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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 urbaodtling. WPs have also been created to improve urban resilience and
enhance welbeing. However, the benefits people get from these WPs are not well understood.

This thesis examines the Chinese publicbdbs percept
parks and compares them with the ESs measured using technical knowledge. The study location is
Guangzhou, a megacity located in the Pearl River D8liangzhou 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 participan

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 pptiman of these three ESs were analysed using mixed methods including

a questionnaire, serstructured interviews, participatory mapping and a discrete choice experiment,
through a case study of two WPs in Guangzhou. For the purpose of augmenting ttie thextefisitors

receive from WPs, perceptionfluencing 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 healtienefits 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 aesthetivice, 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 providgBdssnd encourage

the development of similar urban wetlands.
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Glossary and abbreviations

Terminology Abbreviation

Ecosystem Service(s) ES(s)

Perceived Ecosystem Service(s PES(S)

Technical Understanding of TUES(s)
Ecosystem Service(s)

PerceivedWildlife Habitat PWH
service
PerceivedAesthetic Value PAV

PerceivedRecreation Service PRS

definition

The direct or indirect benefits thpeople get from
the ecosystem.

The benefits (i.e., ecosystem services) that pe
perceive and assign value to from the ecosysten

Ecosystem services thaeffered by ecosystems r
matter whether humans perceived those benefit:

The benefits that people perceive and assign v
to as a result of the habitat for wildlife residents ¢
transient populations.

The perceived benefits and value attributed to
enjoyment of beautiful scenery.

The perceived benefits and assigned value
engaging in recreational activities.

wetland

Wetland Park(s) WP(s)
Tianhe (Daguan) Wetland TDWP
Park

Haizhu National Wetland Park HNWP

This research adapts the definition by the Ran
Convention, which is the basis for national wetle
classification and survey in Chinavetlands are
Greas of marsh, fen, peatland or water, whe
natural or artificial, permanent or temporary, w
water that is static or flowing, fresh, brackish or s
including areas of marine water the depth of witt
low tide does not exceed six mefig&SC(Ramsal
Convention Secretariat), 2016)

Specific areas or parkland within the urban a
defined andadministrated for wetland protectio
restoration, education, research, ecotourism
recreation(Ministry of Housing and UrbaRural
Development of the Peojie Republic of China
2017; National Forestry and Grassla
Administration, 2017)

One of the case study sites of this thg$isChinese:
E )

One of the case study sites of this thgsmsChinese:
E )
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Quiality Improvement Project

QIP

An engineering renovation project conduci
between 2019 and 2022 to improve the quality of
HNWP.

Kruskal -Wallis H test

Mann-Whitney U test

Kaiseri Meyeri Olkin test

Geographically Weighted
Regression

K-W H test

M-W U test

KMO test

GWR

A nonparametric test used to assess whether !
are significant differences between groups of
independent variable on a continuous or ordi
dependent variable.

A nonparametric test used to assess whether f
aresignificant differences between two groups of
independent variable on a continuous or ordi
dependent variable.

A statistical measure used to assess the d
suitability for factor analysis.

A spatial statistical technique used to model
analyse the spatial relationships between varia
in geography. It is an extension of the conventic
linear regression model that takes into accc
spatial heterogeneity

emergy

synaesthesia

(spelled with arimd The amount of energy used
direct and indirect processes to create a produ
service(Tennenbaum, 2015)t is a measure of th
differences in quality between various forms
energy

A perceptual phenomenon whereby stimulation
one sensory or cognitive pathway induc
involuntary experiences in a second sensory
cognitive pathway.

Citizen Science

(ON)

An inclusive and cooperative methodology 1
scientific study, wherein individuals from tf
general public, commonly known ascitizen
scientistfHactively engage in the scientific proce:

Discrete Choice Experiment

DCE

A research method examines how individuals m
choices between options or alternatives, wikbcais
on understanding their preferences and the 4r.
offs they are willing to make in different scenario
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Discrete Choice Model

DCM

A statistical framework for analysing and modelli
individual® choices in the discrete choic
experiment.

utility

The degree of happiness or satisfaction an indivi
derives from his or her situation. Wellbeing
measuredMankiw, 2016, p. 410)

marginal utility

An increase in utility caused by a gradt
enhancement of an attribute.

Willingness-to-pay

WTP

The maximum amount that a buyer will pay fo
good(Mankiw, 2016, p. 134)

Compensating Variation

Ccv

An economic concept that measures the perce
benefit consumers received from a good or ser
before and after a policy change.

Multinomial Logit

MNL

A statistical technique in econometrics and chc
modelling to analyse and predict discrete choi
among multiple alternatives.

Random Parameter Logit

RPL

An extension of the MNLmodel by incorporating
heterogeneity through the inclusion of randor
varying individualspecific parameters.

Independence from Irrelevant
Alternatives

A

The restrictive assumption in the MNL model.
states that the ratio of choice probabilities rems
the same regardless of the presence of ¢
alternatives in a choice set.

Chinese Yuan

CNY

The official currency of the People Republic of
China.
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Chapter Introduction

Chapter 1. Introduction
1.1 Background

Human activities have resulted in the loss of at least 33 percent of thésweelthnds as of 2009. The area
affected by wetland loss has bddghest in Asia, while Europe has seen the most severe [b8sesal,

2017, p. 319)Chinas wetland area decreased by approximately 33% between 1978 and 2008, in dramatic
contrast to the 122% increase in the number of artificial wetl@fidst al, 2012, p. 2813)in the remaining

natural wetlands, ecological functions are disappearing, and the ecosystems have det@fiior&1@ai3)

Within this context, since 2004, a large number of wetland parks (WPs) have been built in China to protect,
compensate, and rationally utilise wetland resoufides 2016) Up to the end of 2017, in Chinese Mainland,

a total of 1,699 WPs based on natural wetlands have been ¢faites \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 Lakieai National Wetland Park in Suzhou); 3) imitating natural wetlands withtémh

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

The surging number of WPs can be a result of the widely held belief that the construeBseisfone 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
(Zhanget al, 2012) In addition, as a specific type of natural or rmaade wetland, WP was intended to
contribute to flood control and function as a component offpenge Citg as did the Sustainable Urban
Drainage System (SuD$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 profteiciitigersity(Lei, 2005)

The rapid growth of WPs has raised concerns, emphasising the importance of evaluating their actual role.
For example, ar®V/Psgenuinely 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 regionatultural characteristics might face difficultiés meeting both ecological and cultural
requirement$Zhang, Zhou and Gao, 201Eurther current regulations emphasise only the aregetiands

andno other aspects of quality. In addition, it is hard to tell whether abwwWP plays a better role than

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

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

There are studies that evaluate WPs from either a biophysical or human standpoint, yet WPs contribute to
both biophysical ecosystems and human Hweihg. Considering that wetlands contribute to both
perspectives and that assessment from either perspeatilcefavour 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 restorat{@tholte et al., 2016)a more comprehensive
approachi ecosystem services (ESill be investigated.

ESs can be simply understood as direct or indirect benefits that human get from eco@ygtenmsum
Ecosystem Assessment, 200h)is a method for establishing a connection between healthy biophysical
ecosystems and human wb#ing. The effect of ESs (such as air purification, microclimate regulation,
noise reduction, rainwater drainage, sewage treatment, recreational aral galues) provided by urban
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ecosystems (including wetlands) on the quality of urban living was highlightédnd and Hunhammar,
1999)
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It has been demonstrated thHz$s approaciiacilitates biodiversity conservation, decision making, site
management, and spatial planning. Biodiversity conservation does not necessarily constitutefa trade
betweendénvironmend and developmeré (de Groot et al., 2010, p. 270Jhe ESs approach aids in
biodiversity conservation by generating evidence for gaining public and policy support, enhancatgehe
of protected areas, and sustaining managed ecosystems beyond protectéth@meas Redford and
Watson, 2012)The evaluation of ESs can also contribute to the process of deeiaking 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 motidiseussions and decisignaking(Daily et al, 2009)
Further, ES assessment can facilitate a shift in the way that decialars thinKPosner, Getz and Ricketts,
2016) In addition, it is significant tincorporaé ESsinto landuse and langnanagement decisionand
coupling these decisions to incentives that appropriately reflect social rétoiaskyet 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 ecodystems

are closer proximity to human sociefurthermore, there is even less research specifically addressing the
delivery of ESs by urban wetlands. A study on global wetlands found that huadewetlands are highly

valued for their positive impacts on biodiversity enhancement, water qualitgverpent, and flood control
(Ghermandet al, 2010) However, rivers and shallow lakes were excluded eir $iudy 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-stsmt and recreation aspects, while wildlife
habitat, species conservation and othes Ei@w limited attentionJim 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 wetland park P9 and human welbeing, and to understand
what roles do WPs actually playthis research aims to investigate the characteristics and influencing
factors of ecosystem serviceESs delivery in WPs, bridging the physical environmentand 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/l of the ESs outlined in t
ot her s.
2) Certain ESs are more easily recognised or deeme

Objective 2: To determine the extent to which public perceptions of ESse 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 factorghat influence ESs perception in WPs

1) Influence of | andscape characteristics:
a) Certain |l andscape characteristics enhance per
b) The same | andscape characteristics could cont

c) The current assessment framewor k for ESs ma\

background. Some | andscape features that are
ESs may not be important in thleaChsoape fcadt w
are important may be ignored in current asse:«

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) I nfluence of: temporal factors

Seasonal variations exist in the delivery of ESs. For examptégisubtropical 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 ewifts Bnddeynergies between perceptions

0
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extent .

Research Aim
Toinvestigate the characteristics and influencing factoreaafsystem services (E8glivery in
wetland parks (WPshridging the actual landscape and public perception

\ All Ecosystem Services |

Objective 1: ‘ [ ‘
-e:?elcri’?c?rtg):::ziti: Tc?t Focal ESs in Wetland Parks Others
. (ESs that are more critical to WPS)
WPs, especially ‘
those valued by the [ |
public(focal ESs) | Technical Understanding | Perception of ®
of ESs ESs = @ Usersivisitors general public)
_ObjectiveZ: _ Tradeoffs, Objectives:
Tpdetermm'e the extent to Wthh' Synergies, | Toexplore the relationships and interactions
public perceptions of ESs are consistent Bundles between perceptions of focal ESs
with technical understanding.
T landscape features Wetland parks in Guangzhou, China
To deter(r)nt?:we(ecpt:/ee ?éctormat Factors [ demodraphic factors Places within & wetand park
. L spatial factors )
influencethe ESperceptionin WPs temporal factors @ Winter & Summer
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Objective 1 is the overarching (umbrella) objectiFg(re1-2). 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 liggmprov
certain landscape featuresd the benefits obtained by specific visitor groups could be enh&@esdes,
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 decisiorcouddkiyey
more reasonable when ESs traxffs 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 tlsection on the influence of coviktP (Chapter §, this study was
restricted tovisitorsdperceptions of wetland parks in Guangzhou, ChinaAnd this thesi& data set is

confined to the yeatsetween2018 and 2023lIt is important to note that this study focuses on the ESs (not

the disservices) dhland watershed WPsdue 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 thaaanvetland parks

in Guanghou, as they constitute the majority of the @twetland 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 reggan southern ChinaRjgure 1-3), covering a total

area of 7,434.4 ki with 1874.03 million residents (by the end of 202Buangzhou 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 draryatigaje areas of mudflats have been replaced with
urban developmenitZhao 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 reservaoirs, thus
the wetlands lose their resilient@tate Forestry and Grassland Administration, 20186)protect wetland
resources and strengthen the @tsesilience to floods, 20 WPs have been created in Guangzhou in the last
decaddBureau of Forestry and Landscaping of Guangzhou Municipality, 2017,.2018)

Linzhou

Nanning

Guangdong Province
Guangzhou
Esri, HERE, Garmin, FAQ,

People's Republic bf China
Guangdong Prm"ing‘_e:"’
Esri, FAO, NOAA,
-~ USGS NOAA, USGS

CAIoNR OF GA2y 27F Ddzl y3Ii K2dz

Guangzhou has laumid subtropical climate influenced by the East Asian monsoon. Due to the climate,
Guangzhou experiences two main seasons: a rainy seasordgnseason, without distinct four seasons

The summers are moidtifure 1-4), with high temperatures-igure 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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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 citizép 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 thiglel® pandemic His 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 E8ther 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 gvidence from this thesis would facilitate sustainable mamagt, 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 desigpapter lprovides a background
introduction, proposes the research aims, objectives, and hygotidhis thesisputlines the scope of the

thesis, andlarifies the significance of this study and its contribution to knowle@gepter 2offers an
overview of the literature on wetland parks (WPs) and ecosystem services (ESs). Due to the iterative nature
of this thesiés 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 outligdhjrier 3 along

with the studgs research design, which is based on a few specific writterbgtsfep tools. In th same

chapter, theesearch designethodolog 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 literatuse Chapter 4describes the changing urban wetland landscape in Guangzhou and the
transition of any ESs, as well as identifies the beneficiaries of WiRster landChapter Gdentify priority

ESs for evaluation. In particulachapter Gncludes a survey on the perceived health effects of WPs during

the peak of the covid9 pandemic in 2020. This chapter examines the impact of the severity of the pandemic
and pandemic prevention strategies using data from Chinese cities including Guargjzhpter 6
examines the publé 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 7outlines the delivery of ESs in WPs using case studies in order to meet Objectives 2 to 4. This
chapter evaluatddey ESs that have been identifieddhapter mandChapter Gnamely aesthetics, recreation,
and wildlife habitat.

Finally, Chapter 8ummarises 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. L iterature review

This chapter examines studies that provide the theoreticahatitbdological 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) wetlathémed green space within urban Bujltarea that are open to

the public and have certain recreational and service facilities (classification code G139); and (2) green areas
outside urban buitip area that arealsed 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 E@Ai8)stry of Housing and UrbaRural
Development of the Peoj@eRepublic of China, 2017This thesis defines WPs narrowly as the union of
these two types of green space.

However, several riverine parks and edlylt lake parksverenot referred to béwetland park§ and the
general public is confused about the difference between the WP in narrow definition and thetivettaat
parks(Zhang, Zhou and Gao, 2017)herefore, for the online survey regarding the health benefits of WPs
conducted during the peak of the COVIB pandemicChapter §, 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 where the rivers of the Pearl River system meet and flow to the South China
Sea,Guangzhou include both inland watershed WPs and coastalGies that the majority of WPs in
Guangzhou are located in inland watersheds, with only three being coastal WPs with mangroves (as shown
in Figure4-1), 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
semidiurnal 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 apdgkE&’ hang,

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 wetlandeamenade Many megacities in China
encountered the same circumstances as Guangzhou. Thus, this study specifically exanmmede WPs

2.1.2 Strategies similar to wetland parks

For the purposes of ecological conservation and sustainable urban water management, a wide range of
strategiesre typically employed. These strategies either include or overlapvefitiind parkgFigure2-1).
Established in the Chinese context, wetland parks are specific types of green infrastructigesenlue
systems, urban wetlands, and nafo@sed solutionsLargescale wetland parks, which are typically
national in scope, share certaimilaritieswith 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 fobadnge city

8



Chapter Aiterature review
concept and other concepts utilised in various countries worldwide, such as Low Impact Development,

Sustainable Urban Drainage System, and Water Sensitive Urban Desajation to ecological recreation,
science education, ecological protection, and field research, wetland parks are comparable to WWT wetland
centresn the United Khgdom.

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 obmprehensive system of nature protection areas, which also includes
national parks and nature resery@$fice of State Council, 2019)
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2.1.3 Legislation and governance ofvetland parks
The State Council, National Forestry and Grassland AdministtatiahMinistry of Housing and Urban
Rural Development of the Peoples Republic of China have issued a series of laws, regulations, standards
and official documentsAppendix A- 1) to strengthen wetland protection, making it clear that WPs are an
important part of China 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.
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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 inmjudbllowing indicators: (1) typicality,
representativeness, uniqueness, diversity, and ecological function of the wetland e¢¢8ystaistanding
biodiversity (3) little human activities interferencét) good water quality(5) well-controlled invasie

species (6) clear ownership, use and rnagementof land (7) well-established protection management
facilities and institutions(8) well-established ecological monitoring stations and environmental education
facilities; (9) good community and stakeholder involvem¢bd) wellestablishedecreation and reception
services and facilitieend(11) good coordination with local characteristic lands¢ajagional Forestry and
Grassland Administration, 201@esides, an evaluation index system using a hierarchical analytic approach
that tailored to the unique characteristics attibinalWPswas proposedit is constituted of five primary
indicators (i.e., ecological effect, social effect, economic effect, basic construction effect, and sustainable
effect) and 25 secondary indicatdi&'u et al, 2014) Similarly, an evaluation index system combining
expertbased Analytic Hierarchy Process method and site investigation was conducted; index includ
diversity of wetland types, regional water resource, water quality, biodiversity, and landscape resource
(Huanget al, 2013)

1GKS LINB@GA2dza { G GS C2NBAGNE ! RYAYAAGNI GAZ2Y
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Specifically, from biophysical perspective, health and enteagglysis 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, 199@) indicator species demography (e.g., waterfowl, microbial,
submerged aquatic vegetation, algae, Odor{ata)nung and Rice, 2003; Péost al, 2013; Simst al,
2013} emergyaccounting and life cycle assessm@ntanet al, 2011)

From human perspective, although many studies have shown that natural environment or wtpaeilue

space is beneficial to human physical heélthchowycz and Jones, 2011; Richardsoral, 2013)and

mental healti{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 animdaistare, learning

about nature, interacting with family and friends, and being dléaéersen, Weisner and Johansson, 2019,

p. 1319) Thesewell-beingaspects were usually assessed using questionnairé{eVganget al, 2019).

The enjoyment of aesthetics was usually assessed by using approaches such as Scenic Beauty Estimation
(Sunet al, 2018) questionnairéDobbie, 2013)photograpkrating(Cottet, Pigay and Bornette, 201,&nd
photograpksorting/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 sedimentseaceiyed wetland health to aesthetic preferéfcetet,

Pi@ay and Bornette, 2013; Dobbie, 2013nd a study found that throughout the spring and fall, an
evaluation of FujinNational Wetland Paid& surface water input and exit in Northeast China showed
consistency between measured water quality and water pothefimted aesthetic preference of exp€sisn

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 Chigaonfroning challenges such as unequal distribution, a lack of
funds, a conflict between national preservation and local utilization, and inadequate |8gacsal.,

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 everywher@hang, Zhou and Gao, 2012 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 visitiggerception 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, 2015The overloading of carrying capacity in certain locations of WPs may
threaten their ecological integritf.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, Webetier adapt the design of

29 ySNHe o6alSttSR sAlGK Ly aYéo Aa GKS Fyzdzyid 2F SySNHe dzaSR
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WPs to the local natural and cultural setting and create more \pséfarred 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 urbargbéss spaces in China. They are expected to

play a role in wetland preservation, biodiversity conservation, and enhancing humbaaingiDocuments,
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 anag)sor a human perspective (e.g., Scenic Beauty Estimagthotograph

ranking, questionnaire and interview), a number of expased 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, humedlbeing that benefits from WPs other than
enjoyment of beauty is little known, partictiain 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, wbichpass the
biophysical environment and human weding 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 E&sd their evaluation methodology.
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2.2 Literature review: landscape perception

2.2.1Perceptiontheories
To efficiently sustain and develop our own lives through successful interaction with others, we depend on
three fundamental and interconnected human capadiifext, 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 intenipand verbal descriptions regarding behavi@agnition
comprises perceptual responses and verbal statements of Bedigfler, 1984 Since perception provides
the informational and causal basis for our higher cognitive functioaisen and Tacca, 201 %#)is crucial
to comprehend howeople 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 ofhe theory of direct perception such as James Gi bs
approach to visual perceptioppsits that perception is the process of extracting information from the
surrounding array of light, without the need for intermediaries sucétiasl pictures, neural pictures, or

mental picturegGibson, 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 intermedidtasid, 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 perception1966, George Miller proposetthat information
processing in humans involved gathering and representation of informiatiormation storage, and
informationretrieval when requiredLater, in 1968, Richard C. Atkinson and Richard Shiffrin proposes that
there are three stages involved in memory: input or sensory registrytesinonnemory, and lorterm
memory (Rosnov and Roberts, 2008ased on these theorighe information processing model was
developedPerception plays a vital role in tiheformationprocessingnodel linking sensory input to our
cognitive understanding of the worl@ahen and Tacca, 2013)

Senses serve as the physiological foundation for perception. Perception involves the brain's selection,
organisation, and interpretation of sensatiémsl ssnsationgncompass various experiences, such as visual,
auditory, olfactory, gustatory, tactile, and othd®srception is a multisensory process, whilsual
dominance over other senses is a Widecognised knowledg€onsequentlyyisualdominance provides

a substantial explanation for the human inclination towards vision and their nature as visugStekmugs

and Biggs, 2014)Hence this study employs multisensory perception of fielgheriences in conjunction
withvisual stimulit o i nvesti gate peoplebds perception on wet

It is noteworthy thatnhanced intersensory communication has the potential to induce synaethesia, an
involuntary perceplike phenomenon wherein a sensory stimulus presented to one of the modalities elicits
simultaneous sensations in all modalitlesr instance, the phenomenon ofassthesia involves perceiving

colours linked to specific letters and numbensd experiencing colours in response to certain sounds or
music. An inducer (the stimulus that initiates synaesthesia) and a concurrent (thel edigiesthetic
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 tcethil (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
landscapelandscape grception plays a crucial role in determining preferefi€¢eplan 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, he ProspeeRefuge 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 (refug@ppleton, 1975)The AttentionRestoration Theory asserts that individuals'
attentional ability could undergo restoration following exposure to natural environments or even through
the observation of nature scen@&aplan and Kaplan, 1989)Culturally, the Topophilia hypothesis
highlighted the influence of factors such as age, gender, hobbies, educational backgroymast and
experience in developing individual preferences for landscépesn, 1990) Further, bur general
paradigms of landscape perceptiduring 1965 to 1982 was identified based ba humardandscape
interactionoutcome modelnamelyexpert, psychophysical, cognitive, and periential paradigm(Zube,

Sell and Taylor, 1982)The vast majority of subsequent research falls into one of the following four
paradigms The significance anthethodological foundation of this work have been established by these
highly influential studies on landscape perception.

The literature pertaining to the perceptioreocbsystem servicgSection2.3.4and2.3.5.9, biodiversity or
wildlife habitat(Section7.5.1), aesthetic§Section7.6.1and7.6.2), and recreational activiti€Section7.7.2
in landscapes is elaborated uponthe next section an@hapter 7.To avoid redundancy, additional
informationonthese topicss 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 introdDeéd,(1997, p. 3)described it as

the conditions and processes by which natural ecosystems support and fulfil humaaoslifazeet 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 welfard/illennium Ecosystem Assessmd&R005)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 wading (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 E88lennium 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 showhainle 2-2. Besides these classification systems, there are
alternatives that are not commonly adopted. For exanghelace (2007) advocated classifying ESs
according to the category of human values including adequate resources, protectionrdaim (e.g.,
predators, disease, or paragites favourable physical and chemical environment, and sociocultural
satisfactionZhang et al(2010, p. 66proposed 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 biologitgl safieespond 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 valueFagerholm et al(2012) indicated Table 2-3). An
explanation of these ESs is given following the abaonmtioned literatures.

2.3.2 Ecosystem disservices

Although ecosystems are beneficial to humans from multiple perspectives, occasionally they have
detrimental effects on human wélking; that is, ecosystem disservices. Ecosystem disservices, for example,
include safety problems in dark parks, pollen éngghealth issues, and pest damages, nutrient runoffs, or
competition by unwanted species that reduce crop yields or increase productiof.ypgstski 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 patasieeal, 2014; de Jes(s Crespo, Médez

L&aro and Yee, 2019)
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2.3.3 Interrelationships between ecosystem services
Relationships between ESs are mostly characterized bydfesder synergies. Tradeffs 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 tinmel dave varying degrees of reversibiliBodiduez et al, 2006) There
may be tradeffs between different ESs, as well as between present and future service(suppbl, 2013,
p. 1380) However, trad®ffs are not unavoidable; taking into account the reason why-tféslarise is more
likely to result in synergies (i.e., wivin scenarios) than aiming for synergi@dowe et al, 2014)
Understanding the traeffs 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 (BatinsepgHearne,
Peterson and Bennett, 2010, p. 52435 relationships varied over tirffeenard, Rhemtulla and Bennett, 2015,

p. 13413)and across regiorfRaudsepgHearne, Peterson and Bennett, 2010, p. 5248 ES bundles consist

of positively correlated ESs that may or may not exhibit causal relatior($tépsird, 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 g&opleet al, 2018; Plieningeet al, 2019) and enable

the forecast of crucial ES tradéfs and synergies on the landscépeudsepgHearne, Peterson and Bennett,
2010, p. 5245)

2.3.4 Ecosystem service flow

The ES paradigiis 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 bédlieredre flows/cascades from the-physical

realm of ESs to values benefiting humans.

Since the introduction of ESBaily (1997, pp. B6) 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 tredmrutoBesides,
HainesYoung and Potschiif2010) 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 .démeads

later, they distinguistbenefibanddvaluedin the cascade model, making it apparent that benefits are those items

to which individuals attach valy@otschin and Hainegoung, 2011) Similarly, Tallis et al.(2012)distinguish

between tha&supplyd(i.e., the structure and function of ecosystems)Gkevicé (i.e., the function actually

used or enjoyed by humans), and dhenefit®(i.e., the resulting change in human wiatling). In addition, the
Gupphyd 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 166% ofthose theoretically capable of supplying servi@zsystad

et al, 2014) However,Costanzat 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 vEhigtttesis assume
that there is a nelinear and dynamic cascade relationship between biophysical structure or process, ecological
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functions, ESs, benefits, and values, following the ESs cascade model propBsesichyn and Hainegoung
(2011) Holding this assumptiorthis thesis intend® 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 incorporatngtsatio
values of ESs into WPs assessment have been emphasized for facilitating hurizgingedind fostering
wetland restoratio(Scholteet 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 apygirnately 2knf) by aligning geometrically modelled cultural ESs potential

supply based on six biophysical indicators with participatory maps generated by visitors and local experts
(Crouzatet al, 2022) Their research provides evidence that cultural factors go beyond a pliysiglogical
explanation. Besides study compared local reside@fgerceptions 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 consigteran Liet al, 2023) Nevertheless, urrent

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

Technical understanding of ecosystem services
Ecosystem service cascade model (Potschin and Hémesy, 2011)

Biophysical
structure or
process
(e.g_., Woodland_ Function
habitat or net primary (e.g., slow passage o Service
productivity) water, or biomass) (e.g., flood protection, Benefit
or harvestable (e.g., contribution to Value
products) aspects of welbeing (e.g., willingness to
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Ecosystem service supply chain (Tallis et al, 2012) //"*"*\
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In this thesis, the termdechnical understanding of EBJUESS) is equivalent to thiservice (flowsdin the
cascade modéPotschin and Hainegoung, 2011and thesupply and servidin the ES supply chaifyallace,
2007) which refers to ESs that offered by ecosystems no matter whether humans perceived those benefits
(Figure 2-2). dérechnicalunderstandingis the way to understand and assess ESs based on theories and
experiences, using measurement or modelling techniques. Thépenaaption of ES{PESS) in this thesis is
equivalent to theébenefits (value$)in the cascade and tldeervice and benefiin 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
biodiversityis correlated in some ecosystefBsown et al, 2004; Southowet al, 2017)while in some are not

always correlatedDallimer 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 pollutrefated aesthetic preference thghout the spring and autumn but

not in the summe(Sunet 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 theseary throughout time and plag@eorton, 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 nheeded.

2.3.5.1Tednical 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),
emergy, and the actual service supply unit (esgm? clean water provisioninggm? carbon storage). Written
stepby-step tools and computbased tools have been developed to make the evaluation more accessible to
professionals and neexperts, hence facilitating E$slevant decision making.

(1) Monetary approach

The concept of ESs is initially strongly relevant@iatural capitdi 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., manedacapital,

human capital, and social or cultural capit@élpstanzeet al, 2017) Therefore, it is no wonder that many ES
assessment projects attach monetary values to ESs. The monetary method estintatesertrentsd or
dmarginabvalue 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 activitié€Sostanzat al, 1997)

89 YSNHE 0&aLIStfSR gAGK Iy aYéo Aa GKS |yzdzyid 2F SySNHe dzasSR
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(2) Emergy accounting approach

ESs are generated by a set of splawered natural cyclg®aily, 1997) Therefore, emerdyanalysis, 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(Costanzat al, 1997, p. 254; Duaet 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 region$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 asselanadyservices, emergy should be
converted from the monetary analySfeng and Liu, 2018)

(3)  Written step-by-step tools

Written documents with stepy-step guidance va been developed for decisionakers, stakeholders and
researchers to identify and estimate ESs and benefits provided by a particular site. For, ¢xarRpbéected

Areas Benefits Assessment TadBIA-BAT) (Dudley and Stolton, 2009% a workshogdriven tool based on
guestionnaire data.oolkit for Ecosystem Service Sitased Assessment (TESS®ehet al, 2013)andthe
Ecosystem Services ToolEST) (Value of Nature to Canadians Study, 20Which contains stefo-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 S&gzby-step tools makthe assessment
process faster and easier, and they lay the foundation of the research design of this thesis.

(4) Computer-based tools

Besides written stepy-step tools,liere has been a surge presence of comhaeed 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, thaeenaged tools calculate ESs that the
ecosystem supply in biophysical terms or in monetary benefits. In addition to these biophysicabnetary

analysis tools, spatial analysis tools have been developed camgitther special dynamics of EQdillennium
Ecosystem Assessment, 20@Hd the potential for promoting the collaboration between ecologists and others
(HainesYoung and Potschin, 201.07he most widely used computieased tools include Integrated Valuation

of Ecosystem Services and Traofés (INVEST)(Natural Capital Project, 2022)ultiscale Integrated Models

of Ecosystem Services (MIME@oumans et al., 2015)Artificial Intelligence for Ecosystem Services
(ARIES)(Bagstad et al., 2014and Social Values for Ecosystem Services (SolVE®rrouse and Semmens,

2020) Except MIMES which can be used to assess any ES, tools can only assess some ofjyeeBSix 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 select a tool that corresponds to this sfeidgale of landscape, target ESs, and
available data. Therefore, although these tools have been reviewed, the review will not be presented in this
thesis.

‘LOAR®
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2.3.5.2Perception of ecosystem services

Studies have investigated whiBssare perceived to bmore or less significant to the public. For example,
Wardropperet al. (2020) conducted a survey arfdund that residents in the urban and agricultural Yahara
Watershed in the United States placed the highest value on thesqmiovision of drinking and surface water
quality, clean lakes and rivers for wildlife, and a reliable supply of drinking and surface Usitagthe Q
methodologyBuchel and Frantzeskaf@015)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 examplelieningeret 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 apfaael.on guestionnaire

data, Marti -Lgez et al. (2012) discovered a clear traddf between provisioning services (including
recreational hunting), and regulating services or nearly all cultural activities, in the Iberian PeBihsalals

et al. (2012) conducted a Delphi survey ardiscoveredthat 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 instari@eikhofer 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 recomraSsdrésearch
examine severajeographical and temporal dimensionsn order to create a holistic understanding of how
nature promotes human wdlking. Besides, it is suggested that integrating ESs and natural capital into
mainstream economic policy nesiatesa greater public dialogue and engagemer{tCostanzat 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 theelationships (.e.,synergies and tradeoffs) between different ESrovided by an individual
ecosystem is requirefliang, Wu and Fu, 2021These highlighted research challenges and tendencies indicate

the direction for this thesis.

2.3.7 Summary: literature review of ecosystem services

Ecosystem services (ESs) dhe direct or indirect benefits that people get from ecosystems, hotewer

detailed definition, namelgheir 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
peopleperceived anassign value to, need further clarification. This thesis assumes the gap exists, and by
proposing and comparing technical understanding and perception of Efyshesexistence of this gap.

Researchers have proposed various ESs classification systems in the past years. Most items in these
classification systeswoverlap while some diffelThe most widely used classification systenwese reviewed

and a classification system with 26 itenvgere synthesidor this thesis.Ecosystems that are generally
advantageous to humans can yet possess components that negatively impact hub&ngyedferred to as
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ecosystem disservices. One such example is the occurrence of arboviral diseases like Hoatystem
disservices may occur in wetland parks, but this thesis excludes those from the analyses.

Interrelationships between ESs are mostly characterized bydfisder synergies. Throughout place or time,
groups of ESs could appear together as ES bundle, which can be discovered using geographical data.
Understanding the trad#fs between ESs andetbundles 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 thesisadap assessment approach in the research design
to evaluate ESs. Antopefully 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 resean@) 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 pagimaticsm 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 $tgstep tools ESTValue of Nature to Canadians Studly,
2017)and TESSA(Pehet al, 2013) this thesis identifies and evaluates ecosystem services (ESs) delivery of
wetland parks (WPs) following the steps shown in the framewdfigure3-1. Chapters relevant to each step

is also shown in the framewaork. This chapter gives an overview of the methodological framework, and briefly
introduce methodology for each st&pecific and detailed methods for each theme (e.g., questionnaire
design for each theme) is introduced in each relevant chaptée.g., Sectiorb.2, 6.2, 7.2, 7.5.2 7.6.4 and

7.7.9).

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

A Identify and engage stakeholders

A Identify priority beneficiaries for ecosystem services delivered by

wetland parks
Chapter 5.Perceived ESs and health effects of WPs in Ct
STEP 2dentify priority ecosystem servicegor evaluation | in the context of Covid9
Chapter 6.Using social media to explore perceptions of E
+ by WPs in Guangzhou

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

STEP 3: Define case study sites
A Define site, based on biological importance amahservation goals

STEP 4: ethods selection Chapter 7.ESs in WPs:

A Select appropriate methods for each service General perception

A Identify which indicators are most relevant for assessing each ES Wildlife habitat service

Aesthetic value

Recreation service

STEP Hlata acquisition Relationships between wildlife habitat service,
\/ |A cCollect/collate data for site in current / beforstate aesthetic value, recreation service

STEP 6: datanalysis
A Analyses data to achieve research objectives
|

v

STEP 7: Identify implications for practice Chapter 8.Discussion and conclusion

Beneficiaries engagement

= =) =) =] =

CAI@NIS 6 K2R2f 23A0Ff FTNIYSE2NJY &aidSLla | yR N
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 fundamenpatérequisite for generating supply and use accounts folHESses
Young and Potschin, 201,&8)ecause ecosystems and their beneficiaries are frequently-loaiated(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 scatsmd0ering the aim of creating WPs, the primary beneficiaries are
visitors of WPs. Thereforeahis studyfocusseson perception of visitors of WPs. Besides literature review
presented irbection2.1, works relevant to this step is presente@lapter 4

Secondly, the focal ESs for examination were determined. The procedure of fiterfiogal ES$s illustrated

in the flowchart Figure3-2). In this step, a literature study, an analysis of social media content, and an online
guestionnaire were utilized. Each stglglata 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 studigsn-depth research design. As a result of studies in this step, the focal ESddpthirevaluation

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 anc
supported by a relevant literature base. Whenréssarch begatiNWP was the only national wetland park

in Guangzhou, whileTDWP was a typical urban wetland park constructed for flood control veaier
purification. The two WPs represent two distinct design styles for WPs in @hththeywere the only two
projects chosen to be presented at the Guangzhou Urban Planning Exhibition Hall, demonstrating their
representativenesélthoughthese two WPs are contrasting in terms of scale, type of wetlands they contain,
andlevel of Government managemeibey are highly complementary and collectively encompass nearly all

the qualitieghat WPs have in Guangzhdommon themes of these two WPs include the same cultural context,
relationship with urban builip areas, and accessibility to citizeDsie to these commonalities, there will be
shared perceptions of ESs that WPs provide, while differing perceptionsdiaate effects arising from
distinctions in the characteristics of WRs Section’.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 beneficiariemdfocal ESs and determined case study sites, this thesis determined
appropriate methods for estimating each ESs and their relationships. Methods for apsesspimpns oESs

are presented i®ection7.2, while methods for technically understanding each ESs are presented in their
respective sections ibhapter 7

Finally, this thesis suggests implications for practic€liapter 3

3.2 Ethics

Following the University of Sheffiefid protocol for any experiment involving human participants, the proposed
research was subjected to an ethics review. Before ehecalission was given, the research proposal was
examined by a faculty membgom the Department of Landscape Architecture at the University of Sheffield,
and all requested adjustments were made.
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Chapter 4Changing urban wetlands and their ecosystem services
Chapter 4. Changing urban wetlands and their ecosystem services
Some parts of this chapter haween published:

Zhai, X., Cameron, R. and Lange, E. (20@®8%ktland Parks in Guangzhou: Ecosystem Services and Perégption
in Nijhuis, S., Sun, Y., and Lange, E. (edgjaptive Urban TransformatiorCham: Springer International
Publishing (The Urban Book Series), pp. 2899. doi:10.1007/9783-030-898281 15

Authorso 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 Wetlandsand their ecosystem services in transition, Guangzhou

Guangzhou is situated in the central region oRbarl River Delta, with a gradual nottirsouth slopeln the
mountainous north, water catchments are depicted largely by lakes and streams, but are dominated by wider
rivers and coastaetlands in the soutMost 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 shapéLi, 1983). It was also during this period that mulbedykefishpond began to develop as an efficient
agricultural system for fish and silk producti@iriu, 2016) Until 1954, the buitup area of Guangzhou was

still small, with a large area of surrounding wetlands (e.qg., rice paddy, riverspdglls, and coastal wetlands),
orchards, and wood§).S. Army Map Service, 1954)

From the 1950s, Guangzhou began its economic development and the population has grown: there are
18.7million permanent residents, nearly ten times the population in (@& gzhou 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 riveisao et al, 2016) Meanwhile, highly intensive
aquaculture replaced the traditional and ecological gl systenfHehlLange and Lange, 201%loreover,

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 naturébased solution to providecompromise between wildlifarotection and human utilisation. The
development of WPs in Guangzhou covers the following four stages:

Germinating (1958 2003)

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, retaindtls and provide cultural serviog8§u, 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?s(Ma, 2016)
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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. &)After Xixi National WP in Hangzhou, the first national WP in China was opened in
2005 and the number of WPs accelerated rapidby, 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 ardlegical complexity.

Currently within Guangzhou, there are 12 large lakes and eight artificial wetlands for stormwater storage as a
nucleus for WP$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 renewadsbaymed. For
example, renewal of the Haizhu National WP includes expanding the water area, expanding the size of the area
of floral displays, adding food courtadding 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 500&ms), 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 (202i12025) of Guangzhou emphasised the ingure of the Ecological Belt and pointed out

the necessity to upgrade three WPs (i.e., Baiyun WP, Haizhu National WP and Mé&rshga 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 regulatn 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 Guhogz

4.2 Wetland parks and their ecosystem services in Guangzhou

WPs in Guangzhou vagonsiderably in area and widthigure4-1), and they usually originated in three ways:

1T Designation of existing park space for wetl ands

T Transfer of natural wetlands for use as new park
of protection and restoration in a more public s

T Creation of park space with coimfsstruetedtiwen!| and
i mprovement .

Some ESs associated with WP<Snangzhouhave 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 natbeded educatiom able4-1).

30



¢l onm8 O2adaiGSY aSNWAOSa
S1S2 P1 R1 R2 R3 R4

Li wan LP + a
Liuhua LP + a
Dongshan LP a
Lu LP a
Wanzuitou WF+ a
Baiyun LP + +
Nansha WP + + + + + +
Hai zhu + + + +
Nati onal WP
Dasha River + +
Nangang Ri ve-+ +
Ti anhe Dague+ + a
S1: flora habitat, S1: fauna
regul ation, R4 : cl i mate
education, C4: cultural heritage
++ ESs that h&vEeStbheaetn tahses eV¢Ps eadi
Only the WPs and ESs mentioned

Chapter 4Changing urban wetlands and their ecosystem services

Liuxi River Congdu WP

e
T
Fengyunling WP o :
e T . Shimalong WP
T A
= =
T s c'//
—
Fenghuang LP
posngang - L
Huadu I.ake National WP e 2
) // =
///-’ Gualyu LP
Baihaimian WP i 2%
Baiyun LP ~e & < Hezhizhou WP
——— & \ o R T o
Nangang River WP
LivhuaLP Si Tianhe Daguan WP
LuLP =

Donghao River EB
Dongshan LP
~ Chikan WP

S Beigang WP

__ Campus City Centre LP

Wanzuitou WP

[Taizhu National WP

Jinshan [.LP

Cao River WP

_ Nansha Coastal WP
Hai’ou Island WP

= Nansha WP

CAImENB Gt I yR LI NJ &

i A

Wildlife habitat

regul ation,

,m

LEGEND
Year of Built
® 1958
® 2004
o 2007
o 2008
© 2009
© 2010
Arca @ 2012
© 7-28ha @ 2013
O 29-61 ha "
2014
() 62-111 ha ? 2015
— > 2015
() 112-257ha
,:\ 258.376 b © 2016
52 e 2018
( )377-891 ha @ ondergoing
km

O

5 10 20 30 40

Ay DdzZ y3i K2dz
I 85820AF SR 6AGK

R5 C1 C2 C3 C4
+

T
a
+

+ + +

+ + + + +
+
+
+

habitat; P1: f oo

R5:enwatren

to p de
in th teratu

6 S

i

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 speciévascular 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%)
(Huanget 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 assessmgxie and Guo, 2018, p. 30n 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 creatétfang 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 WEsming Vermilion Bird Research Institute, 2022)

Among the 258 species, 24 are National Secondary Protected species, including fihecatamed species,

two vulnerable species, two endangered species (i.e.,-faleeld spoonbill Rlatalea minoy and great knot

(Calidris tenuirostrid) and two critically endangered species (i.e., Bapochard Aythya baefj and yellow

breasted buntinggmberiza aureolp(defined by IUCN)). Nansha WP plays a vital role in providing habitat for
migrating waterfowl, especially endangered species such asfhleak sponbill 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 walof the water purification is estimated to be 17.7 million CNY per year,
accounting for 15.47% of the total ESs va{i and Guo, 2018, pp. 290). 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 Wédeg 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 atmospher@@DQ 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 miiion 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 y@an et al, 2019) About 14.5 million people used
Liwan LP in 2009, for taking walks, sitting, exercising and watching Cantonese @peray and Huang, 2016)

Environmental Education

Information is provided to visitors through signs which convey information about wetland functions and wetland
habitats in WPs. Several wddhown WPs with high quality habitats also hold some nabaseed education
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activities. Haizhu Wetland Nature School offers popular courses and activities, e.g. for family groups at
weekendgFan, Zhong and Cai, 2017Environmental education companies provideldased 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. Masteohthivities 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 inflalne@019)

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 wetldedy., 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 reclaimeddstelands saw an increase

in ESs. WPs transformed from natural wetland in |l@tatke -known locations saw an increase in cultural ESs.

Meanwhile beneficiaries, which considered to affects the realization oftES8sesYoung and Potschin, 201,8)

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 wetlandsaiititecddsown

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 traffefarmers lose their arable land and receive the
same type of benefits visitors or local residents. Notably, tthiesis only covers the existing beneficiary groups;
descendants who may benefit from ESs like habitat, climate management, and cultural heritage are not included.

As indicded in Table 4-2, beneficiary groups of the analysed ESs from WPs were identified by a literature
review and site visits. Beneficiary groups-gite and offsite were identified. For instance, habitat indirectly
benefits bcal residents as a supporting service and as an aesthetic source for visitors (especially wildlife
watchers).Food is the only listed provisioning service and owlffered byHaizhu National Wetland Park
(HNWP). Specifically,HNWP provides tropical fruits grown in orchards. This WP annually dedivlemgars

to the social welfare institute and nursing homes in its district, anddrwtidors who purchase tickets for the
collecting activity to taste and collect longdhlaizhu Wetlands, 2016Air regulation that reduces respiratory
disease is beneficial for both visitors and local resid€iimate regulation has a broader impact that benefits
visitors, locals, and regional residents by preventing climeltged damage costs and enhancing thermal
comfort in WPs and the citiRegulation of disturbances and watecould save damage costs and benefit local

and downstream populatioWater 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 incladeeation, aesthetic values,
educational values and knowledge system, and cultural heritage valyese tourists. In addition, schools
(particularly elementary and secondary schools) and educational institutions benefit from the educational values
and knowledgsystem by teachingnvironmental 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.
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Chapter 5. Using social media to explore perceptions of ecosystem
services by wetland parks in Guangzhou

This chapter habeen published:

Zhai, X. and Lange, E. (2020) oO0Using social- media
based s ol utandsaapepnchigctare Frant@er8(3), p. 58. doi10.15302/d AF-1-020030

Authorso 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 amountspairteelfdata

across geographic domains in a short period of tilmanet 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 sekported data have been used to study pé&oplerception on environmental elements.

For example, scholars modelled the perceived boundaries of the city centre and identified popular landmarks in
Vienna(Huang, Gartner and Turdean, 201dnline feedback data were used for a fmmstupancy evaluation

of urban historic conservation areas in Beij{iigang and Zhuang, 2019photos posted on social media can

be a source for exploring the relations between cultural ESs (e.g., aesthetics, recreation, and local identity) and
landscape featuré®terosRozaset 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, 201%)sers can post texts, pictures, videos, and links of¥enly

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, NG@sd 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. Sitill, their publicity will, to some extent, reflect the management of &8Rvell as citize@deedback

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 genefal public
(i.e., individuals) perceptions of ESs, and the value of ESs expected by the professionals (i.e., institutions).

Although a usds 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) Vdnatthe interconnections betwdeBSS 3) Do the public

perceive the same ESs as what professionals identify? and 4) What factors could affeds pe@ptions on

ESs?

¢ KA& alddRe SEOfdzZRSR (KS YAONRofz3a GKIFEG asSd | i}
FYR GKS dza8 27 (GKSa$ REGI s2df R GAz2tFGS8S SGKAOA | yR
t2tA08 2F {AYyl 28A02
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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 éeg 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 ShBnoldinge}?; 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 he 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 strigtabides by the Robots Agreement.

5.2.2 Data pre-processing

Social media data is often noisy, unstructured, or heteroge(téoaisg, Gartner and Turdean, 20 likgvitably,
irrelevant data will be collected because of the incorrect segmentation of the search engine. Only original
microblogs, expressing the us&experience, perception, or feedback of visiting the WPs, were regarded as
Gelevant data 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 havéfedient folowers, norrepost 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 chardeck) can

be a signpost to the refugia / habitat services (an ES), but recently microbloggers tend to use it as an alternative
to the modal particlé 6(&@hj. Therefore, the analysis might be biased if depending merely on words filtering.
The basic unit of meaning analysis in natural language gsowgis sentence, which yet is not a simple linear
sequence of word®ale, 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 EBalfle5-1) were generated under the madbpted ESs classification
systemgCostanzat al, 2017) Each ES sulgategory 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.rfrarkexample,

UeKS f20FdA2y aSidAy3a dzLd Aa F2NI Fy20KSNI NBlFazy GKIFIG wvigezNS2 L)
20KSNJ I R2al OSyii OAGAS&Ed ' RYAGGSRf@&@L (GK2dAK (KA&E aSR20X2IATEMA TA
bRA&lIotS t20LGA2y aSNBAOSab YIe 6S 2YAGGSR®
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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
aC2-6(negative perception of aesthetics service); when one mentioned the harm caused by an invasive species,
it was coded with52-0(negative perception of refugia / habitat senice)
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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 i Wilhbet 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 nani@sreau 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 migebh@s 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 Mapwere 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 sulzategory in a WP wergnalyzed 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 uttétsiee2010) 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 ag¢iwagy Huang and Wang, 2019)

Text sets sometimes contain higbcurrence but meaningless words, which causes noise and increases the
confusion between texts. Using these meaningless words to constructveordogdictionary can increase
keyword density and make the keywords moreceatrated and promine(ithen, 2005)

B FARdz alLJ A& I 686 YFLLMAY3I aSNBAOS LWL AOFGA2Y AY [ KAYyLE GKIF

38



Chapter 3Jsing social media to explore perceptions of ecosystem services by wetland parks in Guangzhou
According to the microblog contents, this study manually expanded the user dictionawyosdagictionary,
and synonym dictionary, to improve the accuracy and validity of the segmentatian 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 streém, b §, and phrases (e.g., storm water regulation and
retention® 0. The stopword 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, regiansg, countes; 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 extractedn, 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 betwP&i$#iEne association
rule iséan expression of the form¥XY that whenever X seems, Y also tends to agie&thili and Mohamed
Shanavas, 201%) Here, the FrequetRattern growth (Fgrowth) algorithm, the most efficient algorithm to
identify frequent item sets for association rule minjvigan and Ding, 2012was adopted.

The output of the Fgrowth 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\Isime element can appear multiple times in the FP

tree, corresponding to different frequent item sets depending on the |&taliothis research, the FP tree was

built with Python 3.7 according to a script proposed by Peter Harrifigiimington, 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 induals 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 WPSs). Among thanteteicroblogs, on
average, 46% mentioned ESs in each WP. As showialite 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

4 nitially 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 (Sour€eAgr awal , I mi el i XEs ki and Swami |, 1993)

BCca2NI SEFYLX S Ay RFEGL&aSG 98!S .3 /5 5YS 98!S 5Y5 9!& Y In YTVl W2 yss
GKS&aS n GAYS&aT . FLIWSFNBR airavydzZ Gl ySz2dzate o GAYSEE 6KAOK Aa SELJ
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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 se€alite®2 andFigure

5-1, among the 5 relatively popular WPs (popularity > 0.5) regarding the 6 WPs|otated 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 WB. According td=igure5-1, 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 WP
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5.3.3 Perceived ecosystem services in wetland parks

Figure 5-2 presents the results of the percentage frequen®E&sin 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 servicegm the mosPESs 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 BESs 2) In terms of aesthetics services (C2), Tianhe (BagWetland 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 wRESdn 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), culturahgerfC7)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 fistpiactivities. The provisioning services of ornamental resources
(P4) and natural medicines (P6) were rarely perceived as note&atity 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 Wetlad Park; a microblog recorded the medical us®laferia rubrafound 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)vaateér 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 wedias evatrol 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 my 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 disservidgs i(ESthe negative impacts on
human weHbeingaccompanied the ESs, was low, it was sometimes perceived in all the WPs.
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The analysis of association ruldsigqure 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 WEtakdl1 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 simulémusly. 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) servicepaxeeeved 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 thm6 times).

5.3.4 Individuals 6Perceptions versus Institution§Publicity

Figure 5-3 and compares the percentage frequenciEBsby 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 wasust38.1%

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% ofdividuals 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, namealgation (C1), aesthetics (C2), and refugia /
habitat (S2), due to the sufficient data collected, to compare the perception differences between iddividuals
perception and institutiodgublicity throughout the year. There was no obvious monthly distribution pattern
found in frequency oPESs 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 micgsbikelated to negative perception of refugia

/ habitat services (marked wifhd was high, especially indicated by individuals. Institutions posted little about
ESs in the case of Gualyu Lake Wetland Park.
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5.3.5 Stimuli to ESsPerceptions
The word cloud analysefFifure5-6) 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 dediafluenceé for instanceArdeidaeas 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 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 abo@tinningd For individuals,daking photoéwas thke most frequently mentioned
activity in Haizhu National Wetland Park, Tianhe (Daguan) Wetland Park, and Gualyu Lake Wetland Park; in
Nansha Wetland Par&oatingdwas the most frequently mentioned activity. Comparatively, institutions mainly
posted about games, events, and special recreational programs (e.g., marathon and public welfare activities).

@®Photography and &lower-viewingd were the activities most frequently mentioned in the perceptions of
aesthetics value (C2) in the WPs. Coleleaf trees (e.g.Taxodium distichujnand flowering species (e.g.,

Zinnia elegans Cosmos bipinnatysNelumbo florida and Tabebuia chrysanthawere 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, aRthragmites australigvere the most important stimuli.

Birds were the most important stimulus for the individ@akrception and institutiodpublicity 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 individuaknatdaein Haizhu National
Wetland Park, Ardeidae in the Huadu Lake Wetland Park, Rlathlea minorin Nansha Wetland Park.
Butterflies, bees, and plants were also the major stimuli for some WPs. Besidgis, réhbitat services (S2)
mentioned in the Baiyun Lake Wetland Park related mainly to the negative perception of the large invasive
predatory fish speciestractosteus spatulés2 ).

Only the data collected about Tianhe Daguan Wetland Park was sufficient for the word cloud analysis of
disturbance regulation services (R@ponge cit$andcological landscagavere the dominant stimuli for

both types of microbloggers, revealing that there was a similarity between thefppleliception and the
institution®publicity. Suffering mosquito bites was the key factor for the perceptions of ecosystem disservices
(ES') in Haizhu National Wetland Park, Baiyun Lake Wetland Park, and TianheaDaljetland Park.
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5.4 Discussion

5.4.1 Thoughts on thePerceptions 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
peoplés visits. The popularity of WPs reflects puldigreferences 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 sedimeftiottet, Pi@ay and Bornette, 201 3yatercolourand transparendyottet, Pigay and
Bornette, 2013; Dobbie, 201,3and amount of watefDobbie, 2013)can impact peopfs 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 ciffnderssoret al, 2015) The most interesting finding was that, although the
refugia / habitat services (S2), were often considered to not directly benefit humdneinwg(HainesYoung

and Potschin, 2010; Costareiaal, 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 humabveingllor

whether it is just because of the association with recreation (C1) and aeg@&}issrvices 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
paks (Maltby and Acreman, 2011; Mao, Huang and Wu, 2015; Liu, 20&#¢ 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 \WMRsiget al, 2008; Moore and Hunt, 2012; Zhaeigal, 2019)

this research indicated that the other 5 -B&setic resource (P5), soil formation (R7), pollination (R8),
biological control (R9), and nutrient cycling, photosynthesis, and primary productiorwésd)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 $gm (C5) and disturbance regulation (R3). These findimag result from that the

public often lack knowledge about E&arkmannet 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 educatigiarti -Ldez 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 appdogethefRaudsepg-earne, Peterson and Bennett, 20408 be perceived
together(Marti -L{pez et al, 2012) However, the same interconnections are not found in other studies about
PESsin 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 neededetify this finding.

This study explored the stimuli to the perception of ESs: for example, flowersobmdedleaf 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 efigler spaces could influence
peopldés perception of ESglim 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 matmstitutions 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 psblesmdscape perceptions were mainly conducted
through visual assessment of landscape, or aural sometiaese and Legwaila, 2012; Dobbie and Green,
2013; Lindquist, Lange and Kang, 201i)visual landscape assessment, photogrgpbisbie and Green, 2013)
and immersive virtual reality technigugsm, Honjo and Umeki, 2006; Gaa 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-site surveys are often tirmnsuming and costly. Thus, this research relies on
collectingsocial media usedsuthentic experience to report a more realistic perception of ESsatimeost
efficiently. Moreover, compared with previous ESs perception studies which usually employed participatory
mapping to identify the perceived distributiongifen ESqFagerholmet al, 2019) or ratings on given ESs
through questionnaires or intervieyaymoncdet al, 2017; Deka, Tripathi and Paul, 201%his method using
selfreported 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 isdatgespaces according to

the land cover typologies and &Spatial distributioMarti -Ldez et al, 2012; Plieningeet 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 thBESs e.q., 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 9€9¢ ofers aradults aged 18 to 4(Gina 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 hawmpact 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 ndiigb enough; multiyear comparative analysis may reveal manglihgs 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 senseplaice. 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 additiben 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 enhanepttbe perc

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 understdmow the public perceives the &8 WPs in Guangzhou. This study
explored the publiis perceptions and compared these with the ESs as communicated by professional institutions,
and probed into the factors that affect these perceptions. The results shawtbd 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 colowledf 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 ofcovid-19
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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 (shownrFigure6-1). During the worst

month of the Peak, many cities were locked down, and most parks weddainutAfter Februaryl7th, some
employees started to return to work, but sessential travel was not encouraged. After Febri2igt, when
Chinese Society of Landscape Architect@20) 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 toiED% 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 announcéwfettite end of the Peak on March
12nd(Zou, 2020), when thecase numbers were similar to the end of the Peak and most epidemic prevention
measures were lifted.
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In this study, according to the Classification Standard for Urban Green Spaces (Ministry of Housing aind Urban
Rur al Devel opment of the Peoplebs Republic of Chir
only ecological parks with o6wetland parksd in the
other wetlands.

6.1.2 Wetland Parks, health, and human weHbeing
In this study, the broad definition of WPs is adopted. That is, wetland parks (WPs) include not only ecological
parks withdvetland park8in the name but also public green spaces containing rivers, lakes and other wetlands.

6.1.2.1Health 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
environmentgBowleret al, 2010; Olafsdottir, Cloke and Vaele, 201 Qontact with nature could affect health

in many ways, e.g. fresh air, physical exercise, social cohesion, and stress réthactigrt al, 2014)

For most people living in cities, urban green spaces are the most (sometimes the only) accessible natural
resourcgMaller 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 anélabegsity
health(Lachowycz and Jones, 20112) the higher the ratio of green space in community, the lower the risks

of mental health risks and cardiovascular diséBsehardsoret al, 2013) and the higher the selated health
status(Orbanet al, 2017) (3) and the ratio of urban green space in a city is negatively correlated with the rate
of local antidepressant prescriptigiigelbichet al, 2018) It also has been proved that urban green spaces can
promote Chinese resideftshysical activity so as to improve public hedlth Wanget al, 2019)

Urban blue space and proximity to water also promotes human K€althseet al, 2018) Specific to the
wetland ecosystems, they can promote human-vedlig 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 peédints(Horwitz and Finlayson, 2011Besides, ¥periencing the physical and mental
health benefits ofiealthywetland can offset some of the stress alfrtbssassociated with disastessch as
flooding, drought, and wildfire§SuttonGrier and Sandifer, 2019These 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 diseasebroelet al, 2016) Despite

these fragmentary evidences, the health effects of WP particular type of urban wetlandsare 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 wetlandtaation.

6.1.2.2Perceived Health Effects

Urban environments and their perception significantly affect residlselfsevaluated health. Urban greening

and infrastructure conditions are the main influencing fa¢tes1g, Sun and Wu, 2020Jhe 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, peopl are increasingly aware of the positive relationship between visiting parks and nature reserves
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and related health benefit8omagosa, Eagles and Lemieux, 201430, different peoplenay 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 puliperception of the health effect of WPs before, during, and after the
peak of the COVIBL9 pandemic (Peak); and (3) explore the impact of the epidemic and other factors on
peoplés 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 effectse uestionnaire 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 théseed from March 5th to 8th, 2020. We set the sample size to (@t® 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 pronaidrgethn, 2012) Also, after deducting
nontwetland park users, the sample size could be large enough for a margin of error between 3 and 5 with a 95%
confidence leve{Hazra, 2017)

Once the target number of total valid responses (1,400) was reached, data collection was Aigped.
collecting demographic data, questiongdghether you would like to visit a park/WRéter the pandemic is
over®’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 iWwRsethe definition of

WPs was given with examples of wkhown WPs: Théwetland park8in this survey include both ecological

theme parks witliwetland park8in 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 lakgsadtacological functions (such

as Shenzhen Dasha River Park, Guangzhou Lu Lake Park, Chengdy 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.

L aSh GKS [dzSadA2yyl ANB RAAGNROGdzIAZ2Y 2y (GKS ¢Sy OSyl yvaddRai A 2 vy
FYR Ylydzrfte OKSO1ISR FyR StAYAYIFIGSR AygltAR l[jdSadAaz2yglamEa o4
02t fSOGA2Y 27F 1jdzSadA2yylANBad 2SS Of2aSR (GKS ljdSaidiArA2yylFANB AYY!

202 KSy (GKS &adNWBSe 61Fa 02yRAz0GSRT GKS SLIARSYAO 61 & SELISOGSR G2 !
Ayidz2 + 3F3t20Ft LI YRSYAO FYyR KFEa y2i 2Si SYRSR® ¢KSNEFSINBEKSESY 0F
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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: (@lf wetland parks were not closed during the epidemic, and your community and
nearby roads were not closed, would you visit wetland paridyAfter the outbreak, how often do you think
you will visit wetland parks® (3) dAfter the epidemic, what do you think is the reason why your frequency of
visiting wetland parks would be increased or decreased (Please skip this gtigstiomould not change your
frequency of visits)@The survey continued only when a respondent had been to wetland parks in the year before
the outbreak. Also, respondents were asked to namdateuriteWP, and reasons why this WP was preferred
was asked using a multiptdhoice question with adther$option for the participants to respond.

These were followed by a set of questions about willingness to visit WPs during the Pélikhélyvetland

park was not closed during the epidemic, and your community and nearby roads were not closed, would you
visit wetland park? (a single choice quest®i(2) dVhether the wetland park you usually go to, or you last
visited has been reopened? (a single choice quest{@h)Ymultiple choice question wittbtheboption only

for respondents who chose the optéiirhas been opened orderly and you hlagen tdin the last question)

GAfter the orderly opening of wetland parks, even the procedures are complicated, and masks are needed, why
do you still visit the wetland park8?

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 questioaime. Two rounds of preests were conducted before Marékh to ensure

that respondents correctly understand the questionnaire.

6.2.1.1Dependent 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 seweoint Likert Scale was used to evaluate the perceived mental and physical
health effects of visiting WPs fare, during, and after the Peak. Respondents were éB&éate/During/After

the Peak, what do you think will be the impact of visiting WPs on your physical/mental besdipéctively.

6.2.1.2Independent Variables: Factors of Perceived Health Effects
This study included four levels of variables, namely city, community, WPs, and individual levels.

(2) 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 majeat 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 Peakparedareas 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 Mafith (midpoint in the sampling period), these cities were
classified into three categories: fitsvel response, namely the highest risk; sedewdl 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 andtddti@s in the communities, but could not go out of the
community unless necessary. In loisk cities, the communities were not closed. Information on the degree of
community lockdown during the Peak was collected using a satgliee question.

(3) WPs Level
(@) 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., sk rivers, coast, swamp), and the correlation analysis of preferred wetland
types in the same corresponding level of regions with health effect perception (measured irb Settipwas

carried out to study the perceived health effects of preferred wetland types.

(b) Health Effects of Ecosystem Services

This study explored thBESsfrom WPs and the health effect of th¢deSs by asking participants to make
multiple choices foPESsfirst, 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, acidiselations were involved. These examined ESs were
selected according to previous studie®P&$sn WPs (se€hapter ). 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 responddistiscicdemographic details (such as age, gender, highest education level,
professional, occupation status, and city of residence) through five-simgjtee questions and two drdpwn
guestions. Respondefiselfreported physical and mental health status before and during the Peak was then
collected through four fiv@oint Likert scale questions.

6.2.2 Data Analysis

All statistical analyses were performed using SPSS Statistics 25. Descriptive statistics were used to analyze the
respondentsprofiles. The operended questions were coded for descriptive statistics. Analysis of variance
(ANOVA) and oneway T-test were used to examine whether various factors affect perceived health effects.
Bivariate correlation analysis was used to study thetadion between seleported health status and perceived

health effects.

6.3 Results

6.3.1 Respondent§Profiles

The majority of the respondents were young and middkd (65.43% of respondents were younger than 34
years old) and have a high level of education (graduate or highguy¢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 threevels of RLPHE Figure 6-1). During the Peak, 75.3% of the
respondents lived in seddckdown communities, 18.8% were quarantined at home, and 5.9% had free access
to their homes and communities.

ot
5 L

LEGEND
Responses
1-3 ¥ g
u 4-7 RLPHE of main place of resndence
8-17 | 1stlevel .
m 18-49 B 2nd level
™ 50-167 3rd level 5
168-301 others G, 850 1.300  2,600km €y
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6.3.2 Willingness to Visit Wetland Parks
81.6% of the respondents were willing to visit parks after the Peak (N42). 76.9% of those who wanted to
visit parks also wished to visit WPs (N 1077). 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 frequerteigre6-3). 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 siigeye6-4).

(a)Frequency of visits (b)Change of visiting frequency
in the year before Ghalfeext

after the Peak the Peak alot less often | 0.10%
never been there 110 far less often | 1.45%
once in more than half a year 252 301 much less often | 0.93%
once every 4-6 months 144 139 a little less often ] 5.17%
once every 2-3 months 212 199 slightly less often [l 8.89%
once a month 147 121 no change [N 55.33%
2-3 times amonth 165 165 slightly more often [l 18.10%
multiple times a week 47 42  alittle more often [} 7.03%

much more often | 2.17%

Frequency of visits (Count) far more often | 0.62%

42 . EUu a lot more often | 0.21%
0 150 300 450 600 75

Count
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2010
N o N oy 2010
140C(/°) Censu 140(@ Census
(%)
Age Professional
1@ 4 362 25.¢15.31|architectiggg,q
environmer
284 554 39.t18.21|art & desi 1299. 2
354 232 16.519.21|hydrology 21 1.5
45 4 174 12.¢14.03|psychologyl4 1
5564 65 4. 629. 34 medi aiumes j r72 5.1
065 13 0.927.68 agriculturb56 4
Gender enylronmer27 1.
science
590 42.151. 14|soci al sci 73 5.2
e 810 57.¢48.86|Economy & 60 4. 2
Hi ghest Education Levothers 343 24.
2|:20 1.4:46.56|RLPHE of main place of
:IC:BO 5.7122.43|1st level 47333. 34.32%9
g|e|118 8.4:11.65|2nd level 39228. 50. 389
bach®!| o1655 46. 79. 37 3rd | evel 53037. 15. 319
mas®& ean .
above 527 37.¢1.02 Community closure stat
Occupation Status totally 1 ¢c26318. -
student 389 27. 7- s e mi |l ockcl10575. -
empl oyee¢882 63 - not |l ockdc83 5.9 -
cup6?2 4 . 4 ¢ -
ee 67 4 ., 7 ¢ -
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All Respondents

(n=1400)

Whether you would like to visit a
park after the pandemic is over?

NO | YES
Respondents Respondents
Group A Group B
(n=258) (n=1142)

h 4

END
(n=433)

A total of 109 respondents had visited WPs (&igure6-5) 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 motivatior®VPs are sparsely populated with low risk of infedig®6.7%),Basking

in the sun and enjoy the breé£85.8%) and&njoy the beautiful scendiy29.4%) were important driving

factors.

Whether you would like to
visit a wetland park after
the pandemic is over?

NO YES
Respondents Respondents
Group C Group D
(n=65) (n=1077)

In the year before the

outbreak, how often did
you visit wetland parks?

once in more than half ayear
once every 4-6 months

once every 2-3 months

once a month

2-3 times a month

never been there | multiple times a week

Respondents Respondents
Group E Group F
(n=110) (n=967)

Continue to finish the entire survey
(n=967)

CAdaenS alLl2yasSa FTAf (iSNA
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Haizhu National Wetland Park, Guangzhou Laoyu River Wetland Park, Kunming Dasha River Park, Shenzhen

o s AR R | s L
Bl b M s 'ﬁ‘,"_

6.3.3 Dependent Variables: Perceived Health Effects

The set of healtinelevant scale items passed the reliability test (Croribapha=, 0.797)and the validity

test (KMO measure of sampling was adequai®.(732), and Bartleds test of sphericity was significant

. 0.000)). The resultd={gure6-6) 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 thahgsical 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 WRmbedtisr 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.
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LEGEND

B -3: severe harm -1: low harm 1: low benefit 3: high benefit

-2: moderate harm 0: no effect 2: moderate benefit 1.882 mean
-3 -2 -1 0 1 2 3

PHYSICAL - before I 1.725

PHYSICAL - during [ 0.885

PHYSICAL - after | 1.882

MENTAL - before | 1.823

MENTAL - during | | 1.133

MENTAL - after | 1.937

(a) Perceived health effect before, during and after the Peak
LEGEND

-4: moderately decrease 0: no change 4: moderately increase

-3: decrease 1: slightly increase 5: much increase

-2: somewhat decrease 2: somewhat increase 6: a very great deal increase

-1: slightly decrease M 3: increase 0.114 mean
-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
PHYSICAL 0.157 [}
MENTAL 0.114 1

(b) Changes of perceived health benefits after the Peak (compared with the perception before the Peak)
CAIcNIS NOSA PSR KSIFHEGK 0SYSTAG o0ST2mB> 2RAkENFE | YR
6.3.4 Independent Variables
6.3.4.1City Level

As shown inTable6-2, 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 thet Peak (P
0.05). Respondents in the second RLPHE regions perceived the highest health benefits, and those in the first
RLPHE areas (the highessk area) perceived the lowest physical health benefits during the Peak and the lowest
mental health benefits after thedk. In contrast, respondents in third RLPHE regions (medikrareas)
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 outbreaktie #tiree types of regions, but there was

no significant difference in the change of perceived health benefits in these regions.

6.3.4.2Community Level

The lockdown level of the respondeit®mmunity during the Peak had a significant impact on the perceived
physical and mental health benefits after the peak of the epidersicQP1) (Table6-2). 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 peroead level of mental health benefits before the Peak was not considered to be caused by
community lockdown.
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6.3.4.3Wetland Parks Level
(2) ESs for Promoting Perceived Health Benefits

Most respondents thought that WPs provided habitat, recreation, air purification, and water purification services
(Figure6-7(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 physichealth, and recreation was important for mental hedthute
6-7(b)(c)). Education and social relations were least important for promoting perceived health benefits.

(a)Perceived ESs in WPs (b) ESs for promoting (c) ESs for promoting LEGEND
perceived PHYSICAL perceived MENTAL health < aesthetics
ESs health 8 X air purification
habitat 85.10% 8 O habitat V education
recreation 83.00% 0 O habitat . A flood regulation
. P water purification
air purification 82.60% . v 7 i Q habitat
water purification 72.80% air purification = recreation %k noise reduction
aesthetics 69.70% recreation X + recreation
) 6 ! L
education 58.50% 6 At R TOts8, r;gucnon <] social relations
noise reduction 9 = A
51.40% g noisel reduction 3 e O water purification
flood regulation 51.30% & @ festhetics
social relations 30.50% 5 5 education Y/
0 400 800 aesthetics <> social relations <«
Responses education 7 4
social refations <
The percentage represents the
proportion of responses that perceive a
particular ecosystem service in the total 3 3
number of responses. 123456789 123456789
Rank Rank

CAIUMIBNOSAGSR S ORABALE MR BINMEDBEY I 2F (KSANI AYLEN
KSI UK O0SYSTALU LJSNDSLJU)\QY

(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 it with the 2nd level RLPHH é&ble6-3).
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¢l octeBYLI OG 2F GKS FIFOG2NR o60AGe yR O2YYdzyAiride tS@Sto

. di fference:
N=06 7 before Peak during Peak after Peakaf4berfore Pe
physic mentalfphysic mentalphysi mentaphysicment al
CIlTY LEVEL: RLPHE of main place of residence B _ _ _
l1st level [314 1.63N11.71NJ0O.79N1 1.09N1.81N1.87NO.18NI0. 16N!I
2nd | evel |260 1.82N11.97N11.12N1 1.43N2.01N2.08NO.19NI0. 12N
3rd | evel |389 1. 74N1 1.82NJ0.81N1 0.97N1.86N1.90NO. 12NC0O. 08NI
0 e a ANO\F 1.73 3.1451|3.864 7.1672.4133.0590.406 0.7
y P 0.178 0.043[(0.021* 0.0010.09 0.0470.666 0.497
COMMUNI TY LEVEL: Community c¢closure status
totally 14178 1.58N1 1.60N]0.83N1 1.12N1.67N1.70N0.09RK10. 10K
semi lock(732 1.75N1 1.86N]0.88N1 1.14N1.91N1.98K0.16N70. 11N
not | ockd({(57 1.81N1 2. 00N]1.09N1 1. 09N2.19N2.19N0.39NC0. 19N/
o mea ANO\F 1.442 3.994(0.601 0.0355.2025.91711.774 0.27
y P 0.237 0.019710.548 0.966/0.0060. 003/0. 17 0.764
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. di fference:
before Peakduring Peak after Peak afbefore Peak

N=8%80|physic mental|physic mental|lphysic mental physic ment al
l1sltevel RL PHEH
(highest ris|N=264
rivers 36 1.81N11.81N1|/0.92N11.28RN1f{1.75RKR11.86N1|-0.06N10.06KN0O0
| akes 182 1.65N11.74N1|/0. 96N11.20RN1|1.82N11.87N1(0.127RN10.13N0
coastal/mang|1l1 1.45N1 1.36N1|/0. 73N10.91RN1f12.73R11.73N1/0.27N00.36KN0O0
ponds 5 2. 00N0 2.20N0|l0.20RNR10.40R1|{1. 80N0 2. 00NO0|-0. 20N1-0. 20N0
rivers + | akl|24 1.96N12.00N1/0.58N11.127RN1{2.25KN0 2. 25N0[({0.29N00.25RKN0
mix (O 3 typl|6 1.67N12.33N0/0.33N21.00N1(/2.67N0 2. 83N0[1.00N1O0.50N0
omgay 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 | evel RL
(high risk) |N=228
river s 28 2.07N11.93N1(1.29N11.46RN1|2.25N0 2. 21No0fo.18RN00.29N0
l akes 81 1.70RK1 1. 93N1|1.19N11.62RN1f{1.96RKR12.11RNR1|/0.26N10.19K0
coastal/ 32 1.47N11.53RN12/1.00R11.00R1|1.66RK1 1.81K1|0 9K0 0. N o
mangr oves
ponds 10 2.00N1 2.00N1/0.50RN10.60RN1(2. 10KR0 2. 20N0|0.10N0O0.20KN1
swamps 1 - - - - - - - -
rivers + | ak|33 1.82N12.15N1|/0.85N1 1.12RN1{2.18N12.18N0[(0.36KNR10.03N0
mix (O 3 typl4a3 2.30N02.26N1|1.37N1 1. 74N1(2.23N12.21N0|-0.07N0-0.05NKN0
omegay 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 O0.496
3rd | evel RL
(medi um risk|/N=358
river s 25 1.84N11.80N1|/0.84N11.00RN1|1.68RN11.68N1|-0.16KN0-0.12N0
| akes 192 1.80N11.82N1(0.81N211.03RN1f12.93N11.92RN1/0.123N00.09KN0O
coastal/ 3 2.00N11.67N1(2.00N12.00RN1|2.33N12.33N1(0.33N10.67N1
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6.3.4.4Individual Level
As shown inTable6-4, the 4% 54 age group perceived the highest physical and mental health benefits, while
the 18 24 age group perceived the lowest physical and mental health bengefit® (#5). Men perceived
higher health benefits than women €20.05). 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 vesiquegional status:
compared with before the Peak, the temporarily unemployed and retirees perceived higher mdntal healt
benefits than the other two groups after the Peak (®05).

Groups with various professional backgrounds had significant differences in the perceived health benefits
before the epidemic (R, 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 healttiitsdmefore the epidemic and physical

and mental health benefits after the Peak than other professional grogp6.0B). Manwhile, 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 selfreported physical health status before the epidemic was positively correlated with the perceived
physical health benefits before the Peak (Pearson correlati@06, P < 0.05, seeTable 6-5). The
perceived physical or mental health benefits during and after the Peak were not statistically correlated with
the selfreported physical or mental health status on the survey day. Also, the change of perceived health
benefits was not statisticallypelated with the change of seffported health status.
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Physi cal Heal t h seldported physical heal th status
before Pejcurrent |Di fferenbefocearr
befor e Pea,Pgarspn Correl|0.0609* - -
Si gt. 42l ed) 0.031 - -
during F)ea,P_ears_on Correl]|- 0.004 -
perceived Si gt. 4i21 ed) - 0.903 -
benefit after Peak Pearson Correl]|- 0. 03 -
Si gt. 4i21 ed) - 0. 356 -
. Pearson Correl]|- - -0. 004
Differebeldsi 22l ed) : : 0.91
seldported mental health status
Ment al Heal th before Pejcurrent |Differenbefocearr:
befPe @k Pearson Correl|0. 062 - -
Si gt. 4i2l ed) 0. 055 - -
during Pea,Pgarspn Correl]|- -0. 004 -
perceived Si gt. 4i2l ed) - 0.893 -
benefit after Peak Pearson Correl]|- 0. 006 -
Si gt. 4i2l ed) - 0. 85 -
. PearCsoamr el ati on| - - -0. 032
Differebel s 2l ed) ; ; 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 theiban green space and bigieeen space are beneficial to
peoplés physical and mental health (gelealth Effects of Wetland Parks and Ecosystem Seidéeesion).

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 ltte@enefits after the Peak shows that inaccessibility to WPs for a

period of time may improve percei@ 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 heeded to draw moregise 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 heattlated mavation 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: (Agpetted happiness is positively correlated with

the perceived species richness of birdstdiflies, and plantéDallimer et al, 2012); (2) the biologically

diverse natural environment can improve health by exposure to a pleasant environment or encouraging
health promotion behaviourd.ovell et al, 2014) (3) there is a strong positive correlation between
vegetation cover and personal wiadling. The relationship between human vieling and nature is weakly
correlated with changes in species richness, bird abundance, and plant(denkigy al, 2011) However,

wildlife habitatwasregarded as indirect healtalated 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 vigitWPs (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 bluegreen spaces during the Peak. There is no significant gender difference before and after
the epidemic. This is different from the wdtsof a previous study based on two of Cardadduegreen

spaces that women usually perceive higher health-lvegtlg than men from visiting nature reserves
(Lemieuxet al, 2012) The phenomenon that housewives and the elderly are more dependent on the local
environment and therefore are more susceptible to the local enviroftmenteset 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
expert® 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 wstidaeted the health benefits of visiting WPs. Besides,
health experts believe that the health benefits after the peak of the epidestighdirelower 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 docting the questionnaire, it was the assumption that there is little risk

of infection by COVID19 when visiting WPs after the Peak, which naturally excludes the effect of some
infectious diseaseelated ecosystem disservices on health perception. Maréag®rs such as the quality,

area, and naturalness of the WPs may affect higatitel and De Vries, 2017and 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-§D B@idl, 2009), General Health
QuestionnairéWhite et al, 2013) to assess health status. This could have an influence on the respibndents
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 iatdefaee survey and the suspended
express delivery in higepidemierisk regions during the pandemic, faimeface and mail surveys were not
applicable. Besides, telephone surveys were usually rejected as fraudulent calls. Thus, this study relies on
the mline 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 anihteonet

users to get involved.
6.5 Chapter summary

Chapter 6 explores the pulisgperception of the healbfenefitsof visiting WPs and the impact of thevid-

19 pandemic on the perceptioh.nationwide online survey was conductédvas 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 phapandemic. 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 visitigPs may be overestimated by Jpgople or underestimated

by health experts. The results provide empirical evidence for managing ESs as delivered by these urban
wetlands, in the context obvid-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<R@@ely determine

the extent to which public perceptions of ESs consistent with technical understafRiD8pto determine

the factorgthat influence ESs delivery in WPand<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 chaptdimgndhta
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 Bitether, acording to studies shown hhapter 4and

Chapter 5criteria of selecting these two WPs was summaiizedflowchart(Figure7-1).

This chapter provide information of both case study sites, Tianhe Daguan Wetland Park (TDWP) and Haizhu
National Wetland Park (HNWPJgure7-2). The design of HNWP is a combination of traditional Chinese
gardens and modern parks; it is wmlhintained and has comprehensive facilities. While TDWP appeared

to be wilder with fewer amenities. Majority of WPs in Guangzhou follow a similar styl@at@tiHNWP.

While the design group of TDWP, the TURENSCAPE, has numerous worldwide -auvarithg WP

projects in China.
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20 wetland parks in Guangzhou
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Fenghuang Lake WP Beigang WP Fengyunling WP Hezhizhou WP Tianhe Daguan WP

Wanzuitou WP Chikan WP Cao River WP Haizhu National WP Baiyun Lake WP
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\ 4
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7.1.1 Tianhe Daguan Wetland Park

Tianhe Daguan \atlandPark (TDWP) is locatedetweerE113246- E113250and N23106- N23°114 It
was designed in 2012 and built in 2015 and is located in the Tianhe District, where by matgciigh
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 anekservoir to collect and purify stormwater. The water flows from
northeastto soutlwestand then flows into a river. Area NO.Bigure7-3) was not included in this study
because it is separated from other areas by other sites.
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The site was lowying. 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 witliRigaee3-4 andFigure
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 wededitions; and (4) to offer recreational space for
nearby resident§sTURENSCAPE, 2018)The design strategy involved extending the texture of the water
pond and creating 'Wetland Bubbles' (ponds) by excavating soil in the centre of tRredtiteidges and
paths werereated along theonds(Figure7-6).

B5 |G &2 dzNBDS Y WangAlgtal, 2007 o6 asS YI LY D223tS8S 9 NIK
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The land cover map is shownkigure7-7. Almost half (46.42%) of DWP consists of water and wetlands.
The terrestrial vegetations comprises 41.06 percent of the total cAM@WR. Buildings and madsurface,

such as footbridges and plazas, accournbuj2.52 percent of this WP.

It has been assessed that there are more plant speti2d/ithan before it was created; the plant diversity
of groundcoveilayer 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 catchmeifit\emea L. et

al., 2019) This is the only research assessing the performance of this WP, and other ESs have not been

assessed.
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7.1.2 Haizhu National Wetland Park

Haizhu Nationd Wetland ParkHNWP) is located at E11385-E112® 16 and N2326-N235 § at the

southern end of the new central axis of Guangzkagu(e 7-8). It is the largest national wetland park in

the central area afhy megacity irChina. The river network in the park is crisscrossed. It is a compound
wetland of rivers, lakes, and orchards, with a total areg1df0 hectares, including areas open to public
(Haizhu Lake, wetland phases 1 and 2), areas open to research or educational groups (phase 3) and
conservation areagigure7-9). This thesis only exama@sthe areas open to public, namely Haizhu Lake

(HL), wetland phases 1 andR1&2), which comprised approximately 370 hectares.

Guangzhou East

w= wm w= New central axis of Guangzhou Railway Station

Tianhe Sports Centre

Zhujiang New Town

(cBD)
Landmarks of Guangzhou

Canton Tower

Haizhu Lake
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Tidal water in tidal rivers, in addition to precipitati@methe source of water for HNWP. The tide is irregular
semtdiurnal, with a yearly average tide difference of less than 2.0m between high and low tide. The tidal
range has a moderate ingnual variance, but it has a considerable4atnaual variatiorjDai et al, 2019)
The tidal rivesblow selfpurification ability has resulted in the accumulation of pollution over decades, as
well as black and smelly water and sediméniset 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 thieyrivers:
using the irregular halfiay tide, reciprocal flow has been turned into unidirectional flow, resulting in an
increase in net discharge, allowing letegm reverberating sewage to be discharged on time, thus improving

water quality(Gao, 2011)seeFigure7-10).

%51 (G a2dN®OSYSaAdNE SRYH AENIDTH A H M
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floodgate Pumping Station Floodgate and Pumping Station river river ((with main flow direction))
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Since 2010, the Haizhu District has been working on the Riake Linkage Project, which includes the
excavation of Haizhu Lake. In March 2012, the State Council agreed to adopt the pdlignsfer only
without expropriatiot® for orchard wetlands (which was also calléde highbed lowditch orchard
systenf Figure7-11) for protective land acquisitiotn 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 27.96(Gao, Tang and Meng, 2019)he internal irrigation and drainage canals in
the Phase 2 are about 5.3 kilometres long, with a widthdofm2tres and a depth of 618 metregLi and
Chen, 2015)In February 2015, the Haizhu Wetland Phase 2 was completed. The number of visitors to the
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B¢ KS O2yOSLII 2F BHGONI yaTFSNI 2yf & 6AGKZ2dhiz SELMNEQINA2 Vi A2 Nk Adef & dziy
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Haizhu Wetland throughout the year increased from 3.75 million in 2013 tor8l#h in 2019. In 2017,
the number of toubus departures reaaghapproximately720, and the number of battery boat departures
wasaroundl,440. After dredging through rivers, the sediment returns tditifebed low ditch orchard
system andwasused as a pond mdeltilizer to be applied to various fruitdypendix A- 3), and the total
yield and qualitywereimproved. 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 2Dit8.2020)

|| |

bed "ditch | bed T ditch bed
CA JUENBK S KIR RA2000K 2 NOKIF NR agdaidsSy
In 2018, the economic value of seven ESs (including agricultural resources, water conservation, water
purification, climate regulation, wildlife habitat, recreation, and environmental educatieiNWP was
calculated, revealing that the total ESs value is around 8 idiliBon CNY per year, with provisioning and
regulating services valued at the highest (6@n@lion CNY per year), provisioning services and cultural
services coming in second and third, respectively @ilion CNY and11.22million CNY per year)

(Xie and Guo, 2018)

Between 2019 and 2022, a Quality Improvement Project (QIPtovasicted inHNWP. 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,mprovement of habitat for egrets breeding), as well as the upgrading of hardscape system
(e.g., pedestrians, biaatching house, scientific research room, visitor centre at the south entrance of the
Wetlands Phase 2, etc.), and the upgrading and traretformof the forest ground covgpai 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 Ciai, 2021)

The timeline of the development BINWP is summarised ifrigure 7-12. And Figure 7-13 shows the

satellite image before the creationH¥IWP.
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Sep 2011 _ JF” 2020
Jul 2010 Opening of Haizhu Lake Park Opening of Haizhu Wetlands Phase 3 _
o } ) gonly to groups of research and environmental educatic
Beginning of the Haizhu Lake Prgjéct Feb 201

Opening of Haizhu Wetlands Phase 2

2009 2010 2011 2012 2013 2014 2015 2016|2017 2018| 2019 2020 2021 2022
2008 2022

Oct 2012
Opening of Haizhu Wetlands Phase /&ug 2016

Beginning of the Phase 3 project
Aug 2008 Jun 2018

Proposal of transforming Haizhu Orchards into wetlands Beginning of the Quality Improvement Project
in Haizhu Lake, Wetlands Phase 1 and Phase 2
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Based on two Worldviev2 images that contaitdNWP and its surroundings, the land use and land cover

(LULC) map was produced={gure 7-14 and Figure 7-15). The process of producing the LULC map is

presented i\ppendix- B Land use and land cover data preparation for case study sites

In 2021, 35.92% oHNWRP consists of water and wetland, with a 2.09% increase in total wetland area
compared to 2019 levels. Open water (lake and river), marshtisiesand and mud, ditch in orchards,

and paddy field, make up the wetland system in HNWP. Moreover, 34.70I\MP is comprised of
orchards (beds alone) in 2019, decreasing to 26.03% in 2021. Currently, buildings amaadessurfaces,

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, opemwooded grassland, grassland, field crops. Since the majority of trelddi\WiP are
evergreen broatbaved trees mixed with a limited number of deciduous conifer treesqiyptostrobus

pensilisandTaxodium distichui this study did not distinguish between the two types of woodland.
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