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ABSTRACT

Natural wetlands play a vital role in maintaining
regional water balance, regulating regional
climate, and maintaining biodiversity. Due

to urban sprawl in China, the loss of natural
wetlands has been dramatic. In recent years,
nature-based solutions, including wetland parks,
have been advocated to compensate for this loss
and to reduce vulnerability and disaster risks. As a
result, inspired by natural wetlands or building on
existing wetland ecosystems, hundreds of wetland
parks have been created in China over the last
decade. Most research on ecosystem services of
wetland parks has to date focused on technical
perspectives, with only a few addressing public
perception; the public’s perception of wetland
parks is not well understood. This research

used social media (i.e. Sina Weibo) to access
large volumes of data and provide temporal and
geographic granularity. A semantic analysis of
microblogs was performed to understand how
the public perceives the ecosystem services of
wetland parks in Guangzhou. This study explored
the public’s perceptions and compared these
with the ecosystem services as communicated
by professional institutions, and probed into

the factors that affect these perceptions. The
results showed that the top three ecosystem
services perceived by both the general public
and communicated by institutions are recreation,
aesthetics, and refugia / habitat. There is a
strong interconnection between the perceptions
of recreation and aesthetics services. Flowering
plant species and colored-leaf trees are the
most important stimuli affecting perceptions

of aesthetics services, and birds are key to the
perception of refugia / habitat services. These
results provide a basis for better aligning
management of projects utilizing nature-

based solutions, such as wetland parks, with
expectations from the public.

KEYWORDS
Nature-Based Solutions; Wetland Park; Ecosystem
Services; Perception; Social Media
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1 Introduction

1.1 Nature-Based Solutions and Perceptions of Ecosystem Services
Human sustainable development is facing many challenges such
as climate change, urbanization, water supply, and disaster risks.
Nature-Based Solutions (NBS), which refer to actions inspired

by, supported by, or copied from Nature'", have been proposed
for coping with these challenges. NBS involves directly utilizing
the ecosystems with minimum intervention and restoring the
ecosystems by following natural laws. These cost-effective long-
term solutions represent an interdisciplinary umbrella approach
that encompasses experience from existing concepts such as
“blue-green infrastructure” in Engineering, “natural capital” and
“ecosystem services (ESs)” in Economics, and “landscape function”

P41 Tt aims to improve local ecological

[2]15]

in Environmental Planning
and social sustainability, to ensure long-term productivity ", and
to sustain and potentially increase the ability to provide ESs to
humans'.

ESs are the direct or indirect benefits that people get from the
ecosystem. Mainly, ESs are grouped into 4 categories: supporting,

1.telt

provisioning, regulating, and cultural.’"”? There could be a cascade

from ecosystem functions to ESs, and finally to benefits, indicating
that the definition of an ES depends on human activities or wants'®.
Therefore, understanding public perceptions of ESs provided
by NBS is crucial for the development and communication of
sustainable management and policies””’. Public satisfaction remains

10 and

a key output that interests the managers of NBS projects
the participation and support of citizens in the management of
blue-green infrastructure is usually upon their understanding of
ESs!"'. Moreover, existing research has shown that sets of ESs could

appear together repeatedly, as an ESs bundle!”

. Understanding the
interconnections among ESs can help the managers with the synergy
between ESs and promote management policies that improve the

benefits to humans!*'"*.

1.2 Wetland Parks: A Nature-Based Solution

Recent decades have seen a sharp decline and degradation
of wetlands in China. From 1978 to 2008, the total area of the
country’s wetlands decreased by about 33%!". In the remaining
natural wetlands, ecological functions are disappearing, and the
ecosystems have deteriorated'®’. Since 2004, a large number of
wetland parks (WPs), as an NBS, have been built in China to
protect, compensate, and rationally utilize wetland resources'”. Up
to the end of 2017, in Chinese Mainland, a total of 1,699 WPs have
been created"”.

The design and construction of WPs often employ three
strategies: 1) inspired by natural wetlands (e.g., constructed vertical
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flow or subsurface wetlands, floating raft systems); 2) supported

by natural wetlands (e.g., the Taihu Lake National Wetland Park

in Suzhou); 3) imitating natural wetlands with low-tech or easily-
operated measures (e.g., free-water surface constructed wetlands

which are similar to natural swamps).

WPs can considerably improve the rate of ecological
restoration, conserve urban water sources, maintain regional
water balance, regulate regional climate, reduce pollutants,
protect biodiversity, and provide recreational opportunities'”'*”,
Furthermore, they are created to help mobilize social strengths to
participate in wetland protection and enhance the ESs that benefit
human well-being'"”. However, research on the public perception

of the ESs offered by WPs is insufficient.

1.3 Using Social Media to Study Public’s Perception of ESs

Massive data collection from the Internet enables us to access
unprecedented amounts of self-reported data across geographic
domains in a short period of time*'. In recent years, more and
more Chinese citizens express their opinions, post travels, and
share moments and experiences via social media such as Weibo and
WeChat. Such self-reported data have been used to study people’s
perception on environmental elements. For example, scholars
modelled the perceived boundaries of the city center and identified
popular landmarks in Vienna'*; online feedback data were used
for a post-occupancy evaluation of urban historic conservation
areas in Beijing™”'; photos posted on social media can be a source
for exploring the relations between cultural ESs (e.g., aesthetics,
recreation, and local identity) and landscape features'".,

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'’. Users can post texts,
pictures, videos, and links openly”, which are accessible to all
users.

The users of Sina Weibo can register their accounts as
individuals and institutions. Institution users, in this research,
include government departments, park management offices, public
media, academic institutes, NGOs, and NPOs, which usually have
a large number of followers. Apart from official WP management
entities, other institutions do not directly involve the management
or operation of WPs. Still, their publicity will, to some extent,
reflect the management of WPs as well as citizens’ feedback on
related aspects, and could provide guidance to the public. This
research compares the microblogs by individual and institution
accounts, to probe into the similarities and differences between the
general public’s (i.e. individuals) perceptions of ESs, and the value
of ESs expected by the professionals (i.e. institutions).
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) This study excluded

the microblogs that
set as "to me only” and
“to followers only,”
because such data
might involve privacy
concerns, and the use
of these data would
violate ethics and be not
allowed by the Terms
and Conditions and
Personal Information
Protection Policy of
Sina Weibo.
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The location setting up
is for another reason
that many people
visiting the WPs in
Guangzhou live or post
microblogs in the city
or other adjacent cities.
Admittedly, though

this setting verified the
locations of the WPs
studied in this research,
the microblogs that
"disable location
services” may be
omitted.
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Although a user’s comment may not cover all the perceived
values or benefits of the ecosystems, what a person is willing to
record or share could be the most noteworthy ESs. This research
attempts to answer 4 questions: 1) What ESs do the public
perceive from WPs? 2) What are the interconnections between
perceived ESs? 3) Do the public perceive the same ESs as what
professionals identify? and 4) What factors could affect people’s

perceptions on ESs?

2 Research Area and Methods

2.1 Research Area

Guangzhou is a mega-city in southern China, covering a
total area of 7,434.4 square kilometers, with around 15 million
residents™®. As a region where the rivers of the Pearl River
system meet and flow to the South China Sea, Guangzhou has
abundant water resources, but is extremely vulnerable to floods.
Over the past 40 years, the area of wetlands in Guangzhou has
decreased dramatically; large areas of mudflats have been replaced
with urban development””. To protect wetland resources and
strengthen the city’s resilience to floods, 20 WPs have been created

in Guangzhou in the last decade”””).

2.2 Methods
2.2.1 Data Collection

This research used GooSeeker as web crawler to crawl the
data from Sina Weibo throughout the year of 2019. The names
of the 20 WPs were used as keywords to search the microblogs
on the Advanced Search Engine of Weibo with their Uniform
Resource Locator copied to GooSeeker for data collection. The
search location was set as Guangdong Province, to which the City
of Guangzhou belongs, to screen out the WPs with same names
in other provinces in China (e.g., there is another Baiyun Lake
Wetland Park in Shandong Province)®; only for those with similar
names in Guangdong Province (e.g., there is another Dasha River
Park in Shenzhen), the search location was set as Guangzhou. Text
content, post date and time, user ID, and user type (individual or
institution), were collected. The research obtained text contents
of 10,633 public microblogs (picture and video contents will be
analyzed in future studies).

All data collection and analyses relied on anonymous data (i.e.
no personally identifiable data was collected or analyzed) and adhered
to the Terms and Conditions and Personal Information Protection
Policy of Sina Weibo. Additionally, the GooSeeker strictly abides by
the Robots Agreement. This research has been ethically approved
via The University of Sheffield’s Ethics Review Procedure, as
administered by the Department of Landscape Architecture.
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2.2.2 Data Pre-processing

Social media data is often noisy, unstructured, or
heterogeneous'™”; inevitably, irrelevant data will be collected
because of the incorrect segmentation of the search engine. Only
original microblogs, expressing the users’ experience, perception,
or feedback of visiting the WPs, were regarded as “relevant 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 have
different followers, non-repost messages with the same or almost
the same content posted by different institutions were included.

2.2.3 Generating Categories and Coding of ESs

The study further screened out the irrelevant information from
the relevant microblog texts. Besides, sometimes cyber language
causes confusion with keywords for identifying ESs. For example,
the character “f%” (duck) can be a signpost to the refugia / habitat
services (an ES), but recently microbloggers tend to use it as an
alternative to the modal particle “I4” (“ah”). Therefore, the
analysis might be biased if depending merely on words filtering.
The basic unit of meaning analysis in natural language processing
is sentence, which yet is not a simple linear sequence of words".
Hence, the irrelevant information of the collected relevant
microblogs was also manually excluded, and the sentences were
manually audited and coded according to their meaning.

The categories and coding criteria of ESs (Table 1) were
generated under the most-adopted ESs classification systems'”,
Each ES sub-category was coded with its corresponding category
and a number. Microblogs that stated the value of a perceived
ES as low were coded with a negative mark (-). For example,
when a microblog described that a WP has a low aesthetics value
(e.g., messy, not attractive), it was coded with “C2-" (negative
perception of aesthetics service); when one mentioned the harm
caused by an invasive species, it was coded with “S2—” (negative
perception of refugia / habitat service)®.

2.2.4 Analysis of the Popularity of WPs

This analysis audited the occurrence frequency of various WPs
(i.e. microblogs relevant to WPs). Generally, the higher the relative
occurrence frequency of a WP on Weibo is, the more popular
it will be**. Thus, in this study, the popularity, i.e. the relative
occurrence frequency of each WP was obtained by dividing total

28][29
281291 wetlands types,

relevant microblogs by its area. The names
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
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Although the
appearance of invasive
species shows that
the WP provides a
habitat for invasive
species, the possibility
of providing habitats
for a lot more native
species is reduced
considerably (Source:
Ref. [31]). For example,
Mikania micrantha and
Bidens alba, common
invasive plant species
in Guangzhou, could
threaten the survival
of native plants and
result in a reduction in
biodiversity (Source:
Ref. [32][33]).
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Table 1: Categories and coding criteria of ESs for microblogs

Rt ( SRERRUTRER)

ROt ( SRBRRLUTRER)

ETRRIRS i ) - : ETRRIRS R : - -
ES Code Coding t-:rlterlon (w.hen a microblog ES Code Coding (I:rlterlon (w-hen a microblog
mentions following contents) mentions following contents)
=37 P1 KRFEY. hHBEDNERER (ORIEY. B 2l R8 YRS TE RN IEE)
Food R. &) ; BREHNED Pollination Movement of floral gametes for the reproduction of plant
Name of food products that are produced from plants, populations
animals, and microbes (e.g., crops, wild fruits, and fish); SRS
activities to harvest food Regulating £YBA R9 HREE. ERFERMEERNNENE ( ZHREEN)
service Biological control Disease regulation, pest regulation, trophic-dynamic
KA P2 R, KE. RKBEMHEE. REFFHRRIKK regulations of populations (predator control)
Water supply Fresh water storage, retention, and supply by watersheds,
reservoirs, and aquifers [E153 R10 FEARIRE; EMRE
Noise reduction Noise reduction; quieter
BERR P3 KEURHERL, SIRA4% (WA, 24) ; 2R (o
HERARSS Raw material AKAE) 5 R (A%E) 5 a8 EFRER. AAERTIN S1 FOPERAERE (BINER. BEEIR )
Provisioning Get raw materials, including fiber (e.g., wood and silk], T = The process of nutrient cycling (e.g., nitrogen fixation, and
service construction materials (e.g., lumber), fuel (e.g., firewood), Nutrient cycling, phosphorus cycle)
and fodder TSRS photosynthesis, and
Supporting primary production
ERR P4 W SR 1 B O B AR = service
Ornamental resource Collect ornamental animal and plant products for sl S2 FAEDBEYREM; SEENEDEXNED
decorative use Refugia / habitat Habitat for wildlife resident and transient populations; do
activities related to wildlife
HERFR P5 AFiEBEHMEYRARNERMEEES
Genetic resource Genes and genetic information used for animal and plant il c1 HATRARERD (AAETSHRME. HRFRE S SMRRIES) )
breeding and biotechnology Recreation Recreational activities (e.g., eco-tourism, sport fishing,
and other outdoor recreational activities)
KRR P6 MESRGRIRMKARLEY
Natural medicine Get natural medicines from the ecosystem x% C2 HEEWHRSHHESTT
Aesthetics Enjoy beautiful scenery or fragrance
=EREF T R1 REUEYFERSET (WRETE. REAUYKTR
Air quality regulation ) SRREERE peiF 2413 C3 BRI 3 S Ak B9 S IAFAE
Regulate the atmospheric chemical composition (e.g., Cultural diversity Landscape features that reflect regional culture
carbon dioxide and oxygen balance, and sox levels
control); better air quality BN ETNRENE Ch Winh h RE 7 Pk # F 35
Spiritual value and Regard the place as a religious or sacred place
SR R2 FPLBMERABE. FBKRAMEDRTHSELRE religious value
Climate regulation Regulate local and global temperature, precipitation, and
other biologically mediated climatic processes HESMRKR c5 B AEFKFHIR ( RIERFEEREE )
Education and knowledge Gain knowledge from the WP [i.e. formal and informal
FILIET R3 SEMMH. HKHE. RERE. RIKERS system education)
Disturbance regulation Storm protection, flood control, drought recovery, SALIRSE
hurricane reduction, etc. Cultural HEXR Cé BAMSINT SthAENHERPEAER; IRCMEE
service Social relation ABERD R EPE D Z RIS B
KEEH R4 R, BUKHESKEMENHEFEE (MBRER. T Organize or attend events to interact with other people
BATHIRS Water regulation 255 ) or make friends; mark the places recommended by web
Regulating The timing and magnitude of runoff, flooding, and aquifer celebrity and share with friends to gain social belongings
service recharge (e.g., natural irrigation and drought prevention)
AR NME c7 RIS EGE RS
K4k R5 TRFDBEKEEANESRABNEDSERYR; & Cultural heritage value Landscape features that reflect local history, traditions,
Water purification PR / EF4EIK and wisdom
Filter out and decompose organic wastes or nutrients
introduced to water related ecosystems; better water R [of:} ALK, FRENERERZR
quality /cleaner water Inspiration Get inspiration for art, poems, etc.
BRI TR R R6 RS (BIMBALELARTB Y BiERAX. R H AR PRk c9 MR ERERORRER (R REE)
Erosion control and B REAMNTIERA; EATIE L) Sense of place A person's special experience in a specific environment
sediment retention Soil retention (e.g., prevention of landslides; prevention of (feeling stimulating, happy, etc.)
loss of soil by wind, runoff, or other removal processes;
storage of silt in lakes and wetlands) ETRFRERS ES- BIAA T A KBTI LSRG IRE
Ecosystem Functions of ecosystems that are perceived as negative for
TIEF AR R7 TSR (FIIERMRETETNINIRE ) Disservice human well-being
Soil formation Soil formation process (e.g., weathering of rock and the
accumulation of organic material)
i NOTE

LRADIRID ST B 575 SCHR[T]o
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The coding criteria were adopted from Ref. [7].
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mentioned ESs associated with relevant microblogs was also
counted. The influence of wetland type was also examined.
Furthermore, the location data (i.e. longitude and latitude) of the
WPs, sourcing from Baidu Map® were processed with ArcMap to
visualize the spatial distribution and the popularity of the WPs.

2.2.5 Semantic Analysis

Semantic analysis of the microblog texts relevant to each ES
in a WP was conducted by using Python 3.7 to identify the key
factors (i.e. keywords for perception) that affect the perception of
ESs. All microblogs relevant to an ES sub-category in a WP were
analyzed as an analysis unit.

Unlike English, which delivers text in the form of words
neatly delimited by spaces, Chinese texts require first a
segmentation process to identify the words that make up an
utterance™. Jieba, a Chinese word segmentation module
in Python 3.7, was used in this study. Although Jieba can
recognize and record new words, editing customized terms (i.e.
user dictionary) ensures a higher audit accuracy'”'. Text sets
sometimes contain high-occurrence but meaningless words,
which causes noise and increases the confusion between texts.
Using these meaningless words to construct a stop-word
dictionary can increase keyword density and make the keywords
more concentrated and prominent’,

According to the microblog contents, this study manually
expanded the user dictionary, stop-word dictionary, and
synonym dictionary, to improve the accuracy and validity of the
segmentation””, The user dictionary is constituted of proper
nouns (e.g., names of scenic spots, animal and plant species,
technological terms), idioms (e.g., visitors in a steady stream, “%%
ZEAR”), and phrases (e.g., storm water regulation and retention,
“MIHLIAE ). The stop-word dictionary includes function words
(i.e. adverbs, connectives, structural particles, modal verbs and
particles, conjunctions, prepositions, and quantifiers) and some
notional words (i.e. names of WPs; names of districts, cities,
regions, and countries; dates; time). The synonym dictionary
consists of different expressions with the same meanings.

The text data was visualized in form of a word cloud with the
WordCloud Library in Python 3.7. Important text information
was accurately and quickly extracted””. The most frequent 20
words of each WP were extracted and visualized in this research.

2.2.6 Interconnections among Perceived ESs

Association rule mining was then conducted to explore the
interconnections between the perceived ESs. The association rule
is “an expression of the form X—Y that whenever X seems, Y

2»[38]®

also tends to appear . Here, the Frequent-Pattern growth
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Baidu Map is a web
mapping service
application in China
that offers the widest-
covering and dynamic
map information.
Initially association
rule mining was used
to identify the inner
links between different
goods that customers
bought to understand
customer buying habits.
It has been widely used
in relational databases,
data warehouses, and
text databases (Source:
Ref. [39]).
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For example, in dataset
{A,B,C, D} {A DL{A B,
C}, {B, C}, {B, D}, and {A,
B}, A appears 4 times,
which is expressed as
{A: 4}; among these

4 times, B appears
simultaneously 3 times,
which is expressed as
{A: 4, B: 3}. Here, B: 3is
the branch of A: 4.

A bivariate Pearson
Correlation analysis
was also ran in SPSS.
As a result, the
correlation was not
statistically significant
(Sig. = 0.548).
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(FP-growth) algorithm, the most efficient algorithm to identify

B840 was adopted.

frequent item sets for association rule mining
The output of the FP-growth algorithm is an FP tree. The root
node is an empty set, and each node is a single element, which stores
its occurrence frequency in the dataset. Besides, the nodes with
similar elements are inter-connected by links, which can be regarded
as a linked list. A same element can appear multiple times in the FP
tree, corresponding to different frequent item sets depending on the
location®. In this research, the FP tree was built with Python 3.7

according to a script proposed by Peter Harrington'*'.

3 Results

3.1 Dataset Description

In total, 10,633 microblogs generated in 2019 were crawled;
approximately 50% of them (5,358) posted by 3,602 individuals
and 125 institutions were audited as relevant. Specifically, 112
individuals posted more than one message for a single visit; 275
individuals posted about a same WP more than once; 43 individuals
posted more than one microblog for one trip and visited a same WP
for more than once; and 172 individuals posted about more than
one WP (90% of these individuals visited two WPs). Among the
relevant microblogs, on average, 46% mentioned ESs in each WP.
As shown in Table 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 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.

3.2 Popularity of WPs

Throughout the year, the popularity of each WP varied
considerably. As can be seen from Table 2 and Figure 1, among the
5 relatively popular WPs (popularity > 0.5) regarding the 6 WPs , 4
are located in the central area of Guangzhou and the other, Nansha
Wetland Park, is situated at the city border; 5 of them are with
inland constructed open water bodies, including lakes, reservoirs,
and ponds. Less attention was paid to riverine and coastal WPs.
According to Figure 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 WPs”.

3.3 Perceived ESs in WPs

Figure 2 presents the results of the percentage frequency of
perceived ESs in the 6 WPs, by both individuals and institutions. The
percentage frequency is the microblogs which mentioned a given
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Table 2: Overview of WPs in Guangzhou and related microblogs to them

& [EESZIEE SRR R ESHIRIEH ESiZR=E
= =4 B3] Are; Number (4185 / hm?) Number of Rate of FEE BR
No. Name Type (hm?) of related Popularity microblogs mentioned Master plan Site photo
microblogs (piece / hm?) mentioned ESs ESs (%)
1 BIHRERIE A E AT, R, RE 891 2,538 2.85 1,201 47.32
Haizhu National Wetland Park B
Artificial lake, river,
orchard fish ponds
2 [Eayiiat N | AT 187 904 4.83 335 37.06
Baiyun Lake Wetland Park Artificial lake
3 T35 (AW ) SEHARE 3 46.8 756 16.15 325 4299
Tianhe (Daguan) Wetland Park Reservoir and ponds
4 R AR T AT 256.6 606 2.36 359 59.24
Huadu Lake Wetland Park Riverine, artificial
lake
5| muEhAE F. TR 376 - 082 . 5214
Nansha Wetland Park Coastal,
mangroves
6 fz2= 0 ik N AT# 307 109 0.36 94 86.24
Gualyu Lake Wetland Park Artificial lake
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Table 2: Overview of WPs in Guangzhou and related microblogs to them

- mxumy | Swoeg | RERISRRES | LSRMES
s = ES] ol Number | (8% /hm?) Nﬂ‘-“%‘fﬂf . iz&f-;s
No. Name Type (hm?) of related Popularity .um er of ate ‘? S
microblogs (piece / hm?) microblogs mentioned
mentioned ESs (%)
T# FRYR BT /A B ATH# 34 55 1.62 31 56.36
Fenghuang Lake Wetland Park, Kowledge City Artificial lake
8# U b /N o R ATH 38.4 2 0.05 0 -
Beigang Wetland Park Riverine, artificial lake
9# PN Cpiva: YNz JE . AT 33.69 10 0.30 8 80.00
Fengyunling Wetland Park Riverine, artificial lake
10# B gt E R 7 14 2.00 1 78.57
Cranes' Islet Wetland Park Riverine
14# e kR A LN RIE. IR 186 1" 0.06 9 81.82
Seagulls’ Island Mangrove Wetland Park Coastal, mangroves
12# PR b LN R 55 1 0.02 0 -
Dasha River Wetland Park Riverine
=3
13| EIRSENEHRAR BRI 13 1 0.08 1 100.00 1. BRARFERETS
Nansha Coastal Greenway Wetland Park Coastal, mangroves & 3HR[271[28], A
Pl S 1 B R R T Google
14# BRI EX S AR SR 15 0 - 0 - IR, BHAEKRE
Nangang River Wetland Park Riverine mfEERR;
2. “#7 RFIZE A E
154 TRR R B AR SRS 46 0 - 0 - RAEFREUR BT
Liuxi Hot Spring Wetland Park Riverine #w, ‘" RF2019%
ZE /A 4 A 182 AR
16# BLRBHARE NS 22 0 - 0 - FFifo
Shimalong Wetland Park Reservoir
NOTE
17% BiEEEh A ATL# 110.5 1 0.01 0 - 1. Information of the WPs
Baihaimian Wetland Park Artificial lake were sourced from Ref.
[27][28]; site plans of
18* B SR B ATH 19.5 1 0.05 0 - the WPs were sourced
Wanzuitou Wetland Park Artificial lake from Google Earth; and
photos of the WPs were
19* FRITH A JE . ATH 61 0 - 0 - shot by the authors;
Chikan Wetland Park Riverine, artificial lake 2. “# means WPs with
insufficient data for
20* R A R SR 28 0 - 0 - analysis, “*" means WPs
Caohe River Wetland Park Riverine that were not open to the
public in 2019.
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(C2) FERMY (ML) W2 bl v SN 7y 43 e e (73.5% )
T WA e FEAR I 23 el | VD0 i 2 el TR R I b 2
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ES divided by the total number of microblogs that mentioned
ESs. 8 types of ESs, namely water supply (P2), raw material
(P3), genetic resource (P5), soil formation (R7), pollination (R8),
biological control (R9), nutrient cycling, photosynthesis, and
primary production (S1), and spiritual value and religious value
(C4), never mentioned by any of the relevant microblogs.
Cultural services were the most perceived ESs: 1) 35.0% ~
66.4% of the microblogs mentioned recreation (C1) in each WP;
comparatively, the recreation services of the Nansha Wetland
Park had the lowest percentage frequency of perceived ESs; 2) In
terms of aesthetics services (C2), Tianhe (Daguan) Wetland Park
had the highest percentage frequency (73.5%), while Baiyun Lake
Wetland Park, Huadu Lake Wetland Park, Nansha Lake Wetland
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Park, and Gualyu Lake Wetland Park had a lower percentage
frequency (less than 22.0%); 3) 9.0% ~ 25.5% of the
microbloggers who perceived ESs in the WPs mentioned about
social relation services (C6); 4) The percentage frequencies of
perceived education and knowledge system services (C5) and
sense of place services (C9) were less than 5% in all WPs; and 5)
Cultural diversity (C3), cultural heritage (C7), and inspiration
(C8) were rarely perceived in most WPs.

Only a minority of the microbloggers (less than 10%)
perceived provisioning, regulating, and supporting services as
noteworthy. The provision of food (P1) was mostly perceived
in the Gualyu Lake Wetland Park and relevant microblogs
were mainly about fishing activities. The provisioning services
of ornamental resources (P4) and natural medicines (P6)
were rarely perceived as noteworthy—only two individual
microbloggers showed the collages made with fallen leaves
collected from the Haizhu National Wetland Park and
Huadu Lake Wetland Park; another individual posted the
bookmark made with the flowers collected from the Haizhu
National Wetland Park; a microblog recorded the medical use
of Plumeria rubra found in the Huadu Lake Wetland Park.
The percentage frequency of perceived air quality regulation
(R1) was relatively high across all the regulation services.
Disturbance regulation (R3) and water purification (RS)
services were little perceived, even in WPs designed for flood
control and water purification, such as Tianhe (Daguan)
Wetland Park. Noise reduction (R10) was casually perceived
in all the 6 WPs. Water regulation (R4) as well as erosion
control and sediment retention (R6) were only perceived once
in Haizhu National Wetland Park and Nansha Wetland Park.
The perception of refugia / habitat services (S2) showed a vast
disparity among the 6 WPs: 70.5% for the Nansha Wetland
Park, while only less than 5.0% for the Tianhe (Daguan)
Wetland Park, Huadu Lake Wetland Park, and Gualyu Lake
Wetland Park.

Although the percentage frequency of perceived ecosystem
disservices (ES-), i.e. the negative impacts on human well-being
accompanied the ESs, was low, it was sometimes perceived in

all the WPs.

3.4 Interconnections among Perceived ESs

The analysis of association rules (Fig. 3) shows a strong
interconnection between aesthetics (C1) and recreation
(C2) services in 5 of the 6 WPs (except the Nansha Wetland
Park). Sometimes social relation services (C6) were related to
recreation services (C1): 31 times in Haizhu National Wetland
Park, 11 times in Baiyun Lake Wetland Park, 26 times in the
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Tianhe (Daguan) Wetland Park, and 27 times in Huadu Lake
Wetland Park. In Tianhe (Daguan) Wetland Park, recreation
services (C1), aesthetics services (C2), and social relation
services (C6) were mentioned 17 times simultaneously. In
Haizhu National Wetland Park and Nansha Wetland Park,
refugia / habitat services (S2) were often perceived along with
aesthetics services (C2). Sometimes, air quality regulation
service (R1) and recreation (C1) or aesthetics (C2) services were
perceived simultaneously (for R1 and C1: 13 times in Haizhu
National Wetland Park, 6 times in Huadu Lake Wetland Park;
for R1 and C2: 12 times in Haizhu National Wetland Park).
The interconnections among other ESs were not obvious (i.e.
frequency less than 6 times).

3.5 Individuals’ Perceptions versus Institutions’ Publicity

Figure 4 compares the percentage frequency of perceived
ESs by individuals and institutions. The percentage frequency
of perceived recreation services (C1) ranked top for both

individuals and institutions, seconded by aesthetics services (C2);

whereas, the disparity between individuals and institutions was
significant—33.1% versus 93.3% and 23.3% versus 73.7%,
respectively. The other two most frequently mentioned ESs were
refugia / habitat services (S2) (perceived by 7.7% of individuals
and 64.8% of institutions) and social relation services (C6)
(perceived by 8.5% of individuals and 58.1% of institutions).
26.8% of microblogs posted by institutions mentioned the
education and knowledge system service (C5), which was rarely
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perceived as noteworthy by individuals (0.7%).

This study further selected three ESs, namely recreation (C1),
aesthetics (C2), and refugia / habitat (S2), due to the sufficient
data collected, to compare the perception differences between
individuals’ perception and institutions’ publicity throughout the
year. There was no obvious monthly distribution pattern found in
frequency of perceived ESs. The ratio of the number of microblogs
posted by institutions, compared with individuals, is higher in
refugia / habitat services (S2), especially in the Nansha Wetland Park
and Baiyun Lake Wetland Park. In Baiyun Lake Wetland Park,
the number of microblogs related to negative perception of
refugia / habitat services (marked with “~”) was high, especially
indicated by individuals. Institutions posted little about ESs in the
case of Gualyu Lake Wetland Park.

3.6 Stimuli to ESs Perceptions

The word cloud analyses (Fig. 5) display the stimuli to the
positive perception of ESs varied across the 6 WPs. The larger
the size of a word is, the more frequently it occurs and the more
important it is. The identified stimuli were commonly found in the

WPs but seeing a varied degree of influence—for instance, Ardeidae

VOLUME 8/ISSUE 3/ JUNE 2020

cz 652C7R
6116 5
csc252 1szc C7R1
61 532
|

W © EE, Eckart Lange

MBI R AR
LS R REIRSAIT
FE=ng

FP-tree of ESs
perceived in the 6 WPs



b EXFONMBHA R S

RS (C1) . EFR

10/
% (C2) MAB LIRS i
(52) B ABELSHL 90.0%
MEZZERIRIEY 80.0% |
4. Overall and monthly 70.0% [ | -
comparison between 60.0% —
individuals' perceptions 50.0% | |
and institutions’ 20.0% | |
publicity of recreation :
(C1), aesthetics (C2), 30.0% -
and refugia / habitat 20.0% .
services (S2) in the 6 10.0% E;
WPs. Sl — —j—-——- > =
0.0% -— @ - -_— - o= o 3
52 Pl P4 P6 R1 R2 R3 R4 R5 R6 R10 C1 2 8 €5 C6 c7 c8 . ES- *fm
B
= #H49 Institution ® A Individual 4

BN, #5% (Ardeidae ) VEAWIEHIIRSS (S2) BABEHFEK, 7E/4E as a stimulus for the perceptions of refugia / habitat services

AR M2 el & FE B VR B R T rE VR A el (S2) was more important in Huadu Lake Wetland Park than in
TEAR B, (RSB S (1) i Zes  Nansha Wetland Park.
B S AT B AT IO R B SR 2R e Stimuli to recreation services (C1) saw a variety among

S WA A MR BT A B R s A different WPs, i.e. people reported that they took part in

varied recreational activities: stimuli were more diverse in the
Bl P RITR /N TR AIE e iR /A R AT IR 4% 5%
e e Haizhu National Wetland Park and Gualyu Lake Wetland

Park, compared with Baiyun Lake Wetland Park where most

BHERTHA R A=A R ESTIN S Bih: YN TEERHE A [l /Nl HELHIE A E

Haizhu National Wetland Park Baiyun Lake Wetland Park Tianhe (Daguan) Wetland Park Huadu Lake Wetland Park Nansha Wetland Park Gualyu Lake Wetland Park

80 45 100 35 10 20
‘_ ||I|| cii . | ||I||||I L g | | W BN T
B s o S B ok R B B ok TR R R S S Bk Ik S Ak St S S Sl S S S s S S S S S e e e
1234567 89101112 1234567 89101112 1234567 8910112 1234567 89101112 1234567 89101112 1234567 89101112
28BR% Recreation service

130 10 130 20 10 10

I_IIIIIIIIII |I || I‘.l.l |||I 1 |||| 1 1 |||||||||

O T R R R R ek ok o i S e S T S o TR B ok ok T R S R S S S SR R A S S ot e N R R R

123456789101112 1234567 89101112 1234567 89101112 1234567 89101112 1234567 89101112 1234567 89101112

%2fRk% Aesthetics service

10 15 45 10 20 5

- wo Ll L ||||.. THeET I.| L 11

e o g ey S g S e g e i g i e e e o S g g g S g e g B At o ok ok b T S S S S S S g S S S S S S S P e S e e e g g e

12345678910112 1234567 89101112 1234567 89101112 1234567 89101112 1234567 89101112 1234567 89101112

) ) ) Month B ¢

B ## Instituton M A Individual R24RS Refugia/ habitat service 2
=3 NOTE ﬁ
1. "+ RFRREM, -7 RFHIREE; 1. “+” means positive perception and “-” means negative perception; H
2. HAFREY AT DS MIE 2. The scale unit for the vertical coordinate is 5 pieces of micrablogs. 4e

SWRITS /163 LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS 071



BFREARSS

Recreation service

/N A Individual

H43 Institution

i the weather
o Run [EPOC N T
Qbeauty g 2 e

o Public weI are
&_ \Tk‘* :»'gm By &‘%wﬂwgnatchmg
) i ﬁkk > sport ¢ géikx
2 Markum’"\“?‘ Hy
L T T
ghqtography Pho\ogranhy green, Lane
fonic sport 4
S e 2l NTActivity’]

BHREREHAE
Haizhu National Wetland Park

. -3 o Mmm‘tg _— h
run} .: ’ & '—’1

Ezﬂiﬁ“@

Baiyun Lake Wetland Park
the mmi, 3T +

web celebn(v

landscape e
attractstained
L vamtmgAutumn day

50 Costune

Loui S|§_néa ecypress
i Gorgeous
Photograp ;ﬁ i e g

s :Photography FA. =<
2L .

Lane otz

sunlight picnic;fe

Autumn daym o Jife 4432
cccccc our ism unshan Zhushui  Famous

/"I (K3 ) iwithir
Tianhe (Daguan) Wetland Park

I AT ,,|de .J:”f.zj:i“ AR

er g{g cenway
We a wa‘l;Photﬁﬁphv x Ey /fTR i de

Run #% »

marat"?n LIS )‘
S, % B
i " &EJ E,HW'glﬁ/ =
B mo Rock “and RolT,&
pid ik LN

Huadu Lake Wetland Park
o forest Take a walk
J*k*/F Y

W

Take @ WalKnue Lingdingyang

L apilpik iﬂJ’A\l
Nansha Wetland Park

|
Grass x%'?d

grap

#a wxNe ighborhood

P
e f/J @D‘av oty
By, the 1ake 45 % £ighing

fish Leisure

ﬁ’:ﬁﬁ:]&eaut%ﬂ%%m BOard"” Ik

goTese to waterzy simle

# i)f i:}gﬁ

2L/ A
X Sienic, fishing &
HEEH AR

Gualyu Lake Wetland Park

R HREE 2R S A,
ONBE R (R ) 88 M2 el R )38 M 2 el v e
AR K o AU U S R P A e A
THTER IR RATE 2 (AN Eh Rl . 2

FET T SR R U 2 e
J7NATTAT A 2 el A
W) o

EFRS

Aesthetics service

/N A Individual

Cosmos sulphureus x5
Photograﬁhy

beawuty scenery

Tour |

£ o
Flowey-viewing \\‘\ 5

#1443 Institution

Sea of ?22f|owersareen heart

%7 E

EX)
dusk BT ’*’ HUTE
Zaa o gb;:ﬁan'::" i
ﬂ,sprmg dzy L

ﬂmter p,,' /f{J %

éa of 22flowers

Eca logy,

BHEREH AR
Haizhu National Wetland Park

Lake District  Lake surface.
Tour i sts

Em e, il
e Sun
beau'ty scenery

i 33
2z VarkHE 2

Photography
Lake water
B ¢ beauty iy
% £ B&Y Hwn
/f‘bn e TN
EEW&MQ@
Baiyun Lake Wetland Park

%% beauty scenery
Photography

Loulswsma‘ bcy{)ygeussi

F AT RIS A
Senb okl

D-»s«nm 2%

g %f}ﬂnnnm hcer o

* AR
Lou|5|ana cypress

beauty
it

KA (KW ) AR
Tianhe (Daguan) Wetland Park

ot R u

o am
o S g,
Q orumus
Gore
e € eyebal |
§ Lover forest G E
Woiibomer  Secstinia
Wt 5
32 effect

LOU|S|ana c ress S ¥
beaut: yp ﬂ)«tub. @ﬁ
PP P e BTt Flomar e
TLEHIE N

Huadu Lake Wetland Park
Reeds 1 mood

elunnllE,  PBE E

nusic Festival

SIE 22 BWE AT el
%%’75159 birds feed_"L" e

] msov forst. e health 7
.

icus Lane 3 Yd'bird
manerove forest
PHotogtaph
s k IR e ¥ 5
i.beauty s
Ry N
Nansha Wetland Park
Takn B dlk beauty gap  fishing pole
Photography Boardwa'lk
Mobill¥iphons nelghbor 001

the, weather oo
W, v 2 play

S s, e R
Mﬁ,’n Qe iy B = simle
S

A vg Yovorite 71
D{E* g suneet (2] /.flj @ g
fRbeauty scenery

L
SIS fourion®e e i by

bz 22 vz /N |
Gualyu Lake Wetland Park

“}‘H/‘?; ”

072

15 SRR BRI 23
et I,

FHET
Disturbance regulation
H44 Institution
2E “"“’E/\charmi/g

Y esotegiont lontios

N Individual

353n"§"‘€,‘;§:
Ecological landscay 7 k
AR B R vb
BB RS L, ARG

H v}ﬁ géd“;.‘ai = IR e iy N

i S b Build
R S O Z A,

KA (KW ) B ARE
Tianhe (Daguan) Wetland Park

TS thARSS

Habitat service

N A Individual

#1443 Institution

®, nature

&f?m,

duck

H I“ agch i
Rhoto; raphymsmg eco\agy t’] Ireses
/&'ﬁ%l%&ﬁt’\l

Haizhu National Wetland Park

< forostEcological restoration

Wuer clear 5 EPES

Vater monster Alien species
% o Iniwred  krak |

recinen " Al ien species

Sway in the water
Atractosteus spatu la Atractosteus spatu I a
. KiE

B=HZh AR
Baiyun Lake Wetland Park

threes and fives ,

bee Egret shal |

weather peautityls

o<
s
e
2
)Q
F
»
bra
to the pu:tureQ
L
g B

| cEggr"e

Zaiet =civiliz
TR
Huadu Lake Wetland Park

v -
butterfly% .

scented teas

re. sira
Wi Black
~E Documriary
83 2 anse
£ K] gy

£ i ey
= m§ M3
It m g
@i orest = -
: - L
i Srd b bg
s
bm| I ds e
lack—faced Spoonbill 2%

Rl E N
Nansha Wetland Park

T EERA

EERBAMEIRS 5. PN UNr
Ecosystem disservice il] UE’JEE R GRS 1E)
=T

N A Individual

5. Word clouds of
perceived ESs in
different WPs

activlty.;

ul

FE] 51)19%%&
BHRERIE AR

Haizhu National Wetland Park

%"l i
Ly 3‘
Elz?ﬁﬂlitﬂl/\l
Baiyun Lake Wetland Park

L1 k"é%f 4‘5177

KA (K3 ) S AE
Tianhe (Daguan) Wetland Park

10 BEF, Eckart Lange

microbloggers reported about “running.” For individuals, “taking
photos” was the most frequently mentioned activity in Haizhu
National Wetland Park, Tianhe (Daguan) Wetland Park, and
Gualyu Lake Wetland Park; in Nansha Wetland Park, “boating”

was the most frequently mentioned activity. Comparatively,

institutions mainly posted about games, events, and special

recreational programs (e.g., marathon and public welfare

activities).
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“Photography” and “flower-viewing” were the activities
most frequently mentioned in the perceptions of aesthetics value
(C2) in the WPs. Colored-leaf trees (e.g., Taxodium distichum)
and flowering species (e.g., Zinnia elegans, Cosmos bipinnatus,
Nelumbo florida, and Tabebuia chrysantha) were the stimuli for
the perception of aesthetics services (C2) in 5 WPs, except for
the Nansha Wetland Park. For the Nansha Wetland Park, birds,
mangroves, and Phragmites australis were the most important
stimuli.

Birds were the most important stimulus for the individuals’
perception and institutions’ publicity of refugia / habitat services
(S2) in the WPs, except for the Baiyun Lake Wetland Park.
Institutions mentioned a more diverse range of bird species. The
most mentioned bird species for individuals were Anatidae in
Haizhu National Wetland Park, Ardeidae in the Huadu Lake
Wetland Park, and Platalea minor in Nansha Wetland Park.
Butterflies, bees, and plants were also the major stimuli for some
WPs. Besides, refugia / habitat services (52) mentioned in the Baiyun
Lake Wetland Park related mainly to the negative perception of
the large invasive predatory fish species Atractosteus spatula (S2-).

Only the data collected about Tianhe (Daguan) Wetland
Park was sufficient for the word cloud analysis of disturbance
regulation services (R3). “Sponge city” and “ecological landscape”
were the dominant stimuli for both types of microbloggers,
revealing that there was a similarity between the public’s
perception and the institutions’ 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 Tianhe (Daguan) Wetland Park.

4 Discussion

4.1 Thoughts on the Perceptions of ESs in WPs

It was found that most of the popular WPs are located in the
central area of Guangzhou. The easy accessibility in the central
area could be an explanation for this. Also, the quality of WPs
and the delivered ESs could affect people’s visits. The popularity
of WPs reflects public’s preferences to some extent: the WPs
with open inland water bodies (e.g. lakes) are more popular
than the ones that only contain rivers or mangroves. A possible
reason might be that the public are aesthetically influenced by
Chinese Fengshui ideas or traditional waterscape styles'**. This
finding pointed to a research gap: although it has been proved
that the presence of vegetation and sediment®’!, water color and

transparency*'**, and amount of water* can impact people’s
perceptions and preferences for wetlands, research about the

impact of wetland forms is scarce.



WFFEES REIE 7 ATERT S RO, BRI s RS 4 b W2 2]
SCAEHR S — S R GRS Hoh B AR R B, AR
Hillids (S2) S I ARE HHN A AR, BRI TE H L
TERO MR el T, PR 2 NHBRERS BN B — IS5 o SR FE45 2R i
AR IHEB S IR 55 (S2) ZFr A2 SGTE, &P AZEAT LA 3
MRS, RN SUEE (C1) RIZE: (C2) M55 mBECHE . J)
—MER—PRIERE, RMTE (P4) | BT (R10) RIS
(C9) FEAE LTI Pl B 52 Th B D ORI A S R G 551,
TE—SE30 423 bl P i R . LATE DTSSR, Rt 38 M 2% el 3
MELASRBERS R E A EANE (C4) o AKBEIRMERL (P2) FIs A RHIR
55 (P3) SO0 RIARTRS AR R, FECEIR I A BE PR B
(P5) . +HOIER (R7) | f£k3 (R8) | EWIBIG (R9) , LIKFRO
TEFR . SCEAERIRRIGUE ™ (S1) X SWUA A RGNS AR LT R Bl
AL NMIH 2 B — S B RS R SE I 55 LA, BFSESs
R ERW, BESMPERRIRS (C5) FITHIETRS (R3) XHhH
MM e A AR A S R G S5, R BOE R LR R B
AT RS T A B2 AR AR R GRS AR AT A A A ) T 56
g (C2) FHEHMREW S| IHES RGNS LRAREZ I .
ST, LA R T AARECE R IR G X AT Z ) 22

WIRARIE— LR, RS (C1) 5R%MWE (C2) BhX
B, SRR (C6) sfiEH (S2) Messmimmk, F64E8R5
55 W B aey , RIS AR 25 R e I 55 vl S S I e oy B2 EL AR 45— [ Bl
RN, SR, B ARAEHABA DGR bE | RSN BSH A S R GRS K
IS A BRISAORHR , b —A> ] BE A S DR e aod 4 2 i - 9F 5
BRGNS R SR o [, i TSR B BB O AR, BF
FEM AR AN A S R GRS Z MR BB ST NI, A 2 2 A%
PR IUELA R,

AT FE RSB FOURRAE AT LA AT AR 28 R eI 55 A
flan, WAEHY FR IR BB HE X L k5 (C2) W, 5
Je . LIRS S REMS e B 5 (S2) B AFE MY
Fl vh 2 R A IS R GRS BB R R WA AE ] B 22 5, RIAT 4 5 )8
A g ) R AR, DASRAE TR A, g5 RdFk
B, A NS YU E AL Z AR Z A s AT BE R B AR X LE RS

074

The research results corroborated the proposition that cultural
services can be more easily and intuitively understood by people
in the city''". The most interesting finding was that, although the
refugia / habitat services (S2), were often considered to not directly

benefit human well-being”"™

, they were perceived by many people
in the 6 studied WPs. Results were insufficient to infer whether
refugia / habitat services (S2) can directly benefit human well-being
or whether it is just because of the association with recreation

(C1) and aesthetics (C2) services that many people perceived

them as noteworthy. It is also interesting to note that ornamental
resource (P4), noise reduction (R10), sense of place (C9), and other
ESs which were little studied among previous research on ESs of

W \were considered noteworthy in some WPs.

wetlands or parks
Spiritual value and religious value (C4), water supply (P2), and raw
material (P3) services are usually not considered to be provided by
wetlands and WPs**"*%% this research indicated that the other §
ESs—genetic resource (P5), soil formation (R7), pollination (R8),
biological control (R9), and nutrient cycling, photosynthesis, and
primary production (S1)—were hardly perceived in the 6 WPs, the
perception of which is often stimulated by ecological knowledge or
concerns”'!. Another finding was that only a minority of individuals
perceived some of the expected ESs by WPs, such as education and
knowledge system (C5) and disturbance regulation (R3). These
findings may result from that the public often lack knowledge
about ESs"?. Inevitably, people tend to comment more on visually
attractive ESs, like aesthetics (C2). Thus, such a gap between the
supply and demand of ESs could be bridged by improving public
education®",

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

2land be perceived together”"!. However, the same

appear together
interconnections are not found in other studies about perceived ESs
in WPs, wetlands, or NBS, because of the paucity of research on
ESs bundles through social preference. The finding that there was
no obvious interconnection among other ESs may result from the
limited data collection; a larger amount of data is needed to verify
this finding.

This study explored the stimuli to the perception of ESs: for
example, flowers and colored-leaf trees to the aesthetics (C2)
services, and birds, mangroves, and Phragmites australis to the
refugia / habitat services (S2). The stimuli are varied in different
WPs, and the composition and design of blue-green spaces could
influence people’s perception of ESs”’. Moreover, the research
found the overlaps between the ESs that the public perceived and
that the professional institutions expected. A possible explanation
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for this is that the institutions often have a greater influence on
the Sina Weibo, which means that institutions can play a more

influential role in public education about ESs.

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 public’s landscape
perceptions were mainly conducted through visual assessment
of landscape, or aural sometimes'**!****I5¢I Tn visual landscape
assessment, photographs*! and immersive virtual reality

techniques”’1**!

can be used as stimuli. However, people perceive
the environment by all senses. Only a few of studies used actual
landscapes as stimuli for assessment, but such on-site surveys

are often time-consuming and costly. Thus, this research relies

on collecting social media users’ authentic experience to report

a more realistic perception of ESs time- and cost-efficiently.
Moreover, compared with previous ESs perception studies which
usually employed participatory mapping to identify the perceived
distribution of given ESs"””, or ratings on given ESs through
questionnaires or interviews'*”*"!, this method using self-reported
data from social media could help researchers find the ESs that
have been less focused on in previous studies.

Methodologically, this study first applied association rule
mining to reveal the interconnections among ESs, instead of the
hierarchical cluster analysis to explore ESs bundle distribution
in large-scale spaces according to the land cover typologies and

IS commonly employed in previous

ESs spatial distribution
research. The method in this study makes it possible to explore
the ESs bundle and interconnections among ESs without
specifying the ESs spatial distribution.

There are also some limitations to the methodology.
Coding manually upon semantic analysis of sentences, instead
of analyzing adjectives, so as to effectively extract relevant
information, might compromise the opportunity to quantify the
perceived ESs, e.g., if using the semantic differential method. In
addition, though social media are accessible to everyone, young
adults are more likely than people of other ages to use them: Sina
Weibo is used by about a quarter of the Chinese population, and
90% of the users are adults aged 18 to 40", In this research,
using Weibo data would inevitably neglect perceptions from
children under 18 and adults over 40 years old. Furthermore,
activities specific to social programs, such as marking online-
popular places and sharing with friends, may have an impact on
the results to some extent; for instance, the result of the perceived
social relation services (C6) could be higher than using other
methodology. Data collected over one year is not “big” enough;



JErTRE i . ST, DUETAFREUER AL, " LLE S 2 4F
(9 LR AT AR U 2455, DUl 1 i 8 AR A 25 R GE IR 55 O A
FfwLFo

4. 3 AERIFEEESOME B R

WFSE A5 RAT B T BT8R oA R SOUL R RIS TARRY L, AT fE
iR AR AL T A O A AT USRI e 45 4b o ol an, AL At ar
DL G W A A S R G IS5, BN | e B IR 37 e
S R AT AT LU E A (EL2 bl st A B S SR B A 2
ARG CANiEMAE ERMITE ) , AT RLE S BT SR ok 51 A AR
LR R R GRS AT RAE TS, MAh, it B
A S R GUIR 55 AR BERCA ORI, n] DU I 2 5 R 55 A SCHR Y
255 KA TH SRR IER A HE IR o i an, T 224 55 5 0 S iR 55
ZIAIA IR, AT LA Ao A AT e 55 A 0 5 S~ A

5 &5y

AW SEREIA T LL) g {51 A 36 3 2 bl b AR 2 R GE IR 55 1 R
Do WFFEEE AR T AN A2 R GRS 1 G i a5 B AR S &L LA
XENBSIH AU, % T AR IR Fe FHABNBSITH gLl | Bt
ERLHA R 8 s, ORTEA RIS T A B T AR A R GRS I
MIRER, LLREREI A S R GRS Z MR EIME T, REAE (2 fENBSI
FIAAE BR BN A ARSI, il 2 AR B B2 ERIN BS I H 45 K
MAR o T ARSI A AR B AR S0 BT D7 125 T LA A AT OGS LA
ARG IR FARBES T . ARRAYBITSE AT DT T ey 5 B 23 Ak
HAF AN BSIUH g A= 28 R GEMR 55 S SCHK, T — P S LA
SR I B IR B I AT . LAF

R

AARABIFRERZF. CBAETAFMRRIFEIAE “BHENMER" SEREN—72.

REFERENCES

multi-year comparative analysis may reveal more findings for

understanding public perception and preferences on ESs.

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, ornamental
resource, and sense of place. And for some ESs that people can
perceive, but may not be willingly offered by park managers (e.g.,
visitors picking flowers for ornamental use), design strategies to
suggest proper ways for the public to interact with these ESs may
work. In addition, when the designated ESs are less perceived,
improving the quality of relevant landscape features may become
a solution due to the interconnections among ESs. For instance,
the synergy between aesthetic and refugia / habitat services may
enhance the perception of the aesthetic value by improving the
refugia / habitat services.

5 Conclusion

This study gives an overview of perceptions of ESs in WPs
in Guangzhou. The findings may inspire future planning, design,
and management of WPs and other NBS projects by pointing the
public’s focus of ESs and professional institutions’ expectation for
NBS projects. Furthermore, the findings identify the factors which
facilitate perceptions of ESs, and synergies among the perceived
ESs. As a result, a better alignment of the work by park managers
with the general public’s expectations may maximize the latter
group’s perceptions of the benefits brought by NBS projects. The
time- and cost-saving methodology of social-media-based analysis
could provide reference for other studies of landscape perceptions
and ESs. Future studies may focus both on improving the public’s
understanding of ESs perceptions and interconnections of ESs
within NBS projects, and developing further validation for using
social media as a data source. LAF

NOTE

This research is associated with the Adaptive Urban Transformation research project, a collaborative project
of The University of Sheffield with South China University of Technology and Delft University of Technology (TU
Delft).

[1]  European Commission. (2015). Towards an EU Research and
Innovation Policy Agenda for Nature-Based Solutions and Re-
Naturing Cities. Final Report of the Horizon 2020 Expert Group

on Nature-Based Solutions and Re-Naturing Cities. https:// gaia.24.4.9

doi.org/10.2777/765301 [3] Keesstra, S., Nunes, J., Novara, A, Finger, D., Avelar, D.,
Kalantari, Z., & Cerda, A. (2018). The superior effect of nature- [5] Maes, J., & Jacobs, S. (2015). Nature-Based Solutions for

[2] Eggermont, H., Balian, E., Azevedo, J. M. N., Beumer, V.,
Brodin, T., Claudet, J., ... Le Roux, X. (2015). Nature-Based

076

Solutions: New Influence for Environmental Management
and Research in Europe. GAIA—Ecological Perspectives on
Science and Society, 24(4), 243-248. https://doi.org/10.14512/ [4]  Albert, C., Spangenberg, J. H., & Schréter, B. (2017).

based solutions in land management for enhancing ecosystem

services. Science of the Total Environment, (610-611),
997-1009. https://doi.org/10.1016/j.scitotenv.2017.08.077

Nature-Based Solutions: Criteria. Nature, 543(7645), 315.
doi:10.1038/543315b

Europe’s Sustainable Development. Conservation Letters,

VOLUME 8/ISSUE 3/ JUNE 2020



[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[171

[18]

[191

[20]

[21]

[22]

[23]

[24]

SRS /18X

10(1), 121-124. https://doi.org/10.1111/conl.12216

Corvalan, C., McMichael, A., & Hales, S. (2005). Ecosystems
and human well-being: Health synthesis. Geneva: World
Health Organization.

Costanza, R., De Groot, R., Braat, L., Kubiszewski, .,
Fioramonti, L., Sutton, P., ... Grasso, M. (2017). Twenty years
of ecosystem services: How far have we come and how far do
we still need to go? Ecosystem Services, (28), 1-16. https://doi.
0rg/10.1016/j.ecoser.2017.09.008

Haines-Young, R., & Potschin, M. (2010). The links between
biodiversity, ecosystem services and human well-being. In

D. G. Raffaelli, & C. L. J. Frid (Eds.), Ecosystem Ecology (pp.
110-139). Cambridge: Cambridge University Press. https://doi.
org/10.1017/CB09780511750458.007

Wardropper, C. B., Mase, A. S., Qiu, J., Kohl, P., Booth, E. G.,

& Rissman, A. R. (2020). Ecological worldview, agricultural

or natural resource-based activities, and geography affect
perceived importance of ecosystem services. Landscape

and Urban Planning, (197), 1-9. https://doi.org/10.1016/
j.landurbplan.2020.103768

Crilley, G., Weber, D., & Taplin, R. (2012). Predicting Visitor
Satisfaction in Parks: Comparing the Value of Personal Benefit
Attainment and Service Levels in Kakadu National Park,
Australia. Visitor Studies, 15(2), 217-237. https://doi.org/10.10
80/10645578.2012.715038

Andersson, E., Tengd, M., McPhearson, T., & Kremer, P. (2015).
Cultural ecosystem services as a gateway for improving urban
sustainability. Ecosystem Services, (12], 165-168. https://doi.
0rg/10.1016/j.ecoser.2014.08.002

Raudsepp-Hearne, C., Peterson, G. D., & Bennett, E. M. (2010).
Ecosystem service bundles for analyzing tradeoffs in diverse
landscapes. Proceedings of the National Academy of Sciences
of the United States of America, 107(11), 5242-5247. https://
doi.org/10.1073/pnas.0907284107

Plieninger, T., Torralba, M., Hartel, T., & Fagerholm, N. (2019).
Perceived ecosystem services synergies, trade-offs, and
bundles in European high nature value farming landscapes.
Landscape Ecology, 34(7), 1565-1581. https://doi.org/10.1007/
510980-019-00775-1

Kong, L., Zheng, H., Xiao, Y., Ouyang, Z., Li, C., Zhang, J., &
Huang, B. (2018). Mapping Ecosystem Service Bundles to
Detect Distinct Types of Multifunctionality within the Diverse
Landscape of the Yangtze River Basin, China. Sustainability,
10(3), 857. https://doi.org/10.3390/su10030857

Niu, Z., Zhang, H., Wang, X., Yao, W., Zhou, D., Zhao, K., ...
Gong, P. (2012). Mapping wetland changes in China between
1978 and 2008. Chinese Science Bulletin, 57(22), 2813-2823.
https://doi.org/10.1007/s11434-012-5093-3

Yin, H. (2003). The Thoughts of Wetland Conservation in
China. Wetland Science, 1(1), 68-72. doi:10.13248/j.cnki.
wetlandsci.2003.01.012

Ma, G. (2016). Research on the Construction of China’s Wetland
Parks. Beijing: China Forestry Publishing House.

China Wetland Conservation Association. (2017). List of
Wetlands. Retrieved from http://www.shidi.org/unit.html

Lei, K. (2015). Some Thoughts on Wetland Park Construction
and Development in China. Forest Resources Management, (2],
23-26. doi:10.13466/].cnki.lyzygl.2005.02.005

Zhang, Y., Liu, W., Guo, J., Gao, L., & Fan, S. (2012). Situation
and Thoughts on Ecological System Protection of Urban
Wetland. Environmental Science and Management, 37(6),
162-175.

Sloan, L., Jessop, C., Al Baghal, T., & Williams, M. (2020).
Linking Survey and Twitter Data: Informed Consent,
Disclosure, Security, and Archiving. Journal of Empirical
Research on Human Research Ethics, 15(1-2), 63-76. https://
doi.org/10.1177/1556264619853447

Huang, H., Gartner, G., & Turdean, T. (2013). Social media data
as a source for studying people’s perception and knowledge
of environments. Mitteilungen der Osterreichischen
Geographischen Gesellschaft, (155), 291-302. doi:10.1553/
moegg155s291

Wang, Z., & Zhuang, W. (2019). POE Research with Kansei
Evaluation SD Method Based on Review Data: A Case Study of
Urban and Rural Historic Districts. New Architecture, (4), 38-42.
Oteros-Rozas, E., Martin-Lépez, B., Fagerholm, N., Bieling,

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

C., & Plieninger, T. (2018). Using social media photos to
explore the relation between cultural ecosystem services

and landscape features across five European sites.

Ecological Indicators, (94), 74-86. https://doi.org/10.1016/
j.ecolind.2017.02.009

Sina Weibo Data Center. (2019). 2018 Weibo User Development
Report. Retrieved from https://data.weibo.com/report/
reportDetail?id=433

Guangzhou Statistics Bureau. (2020). Overview of Guangzhou
City. Retrieved from http://tjj.gz.gov.cn/gzsg/content/
post_2786711.html

Zhao, H., Wang, X, Cai, Y., & Liu, W. (2016). Wetland Transitions
and Protection under Rapid Urban Expansion: A Case Study of
Pearl River Estuary, China. Sustainability, 8(5), 471. https://doi.
0rg/10.3390/5u8050471

Bureau of Forestry and Landscaping of Guangzhou
Municipality. (2017). 19 wetland parks have been built in
Guangzhou: Guangzhou wetland protection regulations (draft)
submitted for deliberation. Retrieved from http://lyylj.gz.gov.
cn/zhzx/zwyw/content/post_3028221.html

Bureau of Forestry and Landscaping of Guangzhou
Municipality. (2018). Wanzuitou Wetland in Guangzhou Higher
Education Mega Center Finished Landscape Improvement.
Retrieved from http://lyylj.gz.gov.cn/zwgk/zfxxgkml/gzdt/
content/post_3030904.html

Dale, R. (2010). Classical Approaches to Natural Language
Process. In N. Indurkhya, & F. J. Damerau (Eds.), Handbook
of Natural Language Processing (2nd ed.). Boca Raton: CRC
Press.

Charles, H., & Dukes, J. S. (2008). Impacts of Invasive Species
on Ecosystem Services. In W. Nentwig (Ed.), Biological
Invasions (pp. 217-237). Berlin, Heidelberg: Springer. https://
doi.org/10.1007/978-3-540-36920-2_13

Zhou, X., Zan, Q., Wang, Y., Li, M., Liao, W., & Wang, B. (2003).
The transmission and damaging effect of Mikania Micrantha
in Guangdong Province of China. Ecological Science, 22(4),
332-336.

Zhong, J., Zhou, H., Liu, K., Yuan, C., Li, X., & Liu, W. (2016).
Comparative Study on Seed Biological Characteristics of Three
Invasive Compositae Species. Journal of Weed Science, 34(2),
7-11. doi:10.19588/j.issn.1003-935x.2016.02.002

Teng, Q., Yang, Y., Bu, Q., & Xu, X. (2015). Research on the
Perception and Interaction of Tourist Attractions in Shanghai
Based on Web Texts. Tourism Tribune, 30(2), 33-41.

Song, Y., Huang, R., & Wang, J. (2019). Research on Data
Analysis and Visualization Platform Based on Python. Modern
Information Technology, 3(21), 7-9.

Chen, X. (2005). The Key Techniques Research on Text Mining
(Doctoral dissertation). Fudan University, Shanghai.

Pan, Y. (2019). Research on Word Cloud Generation Based on
Python: Taking Chai Jing's “See” as an Example. Computer
Knowledge and Technology, 15(24), 8-10.

Mythili, M. S., & Shanavas, A. R. M. (2013). Performance
Evaluation of Apriori and FP-Growth Algorithms. International
Journal of Computer Applications, 79(10), 34-37. https://doi.
0rg/10.5120/13779-1650

Agrawal, R., Imielinski, T., & Swami, A. (1993). Mining
association rules between sets of items in large

databases. ACM SIGMOD Record, 22 (2), 207-216.
doi:10.1145/170036.170072

Yuan, J., & Ding, S. (2012). Research and Improvement on
Association rule Algorithm Based on FP-Growth. In F. Wang,
J. Lei, Z. Gong, & X. Luo (Eds.), Web Information Systems

and Mining. Berlin, Heidelberg: Springer. https://doi.
0rg/10.1007/978-3-642-33469-6_41

Harrington, P. (2012). Machine learning in action. Greenwich:
Manning Publications. Retrieved from http://proquest.
safaribooksonline.com/9781617290183

Chen, Y. [2014). A study on the theories and procedures of
traditional waterscape design in Chinese landscape and
garden (Doctoral dissertation). Beijing Forestry University,
Beijing.

Cottet, M., Piégay, H., & Bornette, G. (2013). Does human
perception of wetland aesthetics and healthiness relate

to ecological functioning? Journal of Environmental
Management, (128), 1012-1022. https://doi.org/10.1016/

077

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

j.jenvman.2013.06.056

Dobbie, M., & Green, R. (2013). Public perceptions of
freshwater wetlands in Victoria, Australia. Landscape and
Urban Planning, (110), 143-154. https://doi.org/10.1016/
j.landurbplan.2012.11.003

Mao, Q., Huang, G., & Wu, J. (2015). Urban ecosystem services:
A review. Chinese Journal of Applied Ecology, 26(4), 1023-
1033.

Liu, D. (2019). Evaluation on the Value of Ecosystem Service
Function of Guangzhou Haizhu National Wetland Park (Master’s
thesis). Guangzhou University, Guangzhou.

Maltby, E., & Acreman, M. C. (2011). Ecosystem services

of wetlands: Pathfinder for a new paradigm. Hydrological
Sciences Journal, 56(8), 1341-1359. https://doi.org/10.1080/02
626667.2011.631014

Moore, T. L. C., & Hunt, W. F. (2012). Ecosystem service
provision by stormwater wetlands and ponds—A means for
evaluation? Water Research, 46(20), 6811-6823. https://doi.
0rg/10.1016/j.watres.2011.11.026

Yang, W., Chang, J., Xu, B., Peng, C., & Ge, Y. (2008). Ecosystem
service value assessment for constructed wetlands: A case
study in Hangzhou, China. Ecological Economics, 68(1-2),
116-125. https://doi.org/10.1016/j.ecolecon.2008.02.008
Zhang, S., Zhang, J., Cheng, L., & Chen, Q. (2019). Protection
or Protective Development: A Case Study of Assessing the
Net Ecosystem Service Value of Xixi National Wetland Park in
Hangzhou. Modern Urban Research, (10), 75-83.
Martin-Lépez, B., Iniesta-Arandia, I., Garcia-Llorente, M.,
Palomo, I., Casado-Arzuaga, |., Amo, D. G. D., ... Montes, C.
(2012). Uncovering ecosystem service bundles through social
preferences. PLoS One, 7(6), €38970. https://doi.org/10.1371/
journal.pone.0038970

Barkmann, J., Glenk, K., Keil, A., Leemhuis, C., Dietrich, N.,
Gerold, G., & Marggraf, R. (2008). Confronting unfamiliarity
with ecosystem functions: The case for an ecosystem service
approach to environmental valuation with stated preference
methods. Ecological Economics, 65(1), 48-62. https://doi.
org/10.1016/j.ecolecon.2007.12.002

Jim, C. Y., & Chen, W. Y. (2006). Perception and attitude of
residents toward urban green spaces in Guangzhou (China).
Environmental Management, 38(3), 338-349. https://doi.
0rg/10.1007/s00267-005-0166-6

Lange, E., & Legwaila, I. (2012). Visual Landscape Research—
Overview and Outlook. Chinese Landscape Architecture,
28(195), 5-14.

Bruce, V., Green, P. R., & Georgeson, M. A. (2003). Visual
perception: Physiology, psychology, and ecology (4th ed.).
Hove, New York: Psychology Press.

Lindquist, M., Lange, E., & Kang, J. (2016). From 3D landscape
visualization to environmental simulation: The contribution of
sound to the perception of virtual environments. Landscape
and Urban Planning, (148), 216-231. https://doi.org/10.1016/
j.landurbplan.2015.12.017

Gao, T, Liang, H., Chen, Y., & Qiu, L. (2019). Comparisons of
Landscape Preferences through Three Different Perceptual
Approaches. International Journal of Environmental Research
and Public Health, 16(23), 4754. https://doi.org/10.3390/
ijerph16234754

Lim, E.-M., Honjo, T., & Umeki, K. (2006). The validity of VRML
images as a stimulus for landscape assessment. Landscape
and Urban Planning, 77(1-2), 80-93. https://doi.org/10.1016/
j.landurbplan.2005.01.007

Fagerholm, N., Torralba, M., Moreno, G., Girardello, M.,
Herzog, F., Aviron, S., ... Plieninger, T. (2019). Cross-

site analysis of perceived ecosystem service benefits in
multifunctional landscapes. Global Environmental Change,
(56), 134-147. https://doi.org/10.1016/j.gloenvcha.2019.04.002
Raymond, C. M., Frantzeskaki, N., Kabisch, N., Berry, P.,
Breil, M., Nita, M. R., ... Calfapietra, C. (2017). A framework for
assessing and implementing the co-benefits of nature-based
solutions in urban areas. Environmental Science and Policy,
(77), 15-24. https://doi.org/10.1016/j.envsci.2017.07.008
Deka, S., Tripathi, 0. P., & Paul, A. (2019). Perception-based
assessment of ecosystem services of Ghagra Pahar forest of
Assam, Northeast India. Geology, Ecology, and Landscapes,
3(3), 197-209. https://doi.org/10.1080/24749508.2018.1553020



