2) in the WPs, except for the Baiyun Lake Wetland Park. Institutions mentioned a more 

diverse range of bird species. The most mentioned bird species for individuals were Anatidae in Haizhu National 

Wetland Park, Ardeidae in the Huadu Lake Wetland Park, and Platalea minor in Nansha Wetland Park. 

Butterflies, bees, and plants were also the major stimuli for some WPs. Besides, refugia / habitat services (S2) 

mentioned in the Baiyun Lake Wetland Park related mainly to the negative perception of the large invasive 

predatory fish species Atractosteus spatula (S2ï). 

Only the data collected about Tianhe Daguan Wetland Park was sufficient for the word cloud analysis of 

disturbance regulation services (R3). óSponge cityô and óecological landscapeô were the dominant stimuli for 

both types of microbloggers, revealing that there was a similarity between the publicôs perception and the 

institutionsô publicity. Suffering mosquito bites was the key factor for the perceptions of ecosystem disservices 

(ESï) in Haizhu National Wetland Park, Baiyun Lake Wetland Park, and Tianhe Daguan Wetland Park. 
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CƛƎǳǊŜ рπс ²ƻǊŘ ŎƭƻǳŘǎ ƻŦ ǇŜǊŎŜƛǾŜŘ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǿŜǘƭŀƴŘ ǇŀǊƪǎ 

5.4 Discussion 

5.4.1 Thoughts on the Perceptions of ESs in WPs  

It was found that most of the popular WPs are located in the central area of Guangzhou. The easy accessibility 

in the central area could be an explanation for this. Also, the quality of WPs and the delivered ESs could affect 

peopleôs visits. The popularity of WPs reflects publicôs preferences to some extent: the WPs with open inland 

water bodies (e.g., lakes) are more popular than the ones that only contain rivers or mangroves. A possible 
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reason might be that the public are aesthetically influenced by Chinese Fengshui ideas or traditional waterscape 

styles (Chen, 2014). This finding pointed to a research gap: although it has been proved that the presence of 

vegetation and sediment (Cottet, Piégay and Bornette, 2013), water colour and transparency (Cottet, Piégay and 

Bornette, 2013; Dobbie, 2013), and amount of water (Dobbie, 2013) can impact peopleôs perceptions and 

preferences for wetlands, research about the impact of wetland forms is scarce. 

The research results corroborated the proposition that cultural services can be more easily and intuitively 

understood by people in the city (Andersson et al., 2015). The most interesting finding was that, although the 

refugia / habitat services (S2), were often considered to not directly benefit human well-being (Haines-Young 

and Potschin, 2010; Costanza et al., 2017), they were perceived by many people in the 6 studied WPs. Results 

were insufficient to infer whether refugia / habitat services (S2) can directly benefit human well-being or 

whether it is just because of the association with recreation (C1) and aesthetics (C2) services that many people 

perceived them as noteworthy. It is also interesting to note that ornamental resource (P4), noise reduction (R10), 

sense of place (C9), and other ESs which were little studied among previous research on ESs of wetlands or 

parks (Maltby and Acreman, 2011; Mao, Huang and Wu, 2015; Liu, 2019) were considered noteworthy in some 

WPs. Spiritual value and religious value (C4), water supply (P2), and raw material (P3) services are usually not 

considered to be provided by wetlands and WPs (Yang et al., 2008; Moore and Hunt, 2012; Zhang et al., 2019); 

this research indicated that the other 5 ESs-genetic resource (P5), soil formation (R7), pollination (R8), 

biological control (R9), and nutrient cycling, photosynthesis, and primary production (S1)-were hardly 

perceived in the 6 WPs, the perception of which is often stimulated by ecological knowledge or concerns[51] . 

Another finding was that only a minority of individuals perceived some of the expected ESs by WPs, such as 

education and knowledge system (C5) and disturbance regulation (R3). These findings may result from that the 

public often lack knowledge about ESs (Barkmann et al., 2008). Inevitably, people tend to comment more on 

visually attractive ESs, like aesthetics (C2). Thus, such a gap between the supply and demand of ESs could be 

bridged by improving public education (Martín -López et al., 2012).  

The results further showed that the recreation (C1) and aesthetics (C2) services are strongly interconnected, and 

sometimes connect to social relation (C6) or refugia / habitat (S2) services, which support the ESs bundle theory 

that ESs can repeatedly appear together (Raudsepp-Hearne, Peterson and Bennett, 2010) and be perceived 

together (Martín -López et al., 2012). However, the same interconnections are not found in other studies about 

PESs in WPs, wetlands, or NBS, because of the paucity of research on ESs bundles through social preference. 

The finding that there was no obvious interconnection among other ESs may result from the limited data 

collection; a larger amount of data is needed to verify this finding. 

This study explored the stimuli to the perception of ESs: for example, flowers and coloured-leaf trees to the 

aesthetics (C2) services, and birds, mangroves, and Phragmites australis to the refugia / habitat services (S2). 

The stimuli are varied in different WPs, and the composition and design of blue-green spaces could influence 

peopleôs perception of ESs (Jim and Chen, 2006) . Moreover, the research found the overlaps between the ESs 

that the public perceived and that the professional institutions expected. A possible explanation for this is that 

the institutions often have a greater influence on the Sina Weibo, which means that institutions can play a more 

influential role in public education about ESs. 
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5.4.2 Methodological Implications  

Existing landscape perception studies have been carried out by understanding professionals and public 

interpretations of landscape of which the studies on publicôs landscape perceptions were mainly conducted 

through visual assessment of landscape, or aural sometimes (Lange and Legwaila, 2012; Dobbie and Green, 

2013; Lindquist, Lange and Kang, 2016). In visual landscape assessment, photographs (Dobbie and Green, 2013) 

and immersive virtual reality techniques (Lim, Honjo and Umeki, 2006; Gao et al., 2019) can be used as stimuli. 

However, people perceive the environment by all senses. Only a few of studies used actual landscapes as stimuli 

for assessment, but such on-site surveys are often time-consuming and costly. Thus, this research relies on 

collecting social media usersô authentic experience to report a more realistic perception of ESs time- and cost-

efficiently. Moreover, compared with previous ESs perception studies which usually employed participatory 

mapping to identify the perceived distribution of given ESs (Fagerholm et al., 2019), or ratings on given ESs 

through questionnaires or interviews (Raymond et al., 2017; Deka, Tripathi and Paul, 2019) , this method using 

self-reported data from social media could help researchers find the ESs that have been less focused on in 

previous studies.  

Methodologically, this study first applied association rule mining to reveal the interconnections among ESs, 

instead of the hierarchical cluster analysis to explore ESs bundle distribution in large-scale spaces according to 

the land cover typologies and ESs spatial distribution (Martín -López et al., 2012; Plieninger et al., 2019) 

commonly employed in previous research. The method in this study makes it possible to explore the ESs bundle 

and interconnections among ESs without specifying the ESs spatial distribution. 

There are also some limitations to the methodology. Coding manually upon semantic analysis of sentences, 

instead of analyzing adjectives, so as to effectively extract relevant information, might compromise the 

opportunity to quantify the PESs, e.g., if using the semantic differential method. In addition, though social media 

are accessible to everyone, young adults are more likely than people of other ages to use them: Sina Weibo is 

used by about a quarter of the Chinese population, and 90% of the users are adults aged 18 to 40 (Sina Weibo 

Data Center, 2019) . In this research, using Weibo data would inevitably neglect perceptions from children 

under 18 and adults over 40 years old. Furthermore, activities specific to social programs, such as marking 

online popular places and sharing with friends, may have an impact on the results to some extent; for instance, 

the result of the perceived social relation services (C6) could be higher than using other methodology. Data 

collected over one year is not óbigô enough; multi-year comparative analysis may reveal more findings for 

understanding public perception and preferences on ESs. 

5.4.3 Suggestions on Sustainable Landscape Management  

The results in this study reinforce the future focus in planning and design to maximize the benefits for human 

well-being and ensure that these benefits could be perceived by the public, especially the overlooked ESs, such 

as noise reduction, and sense of place. And for some ESs that people can perceive, but may not be willingly 

offered by park managers (e.g., visitors picking flowers for ornamental use), design strategies to suggest proper 

ways for the public to interact with these ESs may work. In addition, when the designated ESs are less perceived, 

improving the quality of relevant landscape features may become a solution due to the interconnections among 

ESs. For instance, the synergy between aesthetic and refugia / habitat services may enhance the perception of 

the aesthetic value by improving the refugia / habitat services. 
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5.5 Chapter summary 

This chapter used social media (i.e., Sina Weibo) to access large volumes of data and provide temporal and 

geographic granularity, and gives an overview of perceptions of ESs in WPs in Guangzhou. A semantic analysis 

of microblogs was performed to understand how the public perceives the ESs of WPs in Guangzhou. This study 

explored the publicôs perceptions and compared these with the ESs as communicated by professional institutions, 

and probed into the factors that affect these perceptions. The results showed that the top ESs perceived by both 

the general public and communicated by institutions are recreation, aesthetics, social relations, and refugia / 

habitat. There is a strong interconnection between the perceptions of recreation and aesthetics services. 

Flowering plant species and coloured-leaf trees are the most important stimuli affecting perceptions of aesthetics 

services, and birds are key to the perception of refugia / habitat services.  
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Chapter 6. Perceived ecosystem services and health effects of 

wetland parks in the context of covid-19 

This chapter has been published: 

Zhai, X. and Lange, E. (2021) óThe Influence of Covid-19 on Perceived Health Effects of Wetland Parks in 

Chinaô, Wetlands, 41(8), p. 101. doi: 10.1007/s13157-021-01505-7. 

Authorsô contributions: XZ conceived and designed the study, collected and analysed data, and drafted the 

initial stages of the manuscript, with input and guidance of EL. EL commented on and provided revisions of the 

manuscript. 

6.1 Introduction  

6.1.1 Background 

Urban dwellers in China experienced profound levels of anxiety and poor perceived health during the peak of 

the COVID-19 (Peak) (Ni et al., 2021) from January to March in 2020 (shown in Figure 6-1). During the worst 

month of the Peak, many cities were locked down, and most parks were shut down. After February ­17th, some 

employees started to return to work, but non-essential travel was not encouraged. After February ­21st, when 

Chinese Society of Landscape Architecture (2020) published a Group Standard for guiding operational 

management of urban parks during the pandemic, some parks began to reopen. Subject to compliance with the 

Standards, visitors were limited to 30ï50% of the carrying capacity. Data for this study were collected from 

March 5th to March 8th, when the curve of the pandemic dropped steeply and hit the bottom in terms of new 

confirmed cases. It was just a few days before the official announcement17 of the end of the Peak on March 

12nd (Zou, 2020) , when the case numbers were similar to the end of the Peak and most epidemic prevention 

measures were lifted. 

 

CƛƎǳǊŜ сπм ¢ƛƳŜƭƛƴŜ ƻŦ ǘƘŜ /h±L5πмф ƛƴ /Ƙƛƴŀ18Σ ƳƛƭŜǎǘƻƴŜǎ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘƛǎ ǎǘǳŘȅΣ ŀƴŘ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ 
ǇŜǊƛƻŘ 

 

17  ¢ƘŜ ǎǇƻƪŜǎǇŜǊǎƻƴ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ IŜŀƭǘƘ /ƻƳƳƛǎǎƛƻƴ ƻŦ ǘƘŜ tŜƻǇƭŜΩǎ wŜǇǳōƭƛŎ ƻŦ /Ƙƛƴŀ ŘŜŎƭŀǊŜŘ ǘƘŀǘ ά/Ƙƛƴŀ Ƙŀǎ ǇŀǎǎŜŘ ǘƘŜ ŎƭƛƳŀȄ 

ƻŦ ǘƘŜ ƴƻǾŜƭ ŎƻǊƻƴŀǾƛǊǳǎ ƻǳǘōǊŜŀƪΣ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƴŜǿ ƛƴŦŜŎǘƛƻƴǎ ŎƻƴǘƛƴǳƛƴƎ ǘƻ ŘŜŎƭƛƴŜέ ƻƴ aŀǊŎƘ мнƴŘΣнлнлΦ 

18 5ŀǘŀ ǎƻǳǊŎŜΥ 5· 5ƻŎǘƻǊ /h±L5πмф tŀƴŘŜƳƛŎ wŜŀƭπǘƛƳŜ wŜǇƻǊǘ 

https://doi.org/10.1007/s13157-021-01505-7


Chapter 6 Perceived ecosystem services and health effects of wetland parks in the context of covid-19  

53 

In this study, according to the Classification Standard for Urban Green Spaces (Ministry of Housing and Urbanï

Rural Development of the Peopleôs Republic of China (MOHURD) 2017), wetland parks (WPs) include not 

only ecological parks with ówetland parksô in the name but also public green spaces containing rivers, lakes and 

other wetlands. 

6.1.2 Wetland Parks, health, and human well-being 

In this study, the broad definition of WPs is adopted. That is, wetland parks (WPs) include not only ecological 

parks with ówetland parksô in the name but also public green spaces containing rivers, lakes and other wetlands. 

6.1.2.1 Health Effects of Wetland Parks and Ecosystem Services 

Many studies have shown that natural environment can be beneficial to physical and mental health. For example, 

exercising in natural environments brings higher levels of happiness than exercising in indoor and street 

environments (Bowler et al., 2010; Olafsdottir, Cloke and Vögele, 2017). Contact with nature could affect health 

in many ways, e.g. fresh air, physical exercise, social cohesion, and stress reduction (Hartig et al., 2014). 

For most people living in cities, urban green spaces are the most (sometimes the only) accessible natural 

resource (Maller et al., 2009). Many scholars have evaluated the health effects of green spaces around the living 

environment, and found that (1) there is a positive or weak correlation between green space and obesity-related 

health (Lachowycz and Jones, 2011); (2) the higher the ratio of green space in community, the lower the risks 

of mental health risks and cardiovascular disease (Richardson et al., 2013), and the higher the self-rated health 

status (Orban et al., 2017); (3) and the ratio of urban green space in a city is negatively correlated with the rate 

of local antidepressant prescriptions (Helbich et al., 2018). It also has been proved that urban green spaces can 

promote Chinese residentsô physical activity so as to improve public health (H. Wang et al., 2019). 

Urban blue space and proximity to water also promotes human health (Crouse et al., 2018). Specific to the 

wetland ecosystems, they can promote human well-being and health by provision of safe drinking water, 

improving resilience to natural disasters, and providing medicines; but it may also harm health by spreading 

diseases and releasing pollutants (Horwitz and Finlayson, 2011). Besides, experiencing the physical and mental 

health benefits of healthy wetlands can offset some of the stress and illness associated with disasters such as 

flooding, drought, and wildfires (Sutton-Grier and Sandifer, 2019). These health benefits can be attributed to 

ecosystem services (ESs) including provisioning, regulating and cultural, helping with e.g., malignant 

neoplasms, mental and behavioural disorders, and cardiovascular disease (Oosterbroek et al., 2016). Despite 

these fragmentary evidences, the health effects of WPs - a particular type of urban wetlands - are poorly 

understood, in particular regarding how they are perceived when visited and experienced. As Scholte et al. 

(2016) suggest, understanding how people interact with ecosystems is important to foster public support for 

wetland restoration; learning how the public perceive the health benefits from wetland parks could help with 

fostering public support for urban wetland restoration. 

6.1.2.2 Perceived Health Effects 

Urban environments and their perception significantly affect residentsô self-evaluated health. Urban greening 

and infrastructure conditions are the main influencing factors (Wang, Sun and Wu, 2020). The expected benefits 

to human health, especially the expected improvement in psychological and social welfare, of visiting nature 

reserves are considered to be the main value of personal preference and choice of visiting nature reserves.  

Besides, people are increasingly aware of the positive relationship between visiting parks and nature reserves 
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and related health benefits (Romagosa, Eagles and Lemieux, 2015). Also, different people may have different 

perceptions of the health effects of the same environment, so it is of great significance to study the perception 

of the health effects of diverse populations. 

6.1.3 Objectives 

The main aim of this part of research is to (1) determine which ESs the public believes WPs supply and are vital 

to human health; (2) explore the publicôs perception of the health effect of WPs before, during, and after the 

peak of the COVID-19 pandemic (Peak); and (3) explore the impact of the epidemic and other factors on 

peopleôs perception of health effect of WPs. 

6.2 Methods 

6.2.1 Data Collection: Online Questionnaire 

The data for the study was collected nationwide in China through online questionnaires using the Tencent 

Questionnaire platform. The differences in pandemic risks across provinces were used to study the impact of 

the epidemic on perceived health effects. The questionnaire was distributed using snowball sampling on the 

social media WeChat, which has the largest number of users in China (with 1.21 billion monthly active users in 

2020) as the óseedô, from March 5th to 8th, 2020. We set the sample size to 1400 (one out of 100,000 of the 

total population of China), considering that when the sample size increases to 1000, the sharp increases in 

precision due to the growth of sample size becomes less pronounced (Bryman, 2012) . Also, after deducting 

non-wetland park users, the sample size could be large enough for a margin of error between 3 and 5 with a 95% 

confidence level (Hazra, 2017).  

Once the target number of total valid responses (1,400) was reached, data collection was stopped.19 After 

collecting demographic data, questions of ówhether you would like to visit a park/WPs after the pandemic is 

over?ô20 were asked separately; the survey would continue if the respondents indicated a willingness to visit 

WPs. At the beginning of the questionnaire and in the note of each question include óWPsô, the definition of 

WPs was given with examples of well-known WPs: The ówetland parksô in this survey include both ecological 

theme parks with ówetland parksô in their names (such as Hangzhou Xixi National Wetland Park, Suzhou Tai 

Lake National Wetland Park, Wuhan East Lake National Wetland Park, Guangzhou Nansha Wetland Park, etc.), 

as well as including parks dominated by wetlands such as rivers and lakes with good ecological functions (such 

as Shenzhen Dasha River Park, Guangzhou Lu Lake Park, Chengdu Living Water Park, etc.). Participants who 

were unwilling to visit parks and WPs were asked to give reasons, and then skip to the end of the survey. 

 

19  L ǎŜǘ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻƴ ǘƘŜ ¢ŜƴŎŜƴǘ vǳŜǎǘƛƻƴƴŀƛǊŜ tƭŀǘŦƻǊƳ ǘƻ ǎŜƴŘ ŀǳǘƻƳŀǘƛŎ ǊŜƳƛƴŘŜǊǎ ŦƻǊ ŜǾŜǊȅ рл ƴŜǿ ǊŜǎǇƻƴǎŜǎΣ 

ŀƴŘ Ƴŀƴǳŀƭƭȅ ŎƘŜŎƪŜŘ ŀƴŘ ŜƭƛƳƛƴŀǘŜŘ ƛƴǾŀƭƛŘ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ όǎǳŎƘ ŀǎ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ŀƴǎǿŜǊŜŘ ōȅ ŎƘƛƭŘǊŜƴύ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǿƛǘƘ ǘƘŜ 

ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎΦ ²Ŝ ŎƭƻǎŜŘ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ƛƳƳŜŘƛŀǘŜƭȅ ŀŦǘŜǊ ǊŜŎŜƛǾƛƴƎ мΣплл ǾŀƭƛŘ ǊŜǎǇƻƴǎŜǎ 

20  ²ƘŜƴ ǘƘŜ ǎǳǊǾŜȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘΣ ǘƘŜ ŜǇƛŘŜƳƛŎ ǿŀǎ ŜȄǇŜŎǘŜŘ ǘƻ ŜƴŘ ōȅ !ǇǊƛƭ нлнлΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŜǇƛŘŜƳƛŎ ǎǳōǎŜǉǳŜƴǘƭȅ ŘŜǾŜƭƻǇŜŘ 

ƛƴǘƻ ŀ Ǝƭƻōŀƭ ǇŀƴŘŜƳƛŎ ŀƴŘ Ƙŀǎ ƴƻǘ ȅŜǘ ŜƴŘŜŘΦ ¢ƘŜǊŜŦƻǊŜΣ ƛƴ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜΣ ϦŘǳǊƛƴƎ ǘƘŜ ŜǇƛŘŜƳƛŎϦ ǊŜŦŜǊǎ ǘƻ ǘƘŜ tŜŀƪΣ ŀƴŘ ϦŀŦǘŜǊ ǘƘŜ 

ŜǇƛŘŜƳƛŎϦ ŀƴŘ ϦǿƘŜƴ ǘƘŜ ŜǇƛŘŜƳƛŎ ƛǎ ƻǾŜǊϦ ƳŜŀƴ ϦŀŦǘŜǊ ǘƘŜ tŜŀƪϦΦ .ŜŎŀǳǎŜ ǘƘŜ ǎǳǊǾŜȅ ǇŜǊƛƻŘ ǿŀǎ ǿƘŜƴ ǘƘƛǎ ƴŜǿ ŎƻǊƻƴŀǾƛǊǳǎ ǿŀǎ ŦƛǊǎǘ 

ƛŘŜƴǘƛŦƛŜŘ ŀŦǘŜǊ ƛǘ ƘŀŘ ǎǇǊŜŀŘ ǘƘǊƻǳƎƘƻǳǘ /ƘƛƴŀΣ ŎƛǘƛŜǎ ŀŎǊƻǎǎ ǘƘŜ ŎƻǳƴǘǊȅ ƘŀǾŜ ǘŀƪŜƴ ǘƘŜ ǎŀƳŜ ŜǇƛŘŜƳƛŎ ǇǊŜǾŜƴǘƛƻƴ ƳŜŀǎǳǊŜǎ ŀǘ ŀƭƳƻǎǘ 

ǘƘŜ ǎŀƳŜ ǘƛƳŜΦ 
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For respondents who would like to visit WPs, questions about the frequency of visit before and after the 

pandemic were asked: (1) óIf wetland parks were not closed during the epidemic, and your community and 

nearby roads were not closed, would you visit wetland parks?ô; (2) óAfter the outbreak, how often do you think 

you will visit wetland parks?ô; (3) óAfter the epidemic, what do you think is the reason why your frequency of 

visiting wetland parks would be increased or decreased (Please skip this question if you would not change your 

frequency of visits)?ô The survey continued only when a respondent had been to wetland parks in the year before 

the outbreak. Also, respondents were asked to name their favourite WP, and reasons why this WP was preferred 

was asked using a multiple-choice question with an óothersô option for the participants to respond. 

These were followed by a set of questions about willingness to visit WPs during the Peak: (1) óIf the wetland 

park was not closed during the epidemic, and your community and nearby roads were not closed, would you 

visit wetland park? (a single choice question)ô; (2) óWhether the wetland park you usually go to, or you last 

visited has been reopened? (a single choice question)ô; (3) (multiple choice question with óotherô option only 

for respondents who chose the option óit has been opened orderly and you have been toô in the last question) 

óAfter the orderly opening of wetland parks, even the procedures are complicated, and masks are needed, why 

do you still visit the wetland parks?ô 

Other independent variables (influencing factors at four levels) and dependent variables (perceived health 

effects related to WPs) were collected, as described in the following sections. Respondents spent an average of 

6.5 minutes filling out the questionnaire. Two rounds of pre-tests were conducted before March ­5th to ensure 

that respondents correctly understand the questionnaire. 

6.2.1.1 Dependent Variable: Perceived Health Effects Associated with Wetland Parks 

This study uses perceived health benefits or risks as dependent variables to characterize the impact of WPs on 

health perceived by citizens. A seven-point Likert Scale was used to evaluate the perceived mental and physical 

health effects of visiting WPs before, during, and after the Peak. Respondents were asked óBefore/During/After 

the Peak, what do you think will be the impact of visiting WPs on your physical/mental health?ô respectively. 

6.2.1.2 Independent Variables: Factors of Perceived Health Effects 

This study included four levels of variables, namely city, community, WPs, and individual levels. 

(1) City Level 

During the Peak, the severity of the epidemic situation (i.e., the numbers of cumulative confirmed cases, newly 

confirmed cases and deaths) varied among provinces and cities in China, leading to different epidemic risks and 

emergency policies. These may affect the perceived health effects of WPs. The Response Level to Public Health 

Emergency (RLPHE) in a given region on a single day can reflect the risk level of an outbreak in that region on 

that day. The investigation period was at the end of the Peak, and some areas where the outbreak was not severe 

(i.e., there were not many confirmed cases and there had been no newly confirmed cases for a while) have 

lowered the RLPHE. 

By asking about the main cities of residence at the peak of the epidemic, and according to the RLPHE of all 

provinces and cities across the country on March ­6th (midpoint in the sampling period), these cities were 

classified into three categories: first-level response, namely the highest risk; second-level response, high risk; 

third-level response, medium risk. 
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(2) Community Level 

During the Peak, many communities in cities with higher epidemic risk levels were locked down. Some 

communities were entirely locked down, and quarantine was required. Some communities were semi locked 

down, where residents could leave their homes and do activities in the communities, but could not go out of the 

community unless necessary. In low-risk cities, the communities were not closed. Information on the degree of 

community lockdown during the Peak was collected using a single-choice question. 

(3) WPs Level 

(a) Health Effects of Wetland Parks 

Respondents were asked about the name of the wetland park they often visited or their favourite and why they 

like this WP. The WPs that the participants visited most or their favourites were coded according to the main 

wetland types they contain (e.g., lakes, rivers, coast, swamp), and the correlation analysis of preferred wetland 

types in the same corresponding level of regions with health effect perception (measured in Section 6.2.1.1) was 

carried out to study the perceived health effects of preferred wetland types. 

(b) Health Effects of Ecosystem Services 

This study explored the PESs from WPs and the health effect of these PESs, by asking participants to make 

multiple choices for PESs first, and then ranking their choices according to importance to the improvement of 

their physical and mental health. ESs including habitat, water purification, air purification, noise reduction, 

flood regulation, recreation, aesthetics, education, and social relations were involved. These examined ESs were 

selected according to previous studies on PESs in WPs (see Chapter 5). They belonged to the regulating, cultural 

and supporting category. The provisioning services were not examined in this study because WPs do not always 

deliver provisioning services (e.g., food, raw materials). 

(4) Individual Level  

This part first collected the respondentsô socio-demographic details (such as age, gender, highest education level, 

professional, occupation status, and city of residence) through five single-choice questions and two drop-down 

questions. Respondentsô self-reported physical and mental health status before and during the Peak was then 

collected through four five-point Likert scale questions. 

6.2.2 Data Analysis 

All statistical analyses were performed using SPSS Statistics 25. Descriptive statistics were used to analyze the 

respondentsô profiles. The open-ended questions were coded for descriptive statistics. Analysis of variance 

(ANOVA) and one-way T-test were used to examine whether various factors affect perceived health effects. 

Bivariate correlation analysis was used to study the correlation between self-reported health status and perceived 

health effects. 

6.3 Results 

6.3.1 Respondentsô Profiles 

The majority of the respondents were young and middle-aged (65.43% of respondents were younger than 34 

years old) and have a high level of education (graduate or higher) (Figure 6-1). 57.9% of the respondents were 

females. 63.0% of the respondents were employed, 27.8% were students, and others were retired or unemployed. 
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43.2% were engaged in architecture and built environment, and 6.14% were health experts (i.e., medical and 

nursing or psychology professionals). Respondents came from 31 provinces including 161 cities, and were 

evenly distributed in cities with the three levels of RLPHE (Figure 6-1). During the Peak, 75.3% of the 

respondents lived in semi-lockdown communities, 18.8% were quarantined at home, and 5.9% had free access 

to their homes and communities. 

  
CƛƎǳǊŜ сπн DŜƻƎǊŀǇƘƛŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎ 

6.3.2 Willingness to Visit Wetland Parks 

81.6% of the respondents were willing to visit parks after the Peak (N=͵ 1͵142). 76.9% of those who wanted to 

visit parks also wished to visit WPs (N͵= 1͵077). The main reasons for not visiting WPs were poor accessibility 

(52.3%). After the Peak, 28.2% of the respondents would increase their visiting frequency, while 55.3% of 

respondents would keep their visiting frequency (Figure 6-3). Among the 1077 respondents who wished to visit 

WPs, 110 respondents had not been to WPs in the year before the outbreak. Considering that those 110 

respondents may not be familiar with WPs, they were excluded from the following sections of survey. Thus, 

there were 967 respondents in total who took part in the whole survey (Figure 6-4). 

 
CƛƎǳǊŜ сπо CǊŜǉǳŜƴŎȅ ƻŦ ǿŜǘƭŀƴŘ ǇŀǊƪǎ ǾƛǎƛǘǎΥ ƛƴ ǘƘŜ ȅŜŀǊ ōŜŦƻǊŜ ǘƘŜ t9!YΣ ŜȄǇŜŎǘŜŘ ŀŦǘŜǊ ǘƘŜ t9!YΣ ŀƴŘ ǘƘŜ 

ŎƘŀƴƎŜ 
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¢ŀōƭŜ сπм wŜǎǇƻƴŘŜƴǘǎΩ ǇǊƻŦƛƭŜ 

 N = 

1400 
(%) 

2010 

Census 

(%) 

 N = 

1400 
(%) 

2010 

Census (%) 
 

Age Professional  

18-24 362 25.86 15.31 
architecture & built 

environment 
605 43.21   

25-34 554 39.57 18.21 art & design 129 9.21   

35-44 232 16.57 19.21 hydrology 21 1.5   

45-54 174 12.43 14.03 psychology 14 1   

55-64 65 4.64 9.34 medicine, nursing 72 5.14   

Ó65 13 0.93 7.68 agriculture/forestry 56 4   

Gender 
environmental 

science 
27 1.93   

male 590 42.14 51.14 social science 73 5.21   

female 810 57.86 48.86 Economy & finance 60 4.29   

Highest Education Level others 343 24.5   

middle school 

and below 
20 1.43 46.56 RLPHE of main place of residence  

high school 

equivalent 
80 5.71 22.43 1st level  473 33.79 34.32%  

specialized 

college 
118 8.43 11.65 2nd level 392 28.00 50.38%  

bachelorôs 655 46.79 9.37 3rd level  530 37.86 15.31%  

masterôs and 

above 
527 37.64 1.02 Community closure status  

Occupation Status totally lockdown 263 18.79 -  

student 389 27.79 - semi lockdown 1054 75.29 -  

employee 882 63 - not lockdown  83 5.93 -  

no occupation 62 4.43 -     
 

retiree 67 4.79 -     
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Whether you would like to visit a 
park after the pandemic is over?

All Respondents
(n=1400)

END
(n=433)

Whether you would like to 
visit a wetland park after 
the pandemic is over?

Respondents 
Group A
(n=258)

In the year before the 
outbreak, how often did 
you visit wetland parks?

Respondents 
Group B
(n=1142)

Respondents 
Group C
(n=65)

Respondents 
Group D
(n=1077)

YESNO

YESNO

Respondents 
Group F
(n=967)

Respondents 
Group E
(n=110)

never been there

once in more than half a year
once every 4-6 months
once every 2-3 months
once a month
2-3 times a month
multiple times a week

Continue to finish the entire survey
(n=967)

 
CƛƎǳǊŜ сπп wŜǎǇƻƴǎŜǎ ŦƛƭǘŜǊǎ 

 

A total of 109 respondents had visited WPs (e.g., Figure 6-5) since they reopened after the peak of the epidemic 

within two weeks. Fresh air (57.8%), physical exercise (43.1%), and exposure to nature and wildlife habitats 

(42.2%) were the main motivations. óWPs are sparsely populated with low risk of infectionô (36.7%), óBasking 

in the sun and enjoy the breezeô (35.8%) and óenjoy the beautiful sceneryô (29.4%) were important driving 

factors. 
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6.3.3 Dependent Variables: Perceived Health Effects 

The set of health-relevant scale items passed the reliability test (Cronbachôs alpha͵= 0͵.797) and the validity 

test (KMO measure of sampling was adequate (=0͵.732), and Bartlettôs test of sphericity was significant (P͵=

0͵.000)). The results (Figure 6-6) show that people perceive health benefits from WPs; even during the peak of 

the epidemic when the perceived benefits were the lowest, benefits still outweigh potential risks. The perceived 

benefits of visiting WPs on mental health were higher than that on physical health, especially during the peak 

of the epidemic. The perceived health benefits expected after the Peak were slightly higher than before the Peak: 

approximately 70% of the respondents perceived the same level of health effects from WPs before and after the 

Peak; about 20% of the respondents believed that health benefits have increased after the Peak; in contrast, 

about 10% of the respondents assumed that perceived health benefits decreased. 

CƛƎǳǊŜ сπр ²ŜǘƭŀƴŘ ǇŀǊƪǎ ǘƘŀǘ ǊŜǎǇƻƴŘŜƴǘǎ ƳŜƴǘƛƻƴŜŘ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ όtƛŎǘǳǊŜǎ ƳŀǊƪŜŘ ǿƛǘƘ ŎƻǇȅǊƛƎƘǘ 
ŀǊŜ ǎƻǳǊŎŜ ŦǊƻƳΥ ǿǿǿΦтнлȅǳƴΦŎƻƳύ  
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CƛƎǳǊŜ сπс tŜǊŎŜƛǾŜŘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ ōŜŦƻǊŜΣ ŘǳǊƛƴƎ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ǇŜŀƪ ƻŦ ǘƘŜ /h±L5πмф ƻǳǘōǊŜŀƪ21 

6.3.4 Independent Variables 

6.3.4.1 City Level 

As shown in Table 6-2, the RLPHE of the city of residence had a significant impact on the perceived physical 

and mental health benefits during the Peak and on the perceived mental health benefits after the Peak (P<͵͵

0.05). Respondents in the second RLPHE regions perceived the highest health benefits, and those in the first 

RLPHE areas (the highest-risk area) perceived the lowest physical health benefits during the Peak and the lowest 

mental health benefits after the Peak. In contrast, respondents in third RLPHE regions (medium-risk areas) 

perceived the lowest mental health benefits during the Peak. On average, the perceived health benefits from 

WPs after the Peak were slightly higher than before the outbreak in all the three types of regions, but there was 

no significant difference in the change of perceived health benefits in these regions. 

6.3.4.2 Community Level 

The lockdown level of the respondentsô community during the Peak had a significant impact on the perceived 

physical and mental health benefits after the peak of the epidemic (P<͵ 0͵.01) (Table 6-2). Surprisingly, as the 

degree of community lockdown level increased, the expected perceived physical and mental health benefits 

after the peak of the epidemic decreased. Because community lockdown occurred after the outbreak, the 

differences in the perceived level of mental health benefits before the Peak was not considered to be caused by 

community lockdown. 

 

21 5ƛǾŜǊƎŜƴǘ {ǘŀŎƪŜŘ .ŀǊΥ ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ŜŀŎƘ ŎƻƭƻǳǊ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎ ǿƘƻ ŎƘƻǎŜ ǘƘƛǎ ŀǘǘƛǘǳŘŜ ǘƻ ǘƘŜ ǘƻǘŀƭ 

ƴǳƳōŜǊ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎΦ ¢ƘŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ ƻŦ ŜŀŎƘ ōŀǊ ƎǊŀǇƘ ƛǎ ŘƛŦŦŜǊŜƴǘΣ ŀƴŘ ǘƘŜ ǘƻǘŀƭ ƭŜƴƎǘƘ ƛǎ млл҈Φ 
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6.3.4.3 Wetland Parks Level 

(1) ESs for Promoting Perceived Health Benefits 

Most respondents thought that WPs provided habitat, recreation, air purification, and water purification services 

(Figure 6-7(a)). Habitat and water purification were the two ESs that respondents rated as having the greatest 

perceived physical and mental health benefits (habitat ranked the first and water purification ranked the second. 

Air purification was essential for physical health, and recreation was important for mental health (Figure 

6-7(b)(c)). Education and social relations were least important for promoting perceived health benefits. 

 
CƛƎǳǊŜ сπт tŜǊŎŜƛǾŜŘ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ƛƴ ǿŜǘƭŀƴŘ ǇŀǊƪǎ ŀƴŘ ǊŀƴƪƛƴƎ ƻŦ ǘƘŜƛǊ ƛƳǇƻǊǘŀƴŎŜ ŦƻǊ ǇǊƻƳƻǘƛƴƎ 

ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎ ǇŜǊŎŜǇǘƛƻƴ 

 

(2) Wetland Types 

Lake was the most popular type among the different wetland types in WPs. Wetland types did not influence the 

perception of health effects, except for the perception of physical health effects before the Peak and mental 

health effects during the Peak in regions with the 2nd level RLPHE (Table 6-3). 

 



Chapter 6 Perceived ecosystem services and health effects of wetland parks in the context of covid-19  

63 

¢ŀōƭŜ сπн LƳǇŀŎǘ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ όŎƛǘȅ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ƭŜǾŜƭύ όϝΥ tғлΦлрΣ ϝϝΥ tғлΦлмύ 

 
N=967 

before Peak during Peak after Peak 
difference: 

after-before Peak 
 physical mental physical mental physical mental physical mental 

CITY LEVEL: RLPHE of main place of residence 

1st level  314 1.63Ñ1.28 1.71Ñ1.24 0.79Ñ1.56 1.09Ñ1.50 1.81Ñ1.18 1.87Ñ1.18 0.18Ñ1.13 0.16Ñ0.89 

2nd level 260 1.82Ñ1.20 1.97Ñ1.13 1.12Ñ1.55 1.43Ñ1.43  2.01Ñ1.10 2.08Ñ1.04 0.19Ñ1.03 0.12Ñ0.87 

3rd level  389 1.74Ñ1.25 1.82Ñ1.25 0.81Ñ1.58 0.97Ñ1.60 1.86Ñ1.67 1.90Ñ1.15 0.12Ñ0.96 0.08Ñ0.89 

one-way ANOVA 
F 1.73 3.145 3.864 7.167 2.413 3.059 0.406 0.7 

P 0.178 0.043 0.021* 0.001** 0.09 0.047* 0.666 0.497 

COMMUNITY LEVEL: Community closure status 

totally lockdown 178 1.58Ñ1.30 1.60Ñ1.31 0.83Ñ1.63 1.12Ñ1.49 1.67Ñ1.25 1.70Ñ1.24 0.09Ñ1.05 0.10Ñ0.95 

semi lockdown 732 1.75Ñ1.23 1.86Ñ1.19 0.88Ñ1.56 1.14Ñ1.54 1.91Ñ1.14 1.98Ñ1.11 0.16Ñ1.04 0.11Ñ0.86 

not lockdown  57 1.81Ñ1.25 2.00Ñ1.18  1.09Ñ1.57 1.09Ñ1.53 2.19Ñ0.99 2.19Ñ0.99 0.39Ñ0.92 0.19Ñ0.91 

one-way ANOVA 
F 1.442 3.994 0.601 0.035 5.202 5.917 1.774 0.27 

P 0.237 0.019* 0.548 0.966 0.006** 0.003** 0.17 0.764 
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¢ŀōƭŜ сπо LƳǇŀŎǘ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ όǿŜǘƭŀƴŘ ǇŀǊƪǎ ƭŜǾŜƭύ όϝΥ tғлΦлрΣ ϝϝΥ tғлΦлмύ 

  before Peak during Peak after Peak 
difference: 

after-before Peak 
 N=85022 physical mental physical mental physical mental physical mental 

1st level RLPHE 
N=264         

(highest risk) 

rivers 36 1.81Ñ1.14 1.81Ñ1.24 0.92Ñ1.73 1.28Ñ1.68 1.75Ñ1.18 1.86Ñ1.27 -0.06Ñ1.12 0.06Ñ0.85 

lakes 182 1.65Ñ1.29 1.74Ñ1.24 0.96Ñ1.57 1.20Ñ1.52 1.82Ñ1.19 1.87Ñ1.18 0.17Ñ1.11 0.13Ñ0.86 

coastal/mangroves 11 1.45Ñ1.04 1.36Ñ1.21 0.73Ñ1.19 0.91Ñ1.30 1.73Ñ1.19 1.73Ñ1.19 0.27Ñ0.65 0.36Ñ0.50 

ponds 5 2.00Ñ0.71 2.20Ñ0.45 0.20Ñ1.30 0.40Ñ1.14 1.80Ñ0.45 2.00Ñ0.00 -0.20Ñ1.10 -0.20Ñ0.45 

rivers + lakes 24 1.96Ñ1.04 2.00Ñ1.02 0.58Ñ1.44 1.17Ñ1.37 2.25Ñ0.74 2.25Ñ0.74 0.29Ñ0.86 0.25Ñ0.79 

mix (Ó 3 types of wetlands) 6 1.67Ñ1.37 2.33Ñ0.82 0.33Ñ2.16 1.00Ñ1.27 2.67Ñ0.82 2.83Ñ0.41 1.00Ñ1.10 0.50Ñ0.55 

one-way ANOVA 
T 0.474 0.85 0.61 0.393 1.305 1.337 1.226 0.729 

P 0.795 0.515 0.692 0.854 0.262 0.249 0.297 0.602 

2nd level RLPHE 
N=228         

 (high risk) 

rivers 28 2.07Ñ1.02 1.93Ñ1.12 1.29Ñ1.54 1.46Ñ1.53 2.25Ñ0.93 2.21Ñ0.92 0.18Ñ0.67 0.29Ñ0.94 

lakes 81 1.70Ñ1.25 1.93Ñ1.12 1.19Ñ1.44 1.62Ñ1.32 1.96Ñ1.12 2.11Ñ1.10 0.26Ñ1.13 0.19Ñ0.95 

coastal/ 

mangroves 
32 1.47Ñ1.19 1.53Ñ1.64 1.00Ñ1.67 1.00Ñ1.57 1.66Ñ1.13 1.81Ñ1.12 0.19Ñ0.86 0.28Ñ0.85 

ponds 10 2.00Ñ1.05 2.00Ñ1.25 0.50Ñ1.90 0.60Ñ1.84 2.10Ñ0.99 2.20Ñ0.79 0.10Ñ0.32 0.20Ñ1.23 

swamps 1 - - - - - - - - 

rivers + lakes 33 1.82Ñ1.19 2.15Ñ1.09 0.85Ñ1.54 1.12Ñ1.34 2.18Ñ1.10 2.18Ñ0.98 0.36Ñ1.08 0.03Ñ0.68 

mix (Ó 3 types of wetlands) 43 2.30Ñ0.94 2.26Ñ1.00 1.37Ñ1.57 1.74Ñ1.33 2.23Ñ1.00 2.21Ñ0.99 -0.07Ñ0.70 -0.05Ñ0.69 

one-way ANOVA 
T 2.571 1.798 0.884 2.314 1.524 0.715 0.985 0.88 

P 0.028* 0.114 0.493 0.045* 0.183 0.612 0.428 0.496 

3rd level RLPHE 
N=358         

(medium risk) 

rivers 25 1.84Ñ1.21 1.80Ñ1.23 0.84Ñ1.38 1.00Ñ1.56 1.68Ñ1.18 1.68Ñ1.25 -0.16Ñ0.94 -0.12Ñ0.88 

lakes 192 1.80Ñ1.23 1.82Ñ1.25 0.81Ñ1.60 1.03Ñ1.54 1.93Ñ1.14 1.92Ñ1.13 0.13Ñ0.94 0.09Ñ0.87 

coastal/ 3 2.00Ñ1.00 1.67Ñ1.16 2.00Ñ1.00 2.00Ñ1.00 2.33Ñ1.16 2.33Ñ1.16 0.33Ñ1.53 0.67Ñ1.15 

 

22 ¢ƘŜ ƴŀƳŜǎ ƻŦ ²tǎ ŦƛƭƭŜŘ ōȅ ǎƻƳŜ ǊŜǎǇƻƴŘŜƴǘǎ ŦŀƛƭŜŘ ǘƻ ōŜ ŦƻǳƴŘ ƻƴƭƛƴŜ ŘǳŜ ǘƻ ǘȅǇƻǎ ƻǊ ǳƴŎƭŜŀǊ ŘŜǎŎǊƛǇǘƛƻƴǎΦ ¢ƘŜǎŜ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǇŀǊǘ ƻŦ ŀƴŀƭȅǎƛǎΦ 
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mangroves 

waterfall 2 2.50Ñ0.71 2.50Ñ0.71 0.50Ñ0.71 -1.50Ñ0.71 3.00Ñ0.00 3.00Ñ0.00 0.50Ñ0.71 0.50Ñ0.71 

ponds 9 1.56Ñ1.01 2.00Ñ1.00 1.56Ñ1.13 1.89Ñ1.27 2.11Ñ1.05 2.11Ñ1.05 0.56Ñ0.73 0.11Ñ0.33 

terrace 1 - - - - - - - - 

mix (Ó 3 types of wetlands) 2 2.00Ñ0.00 1.00Ñ1.41 -0.50Ñ0.71 -0.50Ñ2.12 1.00Ñ1.41 2.00Ñ0.00 -1.00Ñ1.41 1.00Ñ1.41 

rivers + lakes 125 1.73Ñ1.21 1.96Ñ1.15 0.80Ñ1.55 0.97Ñ1.56 1.84Ñ1.08 1.96Ñ1.06 0.11Ñ1.03 0.00Ñ0.90 

one-way ANOVA 
T 0.255 0.479 0.886 1.924 0.897 0.648 1.164 1.035 

P 0.957 0.824 0.506 0.075 0.497 0.692 0.325 0.402 
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6.3.4.4 Individual Level  

As shown in Table 6-4, the 45ï54 age group perceived the highest physical and mental health benefits, while 

the 18ï24 age group perceived the lowest physical and mental health benefits (P<͵ 0͵.05). Men perceived 

higher health benefits than women (P<͵ 0͵.05). Education levels and occupational status had no influence 

on the perceived health effects level before, during and after the Peak. There is a significant difference in 

the change of perceived health benefits before and after the Peak among various occupational status: 

compared with before the Peak, the temporarily unemployed and retirees perceived higher mental health 

benefits than the other two groups after the Peak (P<͵ 0͵.05). 

Groups with various professional backgrounds had significant differences in the perceived health benefits 

before the epidemic (P͵< 0͵.05); groups with environmental science backgrounds had the highest level of 

perceived health benefits. In addition, health experts (i.e., persons with medical, nursing, and psychology 

backgrounds) had significantly lower perceptions of mental health benefits before the epidemic and physical 

and mental health benefits after the Peak than other professional groups (P<͵ 0͵.05). Meanwhile, health 

experts believed that the health benefits after the Peak were slightly lower than those before the epidemic, 

which was opposite to other groups of people. 

The self-reported physical health status before the epidemic was positively correlated with the perceived 

physical health benefits before the Peak (Pearson correlation=͵ 0͵.06, P͵ < 0͵.05, see Table 6-5). The 

perceived physical or mental health benefits during and after the Peak were not statistically correlated with 

the self-reported physical or mental health status on the survey day. Also, the change of perceived health 

benefits was not statistically correlated with the change of self-reported health status. 
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¢ŀōƭŜ сπп LƳǇŀŎǘ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ όƛƴŘƛǾƛŘǳŀƭ ƭŜǾŜƭύ όϝΥ tғлΦлрΣ ϝϝΥ tғлΦлмύ 

 
N=967 

before Peak during Peak after Peak 
difference: after-before 

Peak 
 physical mental physical mental physical mental physical mental 

Age          

18-24 222 1.54Ñ1.33 1.74Ñ1.22 0.61Ñ1.63 0.92Ñ1.57 1.76Ñ1.19 1.85Ñ1.17 0.22Ñ1.29 0.11Ñ0.96 

25-34 360 1.73Ñ1.18 1.80Ñ1.19 0.82Ñ1.46 1.08Ñ1.49 1.85Ñ1.11 1.93Ñ1.10 0.13Ñ0.92 0.13Ñ0.88 

35-44 189 1.82Ñ1.18 1.84Ñ1.17 1.10Ñ1.50 1.30Ñ1.41 1.92Ñ1.14 1.92Ñ1.13 0.10Ñ0.83 0.07Ñ0.85 

45-54 141 1.82Ñ1.25 1.96Ñ1.22 1.23Ñ1.63  1.41Ñ1.55 2.02Ñ1.19 2.05Ñ1.17 0.20Ñ1.00 0.09Ñ0.68 

55-64 46 1.85Ñ1.46 1.78Ñ1.49 0.78Ñ1.76 0.98Ñ1.76 2.13Ñ1.15 2.07Ñ1.16 0.28Ñ1.26 0.28Ñ1.07 

Ó65 9 2.22Ñ1.64 2.44Ñ1.33 1.00Ñ2.35 1.33Ñ2.18 2.00Ñ1.32 2.33Ñ1.12 -0.22Ñ1.48 -0.11Ñ1.36 

One-way ANOVA 
F 1.799 1.05 3.644 2.487 1.462 0.883 0.783 0.576 

P 0.11 0.387 0.003** 0.030* 0.2 0.492 0.576 0.719 

Gender          

Male 416 1.69Ñ1.27 1.81Ñ1.24 1.06Ñ1.51 1.25Ñ1.48 1.90Ñ1.14 1.92Ñ1.12 0.21Ñ1.04 0.11Ñ0.92 

Female 551 1.75Ñ1.23 1.83Ñ1.20 0.76Ñ1.61 1.05Ñ1.56 1.87Ñ1.16 1.95Ñ1.15 0.12Ñ1.03 0.12Ñ0.85 

Independent samples T test 
F -0.812 -0.183 2.939 2.022 0.396 -0.386 1.42 -0.245 

P 0.417 0.854 0.003** 0.043* 0.692 0.699 0.156 0.807 

Highest Education Level          

Middle school and below 12 1.42Ñ1.31 1.50Ñ1.51 1.00Ñ1.76 0.58Ñ1.83 1.25Ñ1.29 1.58Ñ1.24 -0.17Ñ1.11 0.08Ñ1.38 

High school equivalent 50 1.42Ñ1.70 1.62Ñ1.59 0.86Ñ1.86 0.84Ñ1.82 1.82Ñ1.49 1.86Ñ1.43 0.40Ñ1.51 0.24Ñ1.06 

Specialized college 87 1.95Ñ1.18 1.84Ñ1.35 0.93Ñ1.72 1.15Ñ1.65 1.98Ñ1.24 2.03Ñ1.18 0.02Ñ0.83 0.20Ñ0.96 

Bachelorôs 450 1.71Ñ1.25 1.84Ñ1.22 0.86Ñ1.58 1.12Ñ1.53 1.83Ñ1.17 1.89Ñ1.16 0.12Ñ1.04 0.05Ñ0.87 

Masterôs and above 368 1.74Ñ1.18 1.83Ñ1.11 0.90Ñ1.48 1.21Ñ1.44 1.95Ñ1.04 1.99Ñ1.05 0.21Ñ0.98 0.16Ñ0.83 

One-way ANOVA 
F 1.699 0.599 0.072 1.075 1.639 0.907 1.757 1.287 

P 0.148 0.664 0.99 0.368 0.162 0.459 0.135 0.273 

Occupation Status          

Student 235 1.60Ñ1.26 1.84Ñ1.15 0.69Ñ1.61 1.04Ñ1.61 1.80Ñ1.14 1.92Ñ1.14 0.20Ñ1.20 0.08Ñ0.92 

Employee 647 1.77Ñ1.22 1.83Ñ1.20 0.95Ñ1.53 1.17Ñ1.49 1.89Ñ1.15 1.92Ñ1.14 0.12Ñ0.94 0.09Ñ0.82 

No occupation 41 1.51Ñ1.36 1.71Ñ1.47 1.17Ñ1.50 1.41Ñ1.32 2.02Ñ1.17 2.10Ñ1.00 0.51Ñ1.29 0.39Ñ1.12 

Retiree 44 1.89Ñ1.37 1.68Ñ1.55 0.64Ñ1.91 0.84Ñ1.89 2.05Ñ1.22 2.07Ñ1.23 0.16Ñ1.12 0.39Ñ1.19 

One-way ANOVA 
F 1.832 0.353 2.408 1.372 0.915 0.515 2.096 3.041 

P 0.14 0.787 0.066 0.244 0.433 0.672 0.099 0.028* 

Professional          
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Architecture & built environment 432 1.78Ñ1.15 1.88Ñ1.17 0.82Ñ1.49 1.09Ñ1.44 1.91Ñ1.08 1.97Ñ1.07 0.14Ñ0.94 0.10Ñ0.93 

Art & design 81 1.35Ñ1.49 1.56Ñ1.31 0.64Ñ1.60 0.98Ñ1.59 1.74Ñ1.24 1.78Ñ1.20 0.40Ñ1.51 0.22Ñ0.96 

Hydrology 16 1.50Ñ1.27 1.69Ñ1.25 1.00Ñ1.37 1.31Ñ1.14 1.63Ñ1.46 1.69Ñ1.49 0.13Ñ0.72 0.00Ñ0.63 

Psychology 9 2.00Ñ1.23 1.89Ñ1.45 0.89Ñ2.26 1.44Ñ1.42 1.89Ñ1.27 2.11Ñ1.27 -0.11Ñ0.78 0.22Ñ0.44 

Medicine, nursing 47 1.70Ñ1.25  1.43Ñ1.33 0.66Ñ1.49 0.81Ñ1.56 1.51Ñ1.32 1.53Ñ1.28 -0.19Ñ1.04 0.11Ñ0.96 

Agriculture/forestry 45 1.44Ñ1.16 1.62Ñ1.19 1.07Ñ1.25 1.22Ñ1.43 1.67Ñ1.17 1.80Ñ1.08 0.22Ñ0.74 0.18Ñ0.81 

Environmental science 21 2.24Ñ0.83 2.33Ñ0.86 1.24Ñ1.76 1.29Ñ1.77 2.43Ñ0.68 2.38Ñ0.74 0.19Ñ0.51 0.05Ñ0.38 

Social science 51 1.53Ñ1.35 1.61Ñ1.33 0.76Ñ1.77 0.96Ñ1.71 1.75Ñ1.16 1.90Ñ1.15 0.22Ñ1.24 0.29Ñ1.17 

Economy & finance 45 2.02Ñ1.26 2.18Ñ1.10 0.91Ñ1.78 0.86Ñ1.86 2.13Ñ0.95 2.12Ñ0.96 0.11Ñ1.23 -0.02Ñ0.80 

Others 220 1.78Ñ1.32 1.89Ñ1.23 1.11Ñ1.66 1.37Ñ1.56 1.95Ñ1.23 1.98Ñ1.22 0.18Ñ1.02 0.09Ñ0.75 

One-way ANOVA 
F 2148 2.342 1.077 1.227 1.903 1.652 1.219 0.609 

P 0.023* 0.013* 0.377 0.274 0.048 0.096 0.279 0.79 

Health experts (Medical and 

nursing, psychology) 
56 1.75Ñ1.24 1.50Ñ1.35 0.70Ñ1.62 0.91Ñ1.54 1.57Ñ1.31 1.63Ñ1.29 -0.18Ñ0.99 0.13Ñ0.90 

others 911 1.72Ñ1.25 1.84Ñ1.21 0.90Ñ1.57 0.15Ñ1.53 1.90Ñ1.14 1.94Ñ1.14 0.18Ñ1.03 0.11Ñ0.88 

Independent samples T test 
F 0.155 -2.052 -0.927 -1.124 -0.081 -2.122 -2.51 0.098 

P 0.877 0.040* 0.354 0.261 0.038* 0.034* 0.012* 0.922 
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¢ŀōƭŜ сπр /ƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǎŜƭŦπǊŜǇƻǊǘŜŘ ƘŜŀƭǘƘ ǎǘŀǘǳǎ ŀƴŘ ǇŜǊŎŜƛǾŜŘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ όbҐфстΣ ϝΥ tғлΦлрύ 

Physical Health self-reported physical health status 
 before Peak current Difference: current-before 

perceived health 

benefit 

before Peak 
Pearson Correlation 0.069* - - 

Sig.(2-tailed) 0.031 - - 

during Peak 
Pearson Correlation - 0.004 - 

Sig.(2-tailed) - 0.903 - 

after Peak 
Pearson Correlation - 0.03 - 

Sig.(2-tailed) - 0.356 - 

Difference: after-before 
Pearson Correlation - - -0.004 

Sig.(2-tailed) - - 0.91 
      

Mental Health 
self-reported mental health status 

before Peak current Difference: current-before 

perceived health 

benefit 

before Peak 
Pearson Correlation 0.062 - - 

Sig.(2-tailed) 0.055 - - 

during Peak 
Pearson Correlation - -0.004 - 

Sig.(2-tailed) - 0.893 - 

after Peak 
Pearson Correlation - 0.006 - 

Sig.(2-tailed) - 0.85 - 

Difference: after-before 
Pearson Correlation - - -0.032 

Sig.(2-tailed) - - 0.314 
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6.4 Discussion 

In general, the public perceives wetlands to be beneficial for physical and mental health, which is consistent 

with the conclusion of previous studies that urban green space and blue-green space are beneficial to 

peopleôs physical and mental health (see óHealth Effects of Wetland Parks and Ecosystem Servicesô section). 

A possible reason for the lowest perceived health benefits during the Peak could be the higher risk of 

infection. Limited access to WPs during the Peak could also contribute to the low perception of health 

benefits. The increase in perceived health benefits after the Peak shows that inaccessibility to WPs for a 

period of time may improve perceived health benefits from WPs. 

On the city level, results show that a moderate epidemic risk stimulates perception of physical and mental 

health benefits from WPs. Further investigation regarding health benefits and harm perception associated 

with epidemic risks is needed to draw more precise recommendations for further improvement of WPs from 

the perspective of public health. 

On the community level, unexpectedly, the perceived level of physical and mental health benefits after the 

Peak is negatively associated with the lockdown degree of the community, suggesting that quarantine did 

not lead to an increase in health-related motivation for visiting WPs. 

In terms of WPs level, habitat services were considered to be the most important ESs that promote the 

perceived health benefits. The possible reasons are: (1) self-reported happiness is positively correlated with 

the perceived species richness of birds, butterflies, and plants (Dallimer et al., 2012) ; (2) the biologically 

diverse natural environment can improve health by exposure to a pleasant environment or encouraging 

health promotion behaviours (Lovell et al., 2014); (3) there is a strong positive correlation between 

vegetation cover and personal well-being. The relationship between human well-being and nature is weakly 

correlated with changes in species richness, bird abundance, and plant density (Luck et al., 2011). However, 

wildlife habitat was regarded as indirect health-related ES that affect human health through another service, 

and the mechanism of their effect on health is still unclear. The importance of habitat, air purification and 

recreation services align with the motivation for visiting WPs (e.g., being close to nature and wildlife habitat, 

enjoying fresh air and going out for exercises). 

On the individual level, this study has found that men perceive higher health benefits than women when 

visiting urban blue-green spaces during the Peak. There is no significant gender difference before and after 

the epidemic. This is different from the result of a previous study based on two of Canadaôs blue-green 

spaces that women usually perceive higher health well-being than men from visiting nature reserves 

(Lemieux et al., 2012). The phenomenon that housewives and the elderly are more dependent on the local 

environment and therefore are more susceptible to the local environment (de Vries et al., 2003) could be a 

possible explanation to our result that the temporarily unemployed (e.g., housewives) and retirees (e.g., the 
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elderly) perceived higher mental health benefits than the other two groups after the Peak. In addition, health 

expertsô perception of mental health benefits before the epidemic and that of physical and mental health 

after the Peak were significantly lower than other professional groups, which indicate that lay people may 

have overestimated or health experts may have underestimated the health benefits of visiting WPs. Besides, 

health experts believe that the health benefits after the peak of the epidemic are slightly lower than before 

the outbreak, while other people have the opposite view. This may be because health experts believe that 

travel after the peak of the epidemic poses a higher risk. 

This study is based on a large number of subjective responses regarding the perceived health effects of WPs. 

It does not objectively measure the health effects of WPs. Ecosystem disservices could negatively affect the 

perception of health benefits. For conducting the questionnaire, it was the assumption that there is little risk 

of infection by COVID-19 when visiting WPs after the Peak, which naturally excludes the effect of some 

infectious disease-related ecosystem disservices on health perception. Moreover, factors such as the quality, 

area, and naturalness of the WPs may affect health (Ekkel and De Vries, 2017), and perceived health benefits. 

This study is a general analysis based on national sampling. It does not provide a detailed analysis of specific 

WPs, including their quality, area, and naturalness. To control the number of questions and response time, 

this study did not use more detailed assessment scales (e.g., EQ-5D (Leidl, 2009) , General Health 

Questionnaire (White et al., 2013)) to assess health status. This could have an influence on the respondentsô 

self-reported health status. Most participants had a high level of education, suggesting that they understand 

the contents of the questionnaire well. Due to the restrictions in face-to-face survey and the suspended 

express delivery in high-epidemic-risk regions during the pandemic, face-to face and mail surveys were not 

applicable. Besides, telephone surveys were usually rejected as fraudulent calls. Thus, this study relies on 

the online survey which was the most feasible method for collecting as many data from all over the country 

as possible within a very short period of time, potentially making it difficult for the elderly and non-internet 

users to get involved. 

6.5 Chapter summary 

Chapter 6 explores the publicôs perception of the health benefits of visiting WPs and the impact of the covid-

19 pandemic on the perception. A nationwide online survey was conducted. It was found that the perceived 

benefits from visiting WPs were higher in terms of mental health than in physical health. Also, the perceived 

health benefits of WPs after the Peak were slightly higher than pre-pandemic. The results highlight that 

wildlife habitat was considered to be the most important ES that promote the perceived health benefits. 

Interestingly, the perceived health benefits of WPs by health experts appear to be lower than in other groups, 

indicating that the health benefits of visiting WPs may be overestimated by lay-people or underestimated 

by health experts. The results provide empirical evidence for managing ESs as delivered by these urban 

wetlands, in the context of covid-19 or potential future pandemics, for promoting public health. 
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Chapter 7. Ecosystem services in wetland parks: case studies 

Through case studies, this chapter aims to achieve Research Objectives 2 to 4, namely <RO2> to determine 

the extent to which public perceptions of ESs consistent with technical understanding, <RO3> to determine 

the factors that influence ESs delivery in WPs, and <RO4> to explore the relationships and interactions 

between perceptions of focal ESs. This chapter begins with an introduction to the case study sites and 

continues with a discussion of the common methodologies utilized throughout this chapter, including data 

collection procedures. The following sections are organized according to the focal ESs and their 

interrelationship. 

7.1 Case study sites 

It was discovered that nature reserves with an area greater than 42 hectares and surrounded by more than 

40% urban land cover had the highest probability of hosting native forest species and synanthropic species, 

respectively (Donnelly and Marzluff, 2004). Following a literature review and site visits of WPs in 

Guangzhou, two inland watersheds wetland parks (WPs) that larger than 42 hectares and encompassed by 

urban land cover were selected as case study sites. Further, according to studies shown in Chapter 4 and 

Chapter 5, criteria of selecting these two WPs was summarized in a flowchart (Figure 7-1). 

This chapter provide information of both case study sites, Tianhe Daguan Wetland Park (TDWP) and Haizhu 

National Wetland Park (HNWP) (Figure 7-2). The design of HNWP is a combination of traditional Chinese 

gardens and modern parks; it is well-maintained and has comprehensive facilities. While TDWP appeared 

to be wilder with fewer amenities. Majority of WPs in Guangzhou follow a similar style to that of HNWP. 

While the design group of TDWP, the TURENSCAPE, has numerous worldwide award-winning WP 

projects in China.  
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Whether the wetland park is situated in coastal area or inland watershed?

Liuxi River Congdu 
WP

Huadu Lake 
National WP

Baihaimian WP

Haizhu National WP Baiyun Lake WP

Tianhe Daguan WP

Nansha WP

Gualyu Lake WP

Fenghuang Lake WP Beigang WP Fengyunling WP Hezhizhou WP

Haiou Island 
Mangrove WP

Dasha River WP

Nansha Coastal 
Greenway WP

Nangang River WP Shimalong WP

Wanzuitou WP Chikan WP Cao River WP

Liuxi River 
Congdu WP

Huadu Lake 
National WP

Baihaimian WP

Haizhu 
National WP

Baiyun Lake WP

Tianhe 
Daguan WP Nansha WP

Gualyu Lake 
WP

Fenghuang Lake 
WP

Beigang WP Fengyunling WP Hezhizhou WP
Haiou Island 

Mangrove WP

Dasha River WP
Nansha Coastal 
Greenway WP

Nangang River 
WP

Shimalong WP

Wanzuitou WP

Chikan WP

Cao River WP

Inland watershed wetland parks

20 wetland parks in Guangzhou

Coastal wetland 
parks

Whether the wetland park was open to the public during the research period?

Liuxi River 
Congdu WP

Huadu Lake 
National WP

Baihaimian WP

Haizhu 
National WP

Baiyun Lake WP

Tianhe 
Daguan WP

Gualyu Lake WP

Fenghuang 
Lake WPBeigang WP

Fengyunling WP

Hezhizhou WP

Dasha River WP

Nangang 
River WP

Shimalong WP

Wanzuitou WP

Chikan WP

Cao River WP

YES

NO

Is there any prior research on the wetland park? (at least one 
academic article/thesis; searched on Chinese database include CNKI, 
Wanfang, VIP, CQVIP, CSCD, CSTJ, and Nssd, and on international 
database include Scopus and Web of Science)

Liuxi River 
Congdu WP

Huadu Lake 
National WP

Haizhu National WPBaiyun Lake WP Tianhe 
Daguan WP

Gualyu Lake WP

Fenghuang 
Lake WP

Beigang WP

Fengyunling WP

Hezhizhou WP
Dasha River 

WP

Nangang River WP

Shimalong WPYES

NO

Is its location easily accessible for the majority of citizens? (Public 
transit time from the city center to the wetland park does not 
exceed 1 hour.)

Huadu Lake 
National WP

Haizhu National WPBaiyun Lake WP Tianhe Daguan WP Gualyu Lake WP

Hezhizhou WP
YES

NO

Size: 187ha
Administrative level: 
municipal water supply 
and treatment utility 
company
Wetland types: lake, 
stream
Design style: 
conventional

Size: 891ha
Administrative level: 
district government
Wetland types: lake, 
river, stream, paddy, 
high-bed low-ditch 
orchard system
Design style: 
conventional 

Size: 46.8ha
Administrative level: 
district-level 
landscaping 
management 
department
Wetland types: pond, 
reservoir
Design style: 
naturalistic

Same design style

s
e
le

ct
e
d More 

diverse 
wetland 

types s
e
le

ct
e
d

 

CƛƎǳǊŜ тπм /ǊƛǘŜǊƛŀ ƻŦ ǎŜƭŜŎǘƛƴƎ ŎŀǎŜ ǎǘǳŘȅ ǎƛǘŜǎ 
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CƛƎǳǊŜ тπн ¢ǿƻ ŎŀǎŜ ǎǘǳŘȅ ǎƛǘŜǎ όIb²tΥ IŀƛȊƘǳ bŀǘƛƻƴŀƭ ²ŜǘƭŀƴŘ tŀǊƪΣ I[Υ IŀƛȊƘǳ [ŀƪŜΣ tмΥ ²ŜǘƭŀƴŘǎ tƘŀǎŜ 
мΣ tнΥ ²ŜǘƭŀƴŘǎ tƘŀǎŜ нΤ ¢5²tΥ ¢ƛŀƴƘŜ 5ŀƎǳŀƴ ²ŜǘƭŀƴŘ tŀǊƪΣ bΥ ƴƻǊǘƘ ƎŀǘŜǎΣ ²Υ ǿŜǎǘ ƎŀǘŜǎΣ 9Υ ŜŀǎǘŜǊƴ 
ƎŀǘŜǎύ 
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7.1.1 Tianhe Daguan Wetland Park 

Tianhe Daguan Wetland Park (TDWP) is located between E113°24ô - E113°25ô and N23°10ô - N23°11ô. It 

was designed in 2012 and built in 2015 and is located in the Tianhe District, where by many high-tech 

companies are located. It is a linear park approximately 120 metre wide and with a total area of 46.8 hectares. 

It consists of 23 cascade ponds and a reservoir to collect and purify stormwater. The water flows from 

northeast to southwest and then flows into a river. Area NO.9 (Figure 7-3) was not included in this study 

because it is separated from other areas by other sites. 

 

CƛƎǳǊŜ тπо ²ŜǘƭŀƴŘ ǎȅǎǘŜƳ ƻŦ ¢ƛŀƴƘŜ 5ŀƎǳŀƴ ²ŜǘƭŀƴŘ tŀǊƪ23 

The site was low-lying. Prior to its transformation into a WP, the land encompassed agricultural fields, fish 

ponds, and a reservoir; the water was polluted and the land was covered with weeds (Figure 7-4 and Figure 

7-5). The design objectives of this catchment corridor are: (1) to function as a water storage system and 

reduce flood control pressure on the downstream river; (2) to enhance the water body's quality; (3) to 

cultivate plant communities that are adapted to water conditions; and (4) to offer recreational space for 

nearby residents. (TURENSCAPE, 2018). The design strategy involved extending the texture of the water 

pond and creating 'Wetland Bubbles' (ponds) by excavating soil in the centre of the site. Footbridges and 

paths were created along the ponds (Figure 7-6). 

 

 

23 5ŀǘŀ ǎƻǳǊŎŜΥ ǎƛƎƴǎ ƻƴπǎƛǘŜ ŀƴŘ (Wang L. et al., 2019)Τ ōŀǎŜ ƳŀǇΥ DƻƻƎƭŜ 9ŀǊǘƘ 

мΦ ǎŜŘƛƳŜƴǘ ŀƴŘ ŦƛƭǘǊŀǘƛƻƴ ǇƻƴŘǎ 

нΦ ǇŀǘƘƻƎŜƴ ǇǳǊƛŦƛŎŀǘƛƻƴ ǇƻƴŘǎ 

оΦ ƘŜŀǾȅ ƳŜǘŀƭ ǇǳǊƛŦƛŎŀǘƛƻƴ ǇƻƴŘǎ 

пΦ ƴǳǘǊƛŜƴǘ ǇǳǊƛŦƛŎŀǘƛƻƴ ǇƻƴŘǎ 

рΦ ǘŜǊǊŀŎŜŘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǇǳǊƛŦƛŎŀǘƛƻƴ ǇƻƴŘǎ 

сΦ ǎǘŀōƛƭƛȊŀǘƛƻƴ ǇƻƴŘ 

тΦ ·ƛƴǘŀƴƎ wŜǎŜǊǾƻƛǊ 

уΦ ǊŀƛƴǿŀǘŜǊ ǿŜǘƭŀƴŘǎ ōǳŦŦŜǊ ȊƻƴŜ 

фΦ ǊŜǘŜƴǘƛƻƴ ǇƻƴŘǎ 
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CƛƎǳǊŜ тπп {ƛǘŜ ōŜŦƻǊŜ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ¢ƛŀƴƘŜ 5ŀƎǳŀƴ ²ŜǘƭŀƴŘ tŀǊƪΣ 5ŜŎŜƳōŜǊ нлмм ό¢¦w9b{/!t9Σ нлмуύ 

 

CƛƎǳǊŜ тπр [ŀƴŘ ǳǎŜ ŀƴŘ ƭŀƴŘ ŎƻǾŜǊ ƳŀǇ ƻŦ ŀƴŘ ŀǊƻǳƴŘ ǘƘŜ ǎƛǘŜ ōŜŦƻǊŜ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ¢ƛŀƴƘŜ 5ŀƎǳŀƴ 
²ŜǘƭŀƴŘ tŀǊƪΣ нллмπнлло όǘƘŜ ǊŜŘ Řƻǘ ƭƛƴŜ ǎƘƻǿǎ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ¢ƛŀƴƘŜ 5ŀƎǳŀƴ ²ŜǘƭŀƴŘ tŀǊƪύ 

(Guangzhou Municipal Administration of Land Resources and Housing, 2006) 

 

CƛƎǳǊŜ тπс !ƴ ŀŜǊƛŀƭ ǾƛŜǿ ƻŦ ŀ ǇŀǊǘ ƻŦ ¢ƛŀƴƘŜ 5ŀƎǳŀƴ ²ŜǘƭŀƴŘ tŀǊƪ 
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The land cover map is shown in Figure 7-7. Almost half (46.42%) of TDWP consists of water and wetlands. 

The terrestrial vegetations comprises 41.06 percent of the total cover of TDWP. Buildings and made-surface, 

such as footbridges and plazas, account up to 12.52 percent of this WP. 

It has been assessed that there are more plant species in TDWP than before it was created; the plant diversity 

of groundcover layer is rich but of tree layer is poor. And the ponds system has a substantial pollutant 

purification effect, which can greatly lower the nitrogen concentration in the catchment area (Wang L. et 

al., 2019). This is the only research assessing the performance of this WP, and other ESs have not been 

assessed. 

 

CƛƎǳǊŜ тπт [ŀƴŘ ǳǎŜ ƭŀƴŘ ŎƻǾŜǊ ƳŀǇ ƻŦ ¢ƛŀƴƘŜ 5ŀƎǳŀƴ ²ŜǘƭŀƴŘ tŀǊƪ 
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7.1.2 Haizhu National Wetland Park 

Haizhu National Wetland Park (HNWP) is located at E113°18ô -E113°2 1ô and N23°2ô -N23°5 ô, at the 

southern end of the new central axis of Guangzhou (Figure 7-8). It is the largest national wetland park in 

the central area of any megacity in China. The river network in the park is crisscrossed. It is a compound 

wetland of rivers, lakes, and orchards, with a total area of 1,100 hectares, including areas open to public 

(Haizhu Lake, wetland phases 1 and 2), areas open to research or educational groups (phase 3) and 

conservation areas (Figure 7-9). This thesis only examines the areas open to public, namely Haizhu Lake 

(HL), wetland phases 1 and 2 (P1&2), which comprised approximately 370 hectares. 

 

CƛƎǳǊŜ тπу IŀƛȊƘǳ bŀǘƛƻƴŀƭ ²ŜǘƭŀƴŘ tŀǊƪ ŀǘ ǘƘŜ ǎƻǳǘƘŜǊƴ ŜƴŘ ƻŦ ƴŜǿ ŎŜƴǘǊŀƭ ŀȄƛǎ ƻŦ DǳŀƴƎȊƘƻǳ 
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CƛƎǳǊŜ тπф aŀǇ ƻŦ IŀƛȊƘǳ bŀǘƛƻƴŀƭ ²ŜǘƭŀƴŘ tŀǊƪ24 

Tidal water in tidal rivers, in addition to precipitation, are the source of water for HNWP. The tide is irregular 

semi-diurnal, with a yearly average tide difference of less than 2.0m between high and low tide. The tidal 

range has a moderate inter-annual variance, but it has a considerable intra-annual variation (Dai et al., 2019). 

The tidal riversô low self-purification ability has resulted in the accumulation of pollution over decades, as 

well as black and smelly water and sediments (Ni et al., 2011). Therefore, the Guangzhou Water Authority 

has installed floodgates and a pumping automatic control system in the river network area where the Haizhu 

wetland is located to control the water level of the river gorge and replace the water body of the rivers: by 

using the irregular half-day tide, reciprocal flow has been turned into unidirectional flow, resulting in an 

increase in net discharge, allowing long-term reverberating sewage to be discharged on time, thus improving 

water quality (Gao, 2011) (see Figure 7-10).  

 

24 5ŀǘŀ ǎƻǳǊŎŜΥ ǎƛƎƴǎ ƻƴπǎƛǘŜΤ ōŀǎŜ ƳŀǇΥ DCπм ƛƳŀƎŜǊȅΣнлнм 
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CƛƎǳǊŜ тπмл [ŀȅƻǳǘ ƻŦ ǘƘŜ ǊƛǾŜǊ ǎȅǎǘŜƳΣ ŦƭƻƻŘƎŀǘŜǎ ŀƴŘ ǇǳƳǇƛƴƎ ǎǘŀǘƛƻƴǎ ŀǊƻǳƴŘ Ib²t 25 

Since 2010, the Haizhu District has been working on the River-Lake Linkage Project, which includes the 

excavation of Haizhu Lake. In March 2012, the State Council agreed to adopt the policy of óTransfer only 

without expropriationô26 for orchard wetlands (which was also called óthe high-bed low-ditch orchard 

systemô, Figure 7-11) for protective land acquisition. In September 2012, the Haizhu Wetland Phase 1 was 

completed. By 2014, the project had increased the water surface area and improved the water quality of the 

river by an average of 27.06% (Gao, Tang and Meng, 2015). The internal irrigation and drainage canals in 

the Phase 2 are about 5.3 kilometres long, with a width of 2-4 metres and a depth of 0.8-1.2 metres (Li and 

Chen, 2015). In February 2015, the Haizhu Wetland Phase 2 was completed. The number of visitors to the 

 

25 ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ ό[ǳƻΣ нлмоΤ [ǳ ŀƴŘ [ƛΣ нлмрύ 

26 ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ϦǘǊŀƴǎŦŜǊ ƻƴƭȅ ǿƛǘƘƻǳǘ ŜȄǇǊƻǇǊƛŀǘƛƻƴϦ ƛǎ ŀ ƴŜǿ ƳŜǘƘƻŘ ƻŦ ŎƻƴǾŜǊǘƛƴƎ ƴƻƴπŎƻƴǎǘǊǳŎǘƛƻƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ƛƴǘƻ ǎǘŀǘŜπ

ƻǿƴŜŘ ǇǊƻǇŜǊǘȅΣ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ƛǘǎ ƻǊƛƎƛƴŀƭ ǇǳǊǇƻǎŜ ǿƛǘƘƻǳǘ ŀƴȅ ŀƭǘŜǊŀǘƛƻƴǎΦ ¢Ƙŀǘ ƛǎΣ ǘƘŜ ƭŀƴŘ ŎƻƴǘƛƴǳŜǎ ǘƻ ōŜ ǳǎŜŘ ŦƻǊ ŦǊǳƛǘ 

ǇǊƻŘǳŎǘƛƻƴΣ ōǳǘ ǳƴŘŜǊ ǎǘŀǘŜ ƻǿƴŜǊǎƘƛǇ ǊŀǘƘŜǊ ǘƘŀƴ ŎƻƭƭŜŎǘƛǾŜ ƻǿƴŜǊǎƘƛǇΦ IŜƴŎŜΣ ǘƘŜ ƭŀƴŘ ŎƻǳƭŘ ǎŜǊǾŜ ŀǎ ǇǳōƭƛŎ ǇŀǊƪǎ ƻǊ ŜŎƻƭƻƎƛŎŀƭ 

ŎƻƴǎŜǊǾŀǘƛƻƴ ŀǊŜŀǎΦ 
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Haizhu Wetland throughout the year increased from 3.75 million in 2013 to 8.23 million in 2019. In 2017, 

the number of tour-bus departures reached approximately 720, and the number of battery boat departures 

was around 1,440. After dredging through rivers, the sediment returns to the high-bed low ditch orchard 

system, and was used as a pond mud fertilizer to be applied to various fruits (Appendix A - 3), and the total 

yield and quality were improved. The production has risen from about 21,000 tons of fruit per hectare of 

orchard in 2013 to about 24,000 tons of fruit per hectare in 2018. (Lin, 2020)  

 

CƛƎǳǊŜ тπмм ¢ƘŜ ƘƛƎƘπōŜŘ ƭƻǿπŘƛǘŎƘ ƻǊŎƘŀǊŘ ǎȅǎǘŜƳ 

In 2018, the economic value of seven ESs (including agricultural resources, water conservation, water 

purification, climate regulation, wildlife habitat, recreation, and environmental education) in HNWP was 

calculated, revealing that the total ESs value is around 114.38 million CNY per year, with provisioning and 

regulating services valued at the highest (69.35 million CNY per year), provisioning services and cultural 

services coming in second and third, respectively (33.81 million CNY and 11.22 million CNY per year) 

(Xie and Guo, 2018). 

Between 2019 and 2022, a Quality Improvement Project (QIP) was conducted in HNWP. The QIP includes 

habitat transformations involve excavation and filling works (e.g., upgrading the largest island in the Haizhu 

Lake, improving the fluctuation zone landscape of the wetland in Wetlands Phase 2, and creating habitats 

at high tide level, improvement of habitat for egrets breeding), as well as the upgrading of hardscape system 

(e.g., pedestrians, bird-watching house, scientific research room, visitor centre at the south entrance of the 

Wetlands Phase 2, etc.), and the upgrading and transformation of the forest ground cover (Dai et al., 2019). 

The area that transformed was 12.27 hectares in Haizhu Lake, 12.88 hectares in Phase 1, and 25.44 hectares 

in Phase 2; and it cost about 180 million CNY (Cai, 2021).  

The timeline of the development of HNWP is summarised in Figure 7-12. And Figure 7-13 shows the 

satellite image before the creation of HNWP. 
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2008 2022
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Sep 2011

Opening of Haizhu Lake Park

Aug 2016

Beginning of the Phase 3 project

Oct 2012

Opening of Haizhu Wetlands Phase 1

Feb 2015

Opening of Haizhu Wetlands Phase 2

Aug 2008

Proposal of transforming Haizhu Orchards  into wetlands

Jul 2010

Beginning of the Haizhu Lake Project

Jul 2020

Opening of Haizhu Wetlands Phase 3 
(only to groups of research and environmental education) 

Jun 2018

Beginning of the Quality Improvement Project
in Haizhu Lake, Wetlands Phase 1 and Phase 2

 

CƛƎǳǊŜ тπмн 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ IŀƛȊƘǳ bŀǘƛƻƴŀƭ ²ŜǘƭŀƴŘ tŀǊƪ 

Based on two Worldview-2 images that contains HNWP and its surroundings, the land use and land cover 

(LULC) map was produced (Figure 7-14 and Figure 7-15). The process of producing the LULC map is 

presented in Appendix - B Land use and land cover data preparation for case study sites.  

In 2021, 35.92% of HNWP consists of water and wetland, with a 2.09% increase in total wetland area 

compared to 2019 levels. Open water (lake and river), marsh, inter-tidal sand and mud, ditch in orchards, 

and paddy field, make up the wetland system in HNWP. Moreover, 34.70% of HNWP is comprised of 

orchards (beds alone) in 2019, decreasing to 26.03% in 2021. Currently, buildings and man-made surfaces, 

such as footbridges and pavilions, account for 9.47% of this WP; in 2019, this percentage was 8.92. Around 

0.57% of HNWP was bare surface in 2019, and decreasing to 0.35% in 2021. The rest of the place is 

woodland, open-wooded grassland, grassland, field crops. Since the majority of trees in HNWP are 

evergreen broad-leaved trees mixed with a limited number of deciduous conifer trees (i.e., Glyptostrobus 

pensilis and Taxodium distichum), this study did not distinguish between the two types of woodland. 
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CƛƎǳǊŜ тπмо [ŀƴŘ ǳǎŜ ŀƴŘ ƭŀƴŘ ŎƻǾŜǊ ƳŀǇ ƻŦ ŀƴŘ ŀǊƻǳƴŘ ǘƘŜ ǎƛǘŜ ƻŦ Ib²t ōŜŦƻǊŜ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ǘƘŜ 
ǿŜǘƭŀƴŘ ǇŀǊƪΣ нллмπнлло (Guangzhou Municipal Administration of Land Resources and Housing, 2006) 
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CƛƎǳǊŜ тπмп ƭŀƴŘ ǳǎŜ ƭŀƴŘ ŎƻǾŜǊ ƳŀǇ ƻŦ IŀƛȊƘǳ bŀǘƛƻƴŀƭ ²ŜǘƭŀƴŘ tŀǊƪ όнлмфύ 
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CƛƎǳǊŜ тπмр ƭŀƴŘ ǳǎŜ ƭŀƴŘ ŎƻǾŜǊ ƳŀǇ ƻŦ IŀƛȊƘǳ bŀǘƛƻƴŀƭ ²ŜǘƭŀƴŘ tŀǊƪ όнлнмύ














































































































































































































































































































































































































































































































