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Summary
Urban green infrastructure (UGI) refers to an interconnected green space network consisting of various
open spaces and natural areas, including greenways, wetlands, rain gardens, forests, native vegetation.
UGIs can provide a starting point and an endpoint for wildlife migration and ecological processes, and
can buffer heavy rainfall, reduce flood hazards, improve water quality, and save urban management
costs.
Guangzhou is located in southern China and is the core city of the Pearl River Delta metropolitan area
that has over 14 million residents. The concurring abundant rainfall and high temperatures, are
conducive to plant growth and constructing green infrastructure. Guangzhou has many different types
of urban parks, such as Flower-City square in the commercial center of the city, Haizhu Lake Park with
large artificial lakes and Yuexiu Park with a long cultural history.
This thesis aims to plan reasonable urban green space for Guangzhou, through a comparative analysis
of the ecosystem services between different UGIs. Guangzhou’s meteorological data were analyzed
and 390 questionnaires were collected to assess ecosystem services and economic benefits of UGI in
three parks. Three stakeholders were interviewed and the literature reviews was extensively reviewed.
79% of the respondents were satisfied with the status quo of the UGIs. The period that the respondents
lived in Guangzhou, affected people's opinion about this satisfaction level significantly (p=.002).
Longer periods increased satisfaction levels. The questionnaire listed ten common ecosystem services
based on respondents’ feelings. More than 70% of the respondents experienced all ecosystem services
provided by UGI.
According to the literature, each hectare of UGI can provide raw materials with an annual economic
value of between $6 and $1,000 (US$1.00=RMB 6.79). The economic value of the provision services
provided by the three parks can thus be estimated. The annual monetary value of raw materials that
were provided by the Flower-City square, was between $336 and $57,000 while that of. Haizhu Lake
Park and Yuexiu Park was between $252 and $43,000 and between $414 and $70,000 respectively.
In my thesis, the monetary value of the air-pollutants removal was estimated by using the avoided cost
approach. The replacement cost approach was used to calculate the value of UGI to reduce the daytimetemperature and the rainwater-runoff reduction that were replaced by the artificial reservoirs. The total
annual value of air-pollutants removal in the three parks was $776,000, and the total annual value of
daytime-temperature reduction was $735,000, and the total annual value of rainwater-runoff regulation
was between $47,000 and $56,000.
The annual monetary value of the cultural services in Guangzhou’s UGIs was estimated using a
willingness to pay method. UGI users were asked how much they would like to pay to enjoy these
services. The estimated value was between $14 and $20 per person. The annual value of the cultural
services in the three parks was between M$216 and 436.
UGIs also can provide nursery habitat and gene-pool-protection services with an annual economic value
of between $142 and $195 and $6 and $112 respectively. Hence, the total annual economic value of the
habitat/supporting services provided by the three parks could be obtained by determining the area of
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each UGI. The three parks have a monetary value of between $24,000 and $33,000 and between $1,000
and $19,000 dollars in 2018 for nursery habitat and gene-pool-protection services respectively.
As people pay increasing attention to their urban environment, many studies assessed UGI from
different perspectives. The difference in the results of, for example, air-pollutants removal is probably
caused by differences in natural environmental conditions. I increasing rainfall reduces the pollutants
reduced. What is more, UGI grows vigorously in summer, and the vegetation’s leaf area will be
correspondingly higher. This affects, the reduction of runoff. The temperature-reduction difference
results from my field monitoring that is carried out in summer when the average temperature and leaf
area index is highest. Besides, the thermal effect will warm the surrounding environment at night, while
my study only considers the cooling effect during the day.
Through comparing three parks, Yuexiu park provided the highest monetary values for ecosystem
regulating services. This was almost twice than the monetary value of the regulating services provided
by Flower-City square. Most respondents basically understand UGI. The ecosystem services that can
be directly felt by people are cultural and regulation services. At the same time, people were increasingly
demanding cultural services and many respondents proposed to acquire more educational opportunities
from UGI. Guangzhou is a city that was threatened by flood disasters, many evergreen trees with much
leaf area and strong water-storage capacities should be planted to reduce rainwater runoff. Besides, the
number of gullies should be increased in UGIs to accelerate surface-runoff reduction and store
rainwater more efficiently. The UGI should also be diversified. The proportion of trees, shrubs and
lawns should effectively be used to increase the sedimentation rate and absorption rate of air pollutants.
In addition, water areas should be increased appropriately in the Flower-City square and Yuexiu Park
to better cool the surrounding. In future studies, better macro-scale estimates are necessary and the
scope of the studies can be extended to all urban parks in Guangzhou.
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1 Introduction
1.1 Background
Cities play an important role in promoting social development and economic development (Yuan, et
al., 2006). With the continuous development of modernization, as the center of national culture and
economic and political activities, the population of cities has increased rapidly, and the environmental
pollution problem is extremely serious. According to Bugliarello (2006) over 80% of the population in
developed countries lives in cities, creating large urban concentrations which require numerous
concerns about their impacts on nature and people. Physical environment within an urban context is an
essential element that needs improvement.
Urban green infrastructure (UGI) is often used to reduce environmental pollution and to maintain the
ecological environment (Bolund and Hunhammar, 1999), since they have many positive impacts, such
as reduction of urban heat island effect and stormwater runoffs, improvement of air quality, and
provision of biodiversity, habitats, and cultural services (Foster, 2011). UGI as a sustainable
development way of urban construction ecological support system, has made a lot of achievements in
the past 20 years in Europe, especially in the service function, technical means, and government
participation (Komninos et al., 2013).
Despite the growing emphasis on UGI, there are still a number of unreasonable construction plans in
developing countries due to lack of relevant knowledge and understanding of ecosystem services. This
study analyzes the ecosystem services of three urban green spaces in Guangzhou to evaluate and
compare the environmental benefits of different types of green infrastructures, and to provide effective
information for the planning and development of Guangzhou's urban green infrastructure.

1.2 Study areas and problem statement
1.2.1 Study areas
The thesis focuses on the analysis of ecosystem services in three public green spaces of Guangzhou,
China. Guangzhou, which is located in the Pearl River Delta Metropolitan Coordinating Region, is a
megacity with more than 14 million residents (Ye, 2013). Years of exploiting ecosystems, pressure from
an increasing population and intensive land use have led to the severe degradation of the urban
ecosystems and ecosystem services in Guangzhou (Li et al., 2014). These urban environmental changes
have also caused several environmental problems, such as air pollution, flood disaster. Under the
pressure caused by the effects of human activities on nature, more sustainable and environmentally
friendly approaches are needed for further urban development. By comparing the benefits and monetary
value of ecosystem services of three urban green spaces in the city center, suggestions for the
construction and planning of urban green infrastructure could be put forward.
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Figure 1 Photographs and the geographical locations of the selected green spaces
Three public green spaces that have various vegetation types and are popular and easy to access were
selected as the study sites for the survey. According to the topography and regional distribution of these
parks, these research areas close to the center of the park are selected. Flower-City Square is the largest
urban square in Guangzhou and is known as the “urban parlor” (Ruilan, 2006). It is located in the new
central business district of Guangzhou, Tianhe District and is surrounded by skyscrapers. Haizhu Lake
Park is located in the Haizhu District, has two lakes and is part of the Haizhu wetland system. Yuexiu
Park is located in the old town of Guangzhou in the Yuexiu District and has 7 small hills and 3 artificial
lakes. Yuexiu Park has various facilities for visitors of different ages.
1.2.2 Problem Statement
The planning of urban green infrastructure is very important to the living environment of Guangzhou
and the health of its residents (Takano et al., 2002). In Guangzhou, the local government has planned
many different types of urban green spaces. many problems still occur with inappropriate planning,
because the local government poorly understand social and environmental impacts of ecosystem
services and some important ecosystem services were ignored in the construction of green areas.

1.3 Research Purpose and research questions
1.3.1 Objective
This research quantifies and compares the ecosystem services and benefits of three Public Green Spaces
in Guangzhou. Through this comparative analysis of ecosystem services and their benefits between
these different UGIs, the reasonable planning of urban green space can be recommended for
Guangzhou.
1.3.2 Research Questions
RQ1 What are the major ecosystem services provided by the three UGIs? And how can they be
identified, mapped and quantified?
2

RQ2 Who are the main stakeholders that are involved in the management and use of UGIs?
RQ3 What is the monetary value of each ecosystem service in each UGI?
RQ4 What is the willingness to pay of citizens for cultural services?
RQ5 How can information on ecosystem services be used for more sustainably developing UGIs?

1.4 Research Planning
The research is conducted using primary and secondary information sources, such as literature reviews,
website reviews, field measurements, questionnaires, and stakeholder interviews. Many scientific
papers and websites on urban ecosystem services and UGIs were selected. The field measurements of
several environmental parameters of the three parks were carried out mainly during a few days in the
summer. In addition, the social surveys on the three UGIs were conducted intermittently and randomly
from October 23rd to November 10th 2018. A total of 390 valid questionnaires were collected in three
parks. Finally, from November 10th to 20th 2018, stakeholders represented by government, experts,
NGO, and private stakeholders accepted interviews on UGI and ecosystems.

1.5 Outline of this thesis report
After the introduction about research areas and the purpose of the study, the answers about research
questions could be figured out in the next part of this report. The second chapter details the research
structure and the research methods used. Research question 1 and 2 about stakeholder analysis and
ecosystem services analysis were the methods for identifying and quantifying the major ecosystem
services and main stakeholder that are involved in the management and use of UGI. Major ecosystem
services were divided into provision services, regulation services, cultural services and habitat/
supporting services, which would be explained detail in Chapter 3. The involved participation status of
the main stakeholder was determined according to the level of their interest and impact, this analysis
progress could be found in Chapter 5. In order to use monetary value to visualize the benefits of each
ecosystem services, Chapter 6 estimated with direct market pricing methods, indirect market pricing
methods and contingent valuation methods to get the value of main ecosystem services, which answered
the research question 3. As for the willingness to pay of citizens for cultural services mentioned in
research 4, the fourth chapter elaborated the results of each UGI. Besides, Chapter 4 also introduced
people's awareness of UGI and satisfaction with the status quo of UGI. How to improve this thesis and
the different aspect with the other researches were discussed in Chapter 7. At the last but the most
important is that through Chapter 8 we could know the conclusion about different specialties in the three
parks. Yuexiu Park could have the highest economic value of ecosystem services; The most number of
citizens would like to pay for the cultural services in Haizhu lake Park; Flower-City square had the
highest satisfaction level compared with the other two parks. What is more, the useful information for
more sustainably developing of UGIs mentioned in research question 5 also was listed.
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2 Methodology and Literature review
2.1 Conceptual Framework
In order to explore the problem and address the RQs, different methods, tools and information will be
combined to get a better understanding of the problem. Many methods could be used to analyse an
environmental problem, such as environmental impact analysis, life cycle assessment and cost and
benefit analysis etc. In this thesis, by way of getting the benefit of ecosystem services, ecosystem
services analysis is the best option to quantify benefits. And then, monetary valuation methods could
be used to visualize the economic benefits from ecosystem. what is more, the participation of
stakeholders in the development of UGI also is important to identify, stakeholder analysis is the most
suitable method to figure out. Figure 2 illustrates the methodology for this research. It show the three
methods are applied in this research.

Figure 2 Conceptual framework of research
In this thesis, the main stakeholders in the study were identified by questionnaires and interviews, and
the main stakeholders were investigated and analyzed to clarify the interests and impacts of different
stakeholders on UGI. The relationship between stakeholders also was analyzed. Secondly, ecosystem
services analysis was conducted. Regulation services and cultural services are the main ecosystem
services provided by UGI in Guangzhou, comparing to the provision services and habitat services that
are perceived by people. Last but not least, the monetary valuation of ecosystem services, which are
largely divided into direct market value and indirect market value. For example, some ecosystem
services such as air pollutants removal, rainwater runoff regulation, and daytime temperatures reduction
have market value. Fieldwork was selected to measure meteorological parameters and then converted
to monetary value. Ecosystem services such as cultural services that do not have direct market value
choose to use questionnaires to measure the willingness of users to pay and convert it into monetary
value.
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2.2 Research methods
2.2.1 Stakeholder analysis
Stakeholder analysis is one of the tools used to analyze stakeholders’ interest and influence on the
development of UGI. The stakeholder matrix will be used to identify the benefits people get or perceive
to classify stakeholders according to their impact and influence. The impact of various stakeholders on
these green spaces will be assessed through interviews, questionnaires and online information
collection. Stakeholder analysis could be used to analyze information about relevant actors in order to
understand their actions, intentions, interrelationships, interests, and the impact or resources they have
or may have on the decision-making process (Brugha and Varvasovszky, 2000). The stakeholders in
the construction of UGIs could be studied through analyzing their influences and impacts as well as
their attitudes towards urban greening. The strategy of managing these stakeholders can be adjusted by
promoting the implementation of specific decision-making or organizational goals. Besides, it is easy
to understand the policy background and evaluate the feasibility of future urban greening policy
direction (see 3.3 for further information).
2.2.2 Ecosystem services analysis
In order to translate social, economic and environmental impacts into benefits, the performances of
green areas are needed to be determined through ecosystem service classification. Ecosystem services
as the benefits that people obtain from the ecosystem can be classified into provisioning, regulating,
habitat and cultural services with numerous subcategories (De Groot et al., 2010). In the current
economic model, the main ecosystem services and all related interests of beneficiaries in the city could
be quantified appropriately to integrate information effectively. (Elmqvist et al., 2015). Table 1 lists the
monetary value of major ecosystem services that are statistically retrieved using literature review. Due
to time and investigation limits within this report, it is not possible to measure the exact performance
for each ecosystem service. Therefore, field measurements and literature review will be combined to
investigate ecosystem services in each green area.
2.2.3 Monetary valuation
The monetary valuation of ecosystem services is estimated to express their importance in having effects
on policy and management strategies (Scholte et al., 2015). This step aims to translate provisioning,
regulating, cultural, amenity, habitat and hedonic services of all three UGIs into monetary terms. The
total Economic Value (TEV) is the framework used to translate ecosystem services in monetary values.
The TEV comprehends direct market values, indirect market values, and non-market values. All values
found through the literature for green areas are converted to $/ha/year. Table 2 shows the relationship
between the types of services and the available methods (De Groot et al., 2002): regulating functions
mainly use non-market value methods; habitat or supporting services mainly use direct market pricing
and factor income method; information functions mainly use contingent valuation method, hedonic
value (Inspiration for culture, art and design, aesthetic information) and market pricing (entertainment
tourism and education information). The contingent valuation method (CVM) is applied to assess the
cultural value of ecosystems. Its core is to investigate and consult people's willingness to pay (WTP)
for ecological services directly to express the economic value of environmental goods (Noonan, 2003).
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Table 1 Overview of monetary values for main ES of UGI (Elmqvist et al., 2015)
Ecosystem
services

Valuation
methods

Monetary value (approx.)

References

Air quality
regulation

Replacement cost
Avoided cost

Pollutants removal
160- 7,200 $/ha/y
Carbon storage
500 $/ha/y
Carbon sequestration
16 $/ha/y

Nowak et al. 2006,
Martin et al. 2012,
Jim and Chen 2008,
Claus and Rousseau 2012,
Wang 2016,
Nowak and Crane 2002

Climate
regulation

Avoided cost

Direct energy saving
10- 249 $/tree/y
Indirect energy saving
5- 63 $/tree/y

Akbari and Taha 1992,
McPherson et al. 1988,
McPherson et al. 1981,
Konopacki and Akbari
2002

Water

Replacement cost

58- 6,700 $/ha/y

Costanza R et al. 1997,
Yang 2006

Hedonic Pricing;
Contingent
Valuation (WTP)

2-25 $/person/y

Kong et al. 2007,
Benson et al. 1998,
Luttik 2000,
Sander and Haight 2012,
Tyrväinen and Miettinen
2000,
Tyrväinen and Väänänen
1998,
Wang 2016,

regulation
Aesthetic
information

Jim and Chen 2006
Recreation
tourism

Contingent
valuation
Factor income

2- 6,000 $/ha/y

Costanza R et al. 1997,
Yang 2006

Nursery habitat

Replacement cost

142-195 $/ha/y

Costanza R et al. 1997,
Nowak et al. 2006,
Wang 2014

Genepool

Replacement cost
Factor income

60-112 $/ha/y

Costanza R et al. 1997,
Sander and Haight 2012,
Vandermeulen et al. 2011

protection

&
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2.3 Data collection
2.3.1 Survey
The main intent of the questionnaire (Appendix 1) is to investigate the fees for cultural ecosystem
services provided by UGI that respondents are willing to pay under certain hypothetical market
scenarios. Survey design used dichotomous choice (DC) and contingent valuation method (CVM) to
estimate the use and preservation (or non-use) value of cultural resources in three different parks. CVM
is one of the standard methods to measure the economic value of non-market products such as
recreational resources, historical sites and environmental quality products (Lee and Han, 2002). The
survey is used to collect the stated preference information and then to estimate the economic value of
various cultural ecosystem services.
The questionnaire in this study contained three sections. The first part of the survey is mainly about the
sociodemographic information of the respondents (such as gender, age, education level, monthly
income, birthplace). The basic background information of the respondents was collected for a more
structured analysis of the statistical results. Residents and tourists are separated, and the length of time
that they have lived in Guangzhou is also investigated and collected. Because the respondents are
residents or tourists have a great influence on their understanding of the local UGI.
The second part is about the respondent's subjective evaluation of the study sites (Flower city square,
Haizhu lake park, Yuexiu park). Respondents' satisfaction with the greening of the study area was
divided into five levels, from very satisfied to very dissatisfied. The shortage of existing greening in the
surveyed park was set as an open-ended question to understand the respondents' demand for park
greening. The purpose of visiting the park and whether there is money expenditure are also very
important parts of the questionnaire, since they reflect that respondents are more inclined to enjoy which
kind of ecosystem services provided by urban green space. Other questions were included regarding the
frequency of and time spent on visiting the park, and the commute time. In addition, ten different
ecosystem services are listed (including aesthetic, entertainment, artistic design, cultural heritage,
educational opportunities, urban heat island effect, air quality, urban drainage system, economic
benefits, Gene pool protection), which respondents need to evaluate whether the park has these
ecosystem services, and six options are set at the same time (0=Disagree, 1=Partially Agree, 2=Agree,
3=Very agree,‘?’=Maybe, ‘X’= I do not know). The respondents evaluated each ecosystem service
based on their subjective experiences in the park's green space.
The third part is about the respondent's willingness to pay for the UGIs in study sites. It means that
Some money is needed to pay for the ecosystem services provided by the green infrastructures.
Respondents who are willing to pay will fill in the value range of the individual's maximum willingness
to pay each year. And they need to assess the degree of willingness to pay for the listed ecosystem
services (from 0 to 5, 0=never willing, 5=very willing). Respondents who are unwilling to pay will be
asked the reasons why they refused to pay.
The addresses distributed the questionnaire were concentrated in three parks surveyed. Each park was
collected 130 valid questionnaires, and a total of 390 valid questionnaires were filled out. Therefore,
the questionnaires collected in each park are filled by the users of the park's UGI. Each respondent
completed the questionnaire independently and without interference, and we will provide relevant
information and explanations in a timely manner to ensure that the respondents fully and clearly
understand the meaning of each question.
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Table 2 Relationship between ecosystem services and monetary valuation techniques
Indirect market pricing
Ecosystem
services

Range of
monetary
values
(US$/ha)

Direct
market
pricing

Travel
cost

Hedonic
pricing

Avoided
cost

Replacement
cost

Factor
income

Group
valuati
on

Continge
nt
valuation

Provision Services
1. Food

6~2761

+++

0

++

0

+

2. Raw

6~1014

+++

0

++

0

+

materials

Regulating Services
1. Air

7~265

+++

0

0

0

0

88~223

+++

0

0

0

0

+++

0

0

0

0

++

0

+++

0

0

0

+++

0

0

0

0

0

quality
regulation
2. Climate
regulation
3.
Temperatur
e regulation
4. Natural

2~5445

+

0

flood risk
mitigation
5. Water

58~6696

regulation

Cultural Services
1.

7~1760

0

+++

0

++

+

0

0

0

0

0

Aesthetics
2.

2~6000

+++

++

+++

Recreation
3.

1~25

0

+++

0

+++

Inspiration
for culture,
art and
design
4. Cultural

0

0

heritage

8

and identity
+++

5.

0

0

0

0

0

0

0

0

0

+

0

0

Education

Habitat or supporting Services
1. Nursery

142~195

+++

6~112

+++

0

0

habitat
2. Gene
pool
protection

+++ indicates the most popular methods; ++ indicates the second most popular methods; + indicates the third most popular methods; 0 indicates
these methods are not popular but potentially be applied to the service (Source: De Groot et al., 2002).

2.3.2 Interview
The interview is a semi-structured dialogue with stakeholders of the surveyed project. Stakeholder
interviews allow investigators to gain insight into the interests of stakeholders and their departments in
the project (Reed et al., 2009). Ideally, these are informal discussions where stakeholders can share their
expectations, wishes, interests, and risks with investigators at will (Preble, 2005). That is to say, the
interests are transparent through interviews, so as to better understand the relationship between these
interests. Through the summary of the interview content, investigators can analyze the common interests
of different stakeholders and the contradictions between them (Reed et al., 2009).
There are 4 main stakeholders of UGI in this thesis, including the Guangzhou Municipal Government
Urban Construction Department, Urban Greening Maintenance Management Company, ENGO, and
School of Geography and Planning from Sun Yat-sen University. Because the government is not easy
to contact, there are 3 representatives except the government from the other min stakeholders face-toface interviewed in this thesis. The 3 representatives are Zhanqian Zhu who is an associate professor
from the School of Geographical Resources and Environmental Resources of Sun Yat-sen University,
Chulan Yang who is a project manager of Guangzhou Shengzhou Construction Engineering Co., Ltd.,
and Wendy Who is an ENGO worker in Guangzhou. The interview questions (Appendix 2) were set up
around the ecosystem services of the green infrastructure of the three city parks in Guangzhou.
2.3.3 Measurements
In this study, some of the ecosystem services were measured in the field. The table in Appendix 3
presents what kind of services needed to be investigated, the experimental methods and equipment to
be used for investigating various ecosystem services.
2.3.3.1 Air pollutants removal
Air quality parameters
The measurement of air quality parameters lasted from August to October, which was concentrated in
the summer period in Guangzhou. Each measurement location is a different functional area of the UGI
in the park, including the shaded area, the lawn area, and the waterside area, thus preventing the
collected data from deviating to some extent (Figure 3). Each measurement was carried out
simultaneously in three parks. From 9:00 am to 5:00 pm, air temperature, relative humidity, wind speed,
pm2.5, pm10 of Flower city square, Haizhu Lake Park, Yuexiu Park were monitored in real time. The
9

measured data is processed and collected every half hour. Then the real-time data are compared with
the data of the nearby urban meteorological stations to determine the improvement degree of the local
air quality by the UGI in the parks.

Figure 3: the measurement of air quality in three parks (a. shaded area, b. lawn area, c. waterside area)
Quantification methods
The Urban Forest Effects (UFORE) model uses urban forest information and data of air pollutants
measurements from field to quantify urban forest structures and many forest-related impacts. It has five
modules: UFORE-A (Urban forest anatomy), UFORE-B (Bio volatile organic compound emissions),
UFORE-C (Carbon storage), UFORE-D (Dry deposition of air pollutants) and UFORE-E (Energy
saving and power plant emission effects). Thereinto, UFORE-D (dry deposition) was used in this study
to quantify dry deposition of air pollution in three parks (removal of SO2, NO2 and PM10). Dry
deposition rates are generally considered to be the rate at which air pollutants are removed from the
atmosphere under dry (non-precipitation) conditions (Hirabayashi and Nowak, 2011; Nowak, 1994).
Pollutant flux is calculated as a product of the deposition velocity and the air pollutant concentration:
𝐹𝑖 = 𝑉𝑑 ⋅ 𝐶

(Equation 1)

where
𝐹𝑖 : Pollutant i flux (g m-2 s-1)
𝑉𝑑 : Deposition velocity (m s-1)
𝐶: Air pollutant concentration (g m-3)
Deposition velocities (Vd) for CO, NO2, SO2, and O3 are calculated as the inverse of the sum of the
aerodynamic resistance (𝑅𝑎 ), quasi-laminar boundary layer resistance (𝑅𝑏 ), and canopy resistance (𝑅𝐶 )
(Baldocchi et al., 1987).

𝑉𝑑 = (𝑅

1

𝑎 +𝑅𝑏 +𝑅𝐶 )

(Equation 2)

where
𝑉𝑑 : Deposition velocity (m s-1)
𝑅𝑎 : Aerodynamic resistance (s m-1)
𝑅𝑏 : Quasi-laminar boundary layer resistance for a type of air pollutions (s m-1)
𝑅𝐶 : Canopy resistance in in-leaf periods (s m-1)
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Total flux of pollutant i (𝐹𝑖𝑡 ) which could be adsorbed by trees, is estimated through multiplying Fi by
tree cover (𝐴) in a time period (𝑇). The formulation is shown below (Jim and Chen, 2008):
𝐹𝑖𝑡 = 𝐹𝑖 ⋅ 𝐴 ⋅ 𝑇 (Equation 3)
2.3.3.2 Daytime air temperature reduction
Quantification methods
The reduced temperature could be converted to the heat of the air absorbed by the plant's
evapotranspiration in the UGI, and then converted to the electrical energy required to reduce the
corresponding temperature. A theoretical spatial area of 10m2 and a height of 100m is then used as the
calculation unit. Though equation 4 and 5, the heat TQ consumed by the plant is derived (Zhang, 2014).
𝛥𝑄 = ∆𝑇 ⋅ 𝑃𝐶

(Equation 4)

𝑇𝑄 = ∑𝑛𝑖=1 ∆𝑄𝑖 ⋅ 𝐴𝑖

(Equation 5)

where
𝛥𝑄: the heat absorbed by the green space through evapotranspiration (J/(m3 × h))
𝑃𝐶 : the volume heat capacity of the air (1256 J/(m3 × C))
∆𝑇 : the decreased air temperature (°C)
𝐴𝑖 : the area of urban green infrastructure
In order to alleviate the discomfort caused by the high-temperature environment in the city, residents
usually use air conditioners for air temperature reduction. Such process consumes more power, which
can be calculated through Equation 6:
𝐸𝑆 = ∑𝑛𝑖=1 𝑎 ⋅ 𝐶𝑂𝑃 ⋅ 𝑄𝑖

(Equation 6)

Among them, ES is the amount of energy saved by reducing the air temperature in UGI. COP (Air
Conditioning Performance Coefficient) is the efficiency of artificial cooling normally ranging from 2.6
to 3.2. The average value 2.9 was used in this study (Oliveira, 2011). α represents the conversion factor
for converting heat into electrical energy (1J = 0.278 × 10-6 kwh).
2.3.3.3 Rainwater runoff regulation
leaf area index (LAI)
An important indicator of the ability of vegetation to intercept is the leaf area, which is usually described
by the leaf area index (LAI) (Keim et al., 2006). In order to calculate the mitigation capacity of UGIs
for rainwater runoff in the three parks, the LAI of the vegetation in each park was measured. In each
park, five or six types of the tree that occupy the main green area were selected as the study object to
be measured. For each object, eight images were taken by digital hemispherical photography (DHP,
Nikon D90+10.5mm F/2.8g ED). The digital hemispherical photographs were taken at 1.5 m above the
ground. The field of view should not be included in the part outside the tree which was measured (Kang
et al., 2005). The images were taken on cloudy days, or before sunrise and after sunset to avoid the
interference from the direct sunlight. The captured image was digitized, and the effective leaf area index
was calculated by using the analysis software CAN-EYE 6.4 by calculating the solar radiation
transmission coefficient, the canopy gap size, the gap ratio parameter (Yan et al., 2019). According to
the analysis results, the average leaf area index of Flower city square is 1.57, Haizhu lake park is 0.945
and Yuexiu park is 2.49.
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Table 3: Characteristic of the observation spot, reference spot and data we obtained
Location

Photos

Flower city
square

Fisheye photos

Phyto Coenobium

Ficus altissima (Ficus lacor Buch. - Ham.), Ficus
microcarpa (F. retusa Linn. ), Kapok [
Gossampinus malabarica ( DC. ) M err. ],
Michelia alba ( Michelia alba DC. ), Magnolia
grandiflora (Magnolia grandiflora L)

Data obtained

ALA (°): 44.75
LAI: 1.57

(Quercus acutissima)、Ficus altissima (Ficus
lacor Buch. - Ham.), Ficus microcarpa (F.

Yuexiu
park

retusa Linn. ), Kapok [ Gossamp inus
malabarica ( DC. ) M err. ], Michelia alba (

ALA (°): 63.63
LAI: 2.49

Michelia alba DC. ), Magnolia grandiflora
(Magnolia grandiflora L)

(Liquidambar formosana)、(Celtis sinensis)、
(Acer buergerianum),Ficus altissima (Ficus

Haizhu
lake park

lacor Buch. - Ham.), Ficus microcarpa (F.
retusa Linn. ), Kapok [ Gossamp inus

ALA (°): 50.92
LAI: 0.945

malabarica ( DC. ) M err. ], Magnolia
grandiflora (Magnolia grandiflora L)

Quantification methods
Plant canopy rainwater interception capacity is determined by the specific water storage capacity of
each vegetation and its leaf area index. The storage rainwater capacity of plant canopy (𝑆𝐶 , g/m²) is
determined by the specific water storage capacity of each vegetation and its leaf area index, and 𝑆𝐿 (g/m²)
is the potential maximum amount of the water storage per unit leaf area. The two parameters are
multiplied to obtain the storage rainwater capacity of plant canopy (maximum intercepting flow rate of
the leaf) corresponding to the unit land area.
𝑆𝐶 = 𝐿𝐴𝐼 ⋅ 𝑆𝐿 (Equation 7)
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Since UGI can provide services for rainwater storage and runoff purification, the economic benefits can
be used to measure the price of reservoirs and reclaimed water. The method for estimating value is
described by the following equation (Zhang, 2012):
𝑉 = ∑𝑛𝑖=1 ∆𝑊𝑖 ⋅ (𝑃1 + 𝑃2 ) (Equation 8)
where
𝑉= the economic value of rainwater-runoff regulation (RMB/y),
𝑊𝑖 = the amount of runoff reduction in the urban green infrastructure (m3/y),
𝑃1 /𝑃2=the unit prices of reservoir and reclaimed water in China (RMB/m3).

2.4 Data analysis and management plan
2.4.1 Statistics analysis
In order to extract useful information and get conclusions, the questionnaire response data and the
measurement data of air quality are studied and summarized in detail by statistical analysis methods.
The study locations, visiting frequency, staying time length, commuting time, and social demographic
variables (including identity, gender, age, education level, monthly income level, and the length of time
that respondents had lived in Guangzhou) were statistically described. First, the respondents' responses
to the satisfaction of the park's green infrastructure survey were described statistically. The
nonparametric Kruskal-Wallis h test (Kruskal and Wallis, 1952) was then used to study the differences
among these reactions, as these concerns were ordinal and not normally distributed. The differences
were checked by considering study locations, demographic variables, commuting time, the staying time
length and frequency of visiting. After the statistics describe all responses of the willingness to pay, the
relationships among these responses and the sociodemographic variable characteristics of the
respondents, commuting time, the staying time length and frequency of visits were studied. These
relationships were explored by using a binary logistic regression model (Hilbe, 2011). Before applying
the regression analysis, the two response scales were simplified to "yes = 1" and "no = 2". Preliminary
experiments were carried out to select relevant socio-demographic variables and exclude other
parameters from regression (Duan et al., 2018). According to the Hosmer-Lemeshow test (Hosmer and
Lemeshow, 2000), the goodness of fit indicates that the model can fit the data properly. The analysis of
respondents' perspective about urban green infrastructure ecosystem services was further analyzed by
cross-tabulation analysis (De Vaus, 2002). This method compares the differences between different
reaction groups and needs to grasp the data distribution of multiple variables under different values, so
as to further analyze the interaction and relationship between variables (Cohen et al., 2014). The sociodemographic variables characteristics were the same as the parameters in the logistic regression
analysis.
2.4.2 Data management plan
The Data Management Plan (DMP) helps to organize and manage data in these processes. DMP will be
used as a guiding principle to maintain, analyze, and store the data in this thesis. My DMP was divided
into three phases: pre-field research, field research and analysis, and post-field research (see Appendix
4). In the previous study, I conducted a research proposal, literature review, interview questions, and
questionnaire surveys. At this stage, I completed my proposal and prepared the design of the
questionnaire and interviews. Most of data or documents worked with Microsoft Word and PDF. The
second phase is the field work and analysis phase. At this stage, I used relevant methods and techniques
to collect data. The meteorological data monitored in the field were organized into a tabular format. In
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addition to writing the answer during the interview, I also recorded the interview dialogues. All the
questionnaires were filled in by the UGI users. Finally, the data of the questionnaire was converted into
a digital version and entered the SPSS program. The completed questionnaire will be translated into
English before analyzed using the SPSS program. The originally completed questionnaire that would
be kept in the office of the Earth environment Central Building of Sun Yat-sen University. In addition,
in order to record the work that I did in Guangzhou Parks, I captured some photos, such as the activities
of the citizens, the basic situation of UGI, the questionnaires and the process of meteorological
monitoring data in the study areas. These documents will be formatted as pictures, Video and sound
recording. File format is doc, spv, mp4/mov, jpg and mp3.
The final stage is post-research. This phase covered my activities in the calculation of the total economic
value of ecosystem services and thesis writing. The data would be saved in Microsoft Word and Excel.
In order to back up the data, I saved them regularly on laptops (computers) and Google Drive.
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3 Stakeholder Analysis
3.1 Stakeholder Involvement
Adapting UGIs is a challenge that requires stakeholders’ actions and engagement from global to local
(Schilling et al., 2008). Stakeholders in urban green infrastructure work with a hierarchical order,
starting with the top of the chain relationship with the government, and ending with the least influential
private actors at the local level (Mees et al., 2013). In this study, stakeholders rely on the ecosystem
services provided by UGI in Guangzhou, impacting or being affected by changes in services' quality.
At the same time, they also can influence and interest in the planning of UGI in Guangzhou.
Groot et al. (2006) proposed two criteria for determining stakeholder: impact and spatial distribution.
In this study, stakeholders were divided into two groups, which are the national level and the community
level (Figure 4). The main survey methods are observation, questionnaire, and interview. At the national
level, State Council, Local government & Municipalities, landscape engineering management
industries, and Chinese Research Academy of Environmental Science (CRAES) are involved, with a
focus on the regulatory and construction aspects of the problem. The community level includes
Environmental Organizations (ENGOs), Visitors of green space, experts and citizens, who can provide
information and knowledge about the field and then incorporate that information and knowledge into
policies and regulations.

Figure 4. Stakeholders involvement in UGI Decision-making development
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3. 2 Stakeholder prioritization
Considering ecosystem services from UGI can benefit many people, everyone visiting or living in the
city more or less gain benefits from UGI installation though of course to various degrees (Lamond et
al., 2014). Therefore, each stakeholder in this study has influences on the ecosystem services of UGI
and has relevant interests above it. As can be seen in Figure 5 the stakeholders have been divided into
four sections depending on their degree of influence and degree of interest.
High interest and high influence (keep good relations):
a. Local government & Municipality
The municipality refers to the local or regional administrative agency (Mascarenhas, 2010). Due to the
vast land area of China, there is a huge difference between the natural resources and economic
conditions of southern cities and northern cities (Chen, 2007). According to the policy direction of the
State Council, municipal government should formulate regulations that suit their own situation,
including urban construction plans and implementation projects. In addition, they need to develop
specific measures and monitor the implementation of these plans.
b. Landscape engineering management industry
The environmental engineering management industry is mainly involved in the construction services
for the landscapes of municipal planning areas and supplies green space facilities projects. The
Guangzhou Municipal Government conducts regular maintenance of UGI every year and invites tenders
for construction projects to the society. A series of construction services such as horticultural crop
cultivation, plant replacement, pest control, and water garbage disposal involved in the maintenance
process are provided by the environmental engineering management industry. Environmental
engineering management industry affects the condition and function of UGIs' ecosystem and relies on
constructing UGI to get economic benefits.

Figure 5. Stakeholders prioritization in Decision making
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High interest and low influence (protect):
a. UGI users
UGI users are local residents or tourists from other cities who enjoy the ecosystem services provided
by urban green space. As the capital of Guangdong Province, Guangzhou has rich tourism resources
and numerous cultural relics. According to the latest report of the World Tourism Council in 2018,
Guangzhou became one of the top ten cities with the fastest growth in world tourism during the period
from 2007 to 2017 (Liu and Song, 2018). The development of urban tourism has a strong dependence
on natural ecological resources. It means that sustainable tourism development depends on a health
ecosystem (Daily, 2003). Green space is an important ecological resource, and its protection and
functional performance directly affect the local ecological environment. In the UGI ecosystem
questionnaire, there are many reasons why these respondents went to the green space, and the aim that
people went to parks depend on what kind of the ecosystem services could be provided by UGI.
b. Environmental Non-Governmental Organizations (ENGOs)
Since 2003, Chinese ENGOs had participated in many major public events, marking the entry of
ENGOs into the public advocacy stage (Morton, 2005). In these incidents, ENGOs produced a wide
range of social influences and pressures successfully, through the traditional media and the network
communication channels, which increased their participation times in environmental incidents and the
degree of public attention. It promoted social justice and cultural protection behind social issues. At the
specific operational level, some ENGOs have begun to combine environmental appeals with community
development. However, China's ENGOs are still in the initial stage compared with the mature network
alliances formed by international environmental NGOs over the years.
High influence and Low interest (context setters):
a. State Council
The State Council has been synonymous with the Central People's Government since 1954, which is
the main administrative authority of the People's Republic of China and the highest organ enforced by
the state power organs (Chen, 1999). The State Council stipulates administrative measures and
regulations to issue decisions and orders in accordance with the Constitution and laws (Beyer, 2006).
Its functions also include leadership and management of economic work, urban and rural construction,
and ecological civilization. Therefore, the State Council has formulated the main policies for the
protection and development of UGI in China and Guangzhou.
b. Chinese Research Academy of Environmental Science (CRAES)
The Chinese Academy of Environmental Sciences was formally established as a state-level social
welfare non-profit environmental protection research institution. Focusing on the national sustainable
development strategy, the Chinese Academy of Environmental Sciences conducts innovative and
fundamental major environmental protection scientific research. It is committed to providing scientific
and technological support for national economic and social development which include environmental
decision-making and engineering technology for major environmental issues in economic and social
development.
c. Experts
Environmental experts play the important roles in the protection and construction of UGI. Their
recommendations and opinions should be considered in the decision-making and planning process for
UGI projects. In this study, according to the interview with Zhanqiang Zhu who is an associate professor
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from the School of Geographical Resources and Environmental Resources of Sun Yat-sen University
in Guangzhou.
Low influence and Low interest (The crowd):
a. Citizens
Local citizens in Guangzhou rely on the services provided by the urban ecosystem. Due to the
acceleration of urbanization and the serious pollution in the city, the urban green infrastructure
effectively improves air quality, alleviates rainwater runoff and provides opportunities for cultural and
educational communication, which are important for the quality of life of local residents. On the other
hand, local and surrounding citizens are among the producers of environmental pollutions.

3.3 Main stakeholder involvement in the study
Based on interviews with major stakeholders, the participation of stakeholder participation in this thesis
was further studied. Through the news reports of the official website of the Guangzhou Forestry and
Landscape Bureau, it has been learned that the development direction of UGI construction. The number
of UGI will be increased and its scale will be expanded. The Guangzhou government will mainly carry
out water control projects to restore wetlands, and expand the protected area of wetlands, which promote
the restoration of terrestrial and wetlands ecosystems. At present, 19 wetland parks have been built in
Guangzhou, and by 2020, 6 wetland parks will be built in Guangzhou (Bureau of Forestry and
Landscape of Guangzhou Municipality, 2018). The government stated that they will organize people
from different professional backgrounds to participate in the construction and planning of UGI, which
could strengthen cooperation between society and government. relevant supporting land policies will
be implemented, which could encourage developers to invest funds. Citizens are the direct beneficiaries
of the environment, and the government would like to consider the needs of citizens in the process of
building green infrastructure. Secondly, the economic benefits of the landscape engineering
management industry mainly come from the construction and maintenance of UGI. Through an
interview with Chulan Yang who is a project manager of Guangzhou Shengzhou Construction
Engineering Co., Ltd., the impact of landscape engineering management industry on UGI construction
and the benefits obtained were further investigated. The company won the bid in the Yuexiu Park
Facilities Maintenance and Environmental Improvement Project announced by the government in 2017.
Yang Chulan said that the treatment time of green space maintenance and environmental treatment is
about 1-3 years, and it will cost about 5 million-120 million RMB. The cost is mainly determined by
the area of the maintenance park and the object of governance. The governance projects mainly include
replacing green plants, pest control, watering and pruning green belts, landscape maintenance,
ecological restoration, water quality and transparency improvement. Besides, ENGO also made great
contributions in the construction of the UGI in Guangzhou. In an interview with Wendy Who is an
ENGO worker in Guangzhou, she said that ENGO has contributed a lot to the education and publicity
of environmental awareness. A large number of ENGOs are actively pursuing environmental activities,
including various forms of environmental initiatives and practical activities, and holding environmental
awareness education activities such as lectures and speeches. Furthermore, ENGO also provided
funding for environmental protection and UGI construction. For instance, the China Foundation for
Environmental Protection is mainly involved in this activity, including funding, equipment, technology
and other aspects of funding or assistance for activities related to natural resources and environmental
protection. In addition, experts play a very important role in the decision-making process of the
Guangzhou green space planning. In the process of interviewing Zhanqiang Zhu who is an associate
professor from the School of Geographical Resources and Environmental Resources of Sun Yat-sen
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University, he mentioned that the emphasis on green space in China is extremely high. In 2009, the
construction of greenway began to be encouraged. The first experiment started in Guangzhou, and the
400-kilometre greenway was constructed, which formed the connecting corridor between the green
areas. The relevant expert team participated in the development strategy of 9 lakes in Guangzhou. It is
a combination of blue infrastructure and green infrastructure, mostly based on flood control projects.
Environmental education is also highly attached importance to. Sun Yat-Sen University has a series of
UGI-related courses, such as environmental science, urban environment, and urban ecological planning.
However, the main problem of the status of UGI in Guangzhou is that the allocation of urban plants is
not reasonable at present. After the natural disaster, the maintenance cost of UGI is very high. For
example, some transplant trees under the typhoon will be destroyed.
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4 People’s awareness of urban green infrastructure
4.1 Profile of the Respondents
Table 4 lists the profiles of respondents in this study. The proportion of tourists in UGI accounts for
34.6%, which indicates that Guangzhou is a popular tourist city. UGI not only brings a series of
ecosystem services to local residents but also to the tourists. Respondents have a balanced male-female
ratio, which makes the data analysis of this survey more accurate. Most of the respondents were young,
and the people whose age are over 60 years old account for only 7.2% of the total respondents. On the
one hand, it may be because young people are more inclined to go out, and on the other hand, it may be
because older people are more likely to refuse to fill out the questionnaire because of physical reasons
or limited understanding. More than 59% of respondents have a bachelor's degree or higher, which
means that more than half of the respondents are well educated. 83.7% of the respondents lived in
Guangzhou for more than a year, and about 47% of them lived in Guangzhou for more than 10 years.
More residents who have lived a long length of time in Guangzhou indicate that the respondents know
more about the UGI of the study areas. A total of 27 provinces and municipalities directly under the
Central Government of China were mentioned in the survey. More than half of the respondents were
born in Guangdong Province (52.6%).
There are different kinds of reasons for visiting these three city parks, and the most common reason is
to relax and enjoy the environment. Other major reasons depend on the characteristics of each UGI,
which have different appeals to respondents. Most of the respondents went to Flower city Square for
shopping (19.2%) and party (21.5%). This may be because Flower city Square is located in the financial
center of Guangzhou, and there are many large shopping centers and entertainment facilities nearby.
Many people passed by because Flower City Square is the transportation hub of Guangzhou and the
transportation facilities are close by.
The most popular location for physical exercises and group activities is Haizhu Lake Park. This may be
because there are lakes in the park that offer more options for sports activities, such as fishing and
rowing. Compared with the other two parks, the total proportion of respondents who participated in the
cultural artistic creation and popular science exhibitions in Yuexiu Park was the highest, about 20%.
The vast majority of respondents (82.5%) spend no more than an hour in the three parks. Besides, the
frequency of respondents going to the park is diverse and evenly distributed. This may be because
tourists account for a large proportion of the respondents.
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Table 4 Sociodemographic variables of the respondents
Socio
Demographic
category

Identity

Gender

Age

Education level

Time category

Variables

Flower City Square

Haizhu Lake Park

Yuexiu Park

All
%

N

(%)

N

(%)

N

(%)

Resident

94

(72.3%)

87

(66.9%)

74

(55.9%)

65.4%

Tourist

36

(27.7%)

43

(33.1%）

56

(43.1%）

34.6%

Male

58

(44.6%)

62

(47.7%)

67

(51.5%)

47.9%

Female

72

(55.4%)

68

(52.3%)

63

(48.5%)

52.1%

15-24

27

(20.8%)

37

(28.5%)

2

(16.2%)

21.8%

25-29

26

(20.0%)

19

(14.6%)

19

(14.6%)

16.4%

30-49

64

(49.2%)

46

(35.4%)

60

(46.2%)

43.6%

50-59

9

(6.9%)

20

(15.4%)

14

(10.8%)

11.0%

≥ 60

4

(3.1%)

8

(6.2%)

16

(12.3%)

7.2%

Middle

14

(10.8%)

30

(23.1%)

26

(20.0%)

17.9%

Senior

23

(17.7%)

40

(30.8%)

27

(20.8%)

23.1%

Bachelor

80

(61.5%)

53

(40.8%)

66

(50.8%)

51.0%

Master

11

(8.5%)

7

(5.4%)

10

(7.7%)

7.2%

PHD

2

(1.5%)

0

(0.0%)

1

(0.8%)

0.8%

< 1year

19

(15.0%)

27

(20.9%)

17

(13.1%)

16.3%

1≤t <5

30

(23.6%)

22

(17.1%)

27

(20.8%)

20.5%

5≤t<10

24

(18.9%)

23

(17.8%)

16

(12.3%)

16.3%

≥10

54

(42.5%)

57

(44.2%)

70

(53.8%)

46.9%

year

4.2 Satisfaction with UGI situations
In the survey, some questions were raised to reflect the satisfaction of respondents to the current UGIs'
status quo. Since the questionnaires were conducted in three different types of representative parks, the
results of the questionnaires for all survey locations were integrated firstly. Subsequently, the
satisfaction of all respondents to UGI was analyzed, which can effectively reflect people's attitude
towards the status of UGI in Guangzhou. The questionnaire designed five satisfaction levels, which
were very satisfactory, satisfactory, normal, dissatisfied, very dissatisfied. The results showed that
21

79.2% of the respondents expressed satisfied and very satisfied with the status quo of UGI in
Guangzhou. Only 1.5% of respondents expressed dissatisfied with it, and no one chose very dissatisfied
(see Figure 6). It can be seen that the greening of urban parks in Guangzhou basically meets the daily
needs of people and got highly praised in people's minds.

Figure 6 The percentage of the satisfaction level of UGI
In order to further analyze the relationship between sociodemographic variables and park satisfaction,
Kruskal–Wallis h test (Kruskal and Wallis 1952) statistical analysis was used in this study to analyze
their relationship with each other. First and foremost, the questionnaires were classified according to
the research location. All locations represented the three survey sites where were collected all the
questionnaires. Location 1 represents Guangzhou's largest city square (Flower city square), and
Location 2 represents the new artificial wetland system park (Haizhu Lake Park), location 3 represents
comprehensive historic cultural Park (Yuexiu Park). Then, the sociodemographic variables and the park
satisfaction involved in the questionnaire were statistically analyzed. The results show that the time
length of the respondent's lived in Guangzhou, which is the influencing factor that affects people's
thoughts about the satisfaction of UGI and the impact on satisfaction is very significant (p=.002) (Table
5). In general, the longer time length people lived in Guangzhou, their satisfaction level of UGI will be
higher. At the same time, according to the cross-tabulation analysis (De Vaus 2002), the proportion
that the respondents who lived in Guangzhou for more than 10 years felt satisfied and very satisfied of
UGI accounted for 36.2% of the total percentage.
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Table 5 The p-value in Kruskal-Wallis h-test analysis for the satisfaction of UGI
Sociodemographic

Identity

Gender

Age

Time

variables

Education

Income

Frequency

Playtime

level

Flower city square

0.5462

0.2471

0.5704

0.8977

0.176

Haizhu lake park

0.02576*

0.4487

0.0544*

0.0001334*

0.213

Commut
ing time

0.9715

0.3961

0.007084** 0.01099*

0.2181

0.1674

0.38

0.2586

0.5034

0.08835

**
Yuexiu park

0.4819

0.4271

0.3384

0.118

0.9769

0.6774

0.7782

*
All Location

0.9253

0.0911*

0.785

0.002008**

0.5367

0.1028

0.4236

0.2027

0.5426

Source: this thesis (based on SPSS outcome)

4.3 Awareness of UGIs’ ecosystem services
The awareness of UGIs’ users about the ecosystem services of UGI could guide the government's policy
on urban construction and the environmental education activities organized by international ENGOs.
The survey listed ten kinds of common ecosystem services that allow respondents to judge based on
their feelings at the study areas. (Options include 0=Disagree, 1=Partially Agree, 2=Agree, 3=Very
agree, ‘?’=Maybe, ‘X’= I don’t know.) According to statistical analysis, the relevant ratios were
obtained. Respondents in the three parks have high approval rates for that UGI has an aesthetically
pleasing ecosystem service. More than 95% of respondents in each park considered the diversity of
green spaces meet their personal aesthetics. Similar to the entertainment value, more than 85% of
respondents in each park thought that UGI is a good place for recreation. For cultural values,
respondents in Yuexiu Park had the most positive response, with 81.5% of respondents saying that UGI
added inspiration to their cultural or artistic creations, and 93.8% of respondents believe that Yuexiu
Park is the bridge of cultural heritage. This should have a great relationship with the prosperous
historical background and constructions with a long history in Yuexiu park. It is worth mentioning that
Flower city square was considered to be the most educational place, and 83% of respondents believed
that it can provide opportunities for outdoor classroom and research investigations. This may be because
there is a library open to the public in the square, and also there are a lot of knowledge-based signages
for introducing plants in the green area. There are 87.1% and 91.3% respondents strongly agreed that
UGI in three parks can effectively alleviate the urban heat island effect and purify the air quality.
However, the approval rate about the ability to reduce the pressure on urban drainage systems only
accounts in 72.8%, which has declined dramatically. Compared with the other two parks, the total
proportion of respondents who participated in artistic creation and popular science exhibitions in Yuexiu
Park was the highest, about 20%. The majority of respondents (82.5%) spent no more than one hour in
the three parks. The frequency of respondents going to three parks was diverse and evenly distributed.
This may be because tourists account for a large proportion of the respondents. What’s more, due to
lack of relevant knowledge and information, 29.3% and 25.9% of respondents expressed uncertainty or
ignorance about the ability of UGI that could bring economic benefits to Guangzhou and protect genetic
diversity.
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4.4 Willingness to pay for Cultural services
In this study, the questionnaire surveyed whether people are willing to pay for the ecosystem services
they enjoyed. According to the statistics in Table 6, a total of 44.4% of the respondents were willing to
pay. In the comparison among the three parks, only Haizhu Lake Park had more than half of the
respondents were willing to pay (50.8%). The reasons for refusing to pay were also investigated through
the questionnaire. Nearly half of the reasons for the refusal were due to the fact that the respondents
believed that the construction fees of UGI should be paid by the government. In addition, 29.5% of the
reasons were that respondents felt the park is too far, 25.3% of respondents preferred indoor sports,
18.9% of respondents said that they have limited income, and 9.2% of respondents worried that the cost
of payment cannot be reasonably applied to UGI. At the same time, more than one-fifth of respondents
who refused to pay expressed that they don't care about the ecosystem.
Table 6: The percentage of willingness to pay for cultural services in three parks
Location
Flower city
square
willing to pay

Yes

No

Total

Number
total %

Total

Haizhu Lake
Park

Yuexiu
Park

Number
pay %
location %

54
31.2%

66
38.2%

53
30.6%

41.5%

50.8%

40.8%

total %
Number
pay %
location%

13.8%
76
35.0%

16.9%
64
29.5%

13.6%
77
35.5%

58.5%

49.2%

59.2%

total %

19.5%
130
33.3%

16.4%
130
33.3%

19.7%
130
33.3%

173

44.4%
217

55.6%
390
100.0%

The non-parametric Kruskal-Wallis h test and a binary logistic regression model were applied to further
analyze the relationship between sociodemographic variables and people's willingness to pay. The
identity was analyzed as an important significant factor affecting people's willingness to pay (p=.02),
and the residents' willingness to pay for Guangzhou UGI is higher than the willingness of tourists. This
is probably because residents can enjoy more ecosystem services brought by UGI for a long time. In
addition, the frequency of UGI users accessing green space has a significant impact on people's
willingness to pay (p=.0005). According to logistic analysis, UGI users who visit green space every day
are more willing to pay for ecosystem services. With the frequency of visits declines, people's
willingness to pay will also decline. At the same time, education (p=.0164) and commute time (p=.0444)
also have a significant impact on willingness to pay.
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5 Ecosystem services analysis
5.1 Overview of Ecosystem services
In order to translate social, economic and environmental impacts into benefits, it is necessary to
determine the performance of UGI through the classification of ecosystem services. Ecosystem services
are the benefits that people derive from ecosystems. Some of these ecological services are not directly
affect the human being, but need to sustain the ecosystem itself (Costanza et al., 1997). UGIs provide a
variety of ecosystem services to urban residents. Due to the time and survey limitations in this report,
it is not possible to accurately measure the performance of all the ecosystem services provided by UGI.
Some of the ecosystem services were measured in this study. Based on measurements and literature
studies, this chapter will demonstrate what services are provided by Flower City Square, Haizhu Lake
Park and Yuexiu Park.

5.2 Ecosystem Services
5.2.1 Provision services
Provision services refer to the conversion of energy, carbon dioxide (CO2), water and nutrients into a
variety of carbohydrate structures through photosynthesis and nutrient uptake by autotrophic organisms.
They are then used by secondary producers to create more types of biomass and provide many resources
for humans. Provisioning services can be categorized into six components, i.e. food, water, raw
materials, genetic materials, biochemical products and ornamental resources (De Groot, R. et al., 2010).
In theory, UGI can produce a large amount of food to society through plants, but the functionality of
the chosen specific green infrastructure areas in this study primarily relies on providing cultural and
amenity services. It is likely that some UGIs will produce a small amount of food for recreational,
educational and scientific reasons. However, the overall production, in this case, is negligibly small.
Furthermore, if food will be grown in UGI, there will not have economic purposes. Thus, the
provisioning of food can be seen as a neglectable service of the UGI in this study. Similarly, UGI is not
used as genetic material and related biochemical products.
5.2.2 Regulation Services
Regulatory services balance natural processes such as flood control, water quality control, carbon
storage, disease regulation, nutrient and insecticide waste treatment, and climate regulation (De Groot,
R. et al., 2010). It is a very important regulating service through UGI in Guangzhou to improve air
quality, mitigate urban heat island effect, and store rainwater to deal with rainwater runoff.
5.2.2.1 Air Pollutants removal
The main pollutants involved in air quality assessment are fine particulate matter, respirable particulate
matter, sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3) and carbon monoxide (CO) (Kampa
and Castanas, 2008). SO2, NO2, volatile organic compounds (VOCs), O3 and particulate matter coexist
in the atmosphere to form atmospheric complex pollution (Mysliwiec and Kleeman, 2002). Among
them, SO2 and NO2 can cause acid deposition pollution, which harms the human respiratory system
Produce and affects ecological balance. PM10 and PM2.5 have a scattering and absorption effect on light,
which causes a decrease in visibility and a hazard to the human cardiovascular system (Freedman,
1995).
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UGI is able to extract aerosols and chemicals from the atmosphere, depending on the type of vegetation,
planting density, etc. Gaseous and particulate contaminants are transported and absorbed primarily
through leaf surface to plants (Nowak, 1994). SO2 and NO2 can be absorbed into tree through the pores
together with carbon dioxide (CO2) during photosynthesis, then they are transferred and assimilated in
the tissue. Trees play as barriers to filtrate and absorb the dusts (Kocić, 2014). On the one hand, it
reduces the wind speed by the flourishing foliage; on the other hand, the rough surface of the leaves
with fluff or sticky secretions can capture the dusts passing through foliage or branches and precipitate
them with rain fall. The capacity of this ecosystem service varies by plant species, canopy area, height
of canopy, type and characteristics of air pollutants, and local meteorological environment (Nowak,
1994, 2006).
In this study, the area of green space used to calculate air pollutant removal is the area covered by trees
in three parks. Most of the urban trees in Guangzhou are evergreen trees, which can grow throughout
the year, and the proportion of growth rate in the dry season is slightly lower. However, irrigation
provided during urban dry seasons can increase the growth rate of trees above natural conditions. With
supplemental water supplies during winter low temperatures in subtropical region, transpiration and
photosynthetic rates can be maintained at levels like those during the rainy season. Therefore, the
calculation of air pollutant removal in the study area is based on 12 hours per day (daytime) throughout
the year of 2018 (Jim and Chen, 2008). The monthly air pollutant concentrations in Guangzhou in 2018
are obtained from the air quality measurement data of Guangzhou Meteorological Bureau (Guangzhou
Environmental Protection Bureau, 2018) (Table 7).
Table 7: The monthly air pollutant concentration in Guangzhou in 2018.
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

SO2

14

10

13

12

10

8

8

8

8

10

8

7

NO2

76

43

61

54

40

40

36

45

38

48

50

45

PM10

86

58

65

69

44

37

37

44

44

57

61

51

Pollutants
(ug/m3)

Source: (Guangzhou Environmental Protection Bureau, 2018)
The conditions of stomata control the deposition process. When they are open the deposition process
could be more efficient (Lovett, 1994; Fowler, 2002). The average deposition rate depending on the
flux density of photo synthetically active radiation (PAR) is shown in table 8, If PAR > 0 (in the
daytime) (Lovett, 1994):
Table 8. Typical range of deposition velocity for air pollutants on tree canopy and the average values
adopted in the study (Lovett, 1994; Fowler, 2002).
Air pollutant

Site of deposition

Deposition velocity (m/s)
Range

Average

SO2

Exterior surfaces and interior of leaves

0.002-0.01

0.0055

NO2

Primarily interior of leaves also exterior
surfaces

0.001-0.005

0.0037

Particulate

Exterior surfaces

0.005-0.02

0.0064
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Using the UFORE-D equations 1, 3 and the monthly air pollution concentration data (Table 7), the total
amount of air pollutants (15,039 kg) removed by the three park green spaces in Guangzhou in 2018 can
be calculated. Among them, Yuexiu Park has the strongest ability to remove air pollutants, with an
annual removal amount of 6,214 kg. PM10 can be treated with the highest removal rate compared to the
other two pollutants (Table 9).
Table 9: Annual air pollutants removal by trees (kg) in three parks of Guangzhou in 2018
SO2

NO2

PM10

Total pollutants

Flower city square (kg/y)

463

1,547

3,033

5,043

Haizhu lake park (kg/y)

347

1,160

2,275

3,782

Yuexiu park (kg/y)

571

1,906

3,737

6,214

Three parks (kg/y)

1,381

4,613

9,045

15,039

5.2.2.2 Daytime air temperature reduction
In the recent years, a large number of buildings have replaced the natural surface in the city. That greatly
changed the urban thermal environment and accelerated the urban "heat island effect", thereby harming
human health and living environment (Jabareen, 2013). The increase in temperature not only affects the
physiology of plant and animal, ecosystem function, physical and mental health of residents, but also
increase energy consumption and so on. Normally, trees in UGI could reduce the air temperature and
wind speed through shading and wind sheltering. Besides, UGI in parks can reduce temperature and
increase humidity through photosynthesis, transpiration and evapotranspiration of vegetation, which is
one of the effective ways to alleviate urban temperature rise (Feyisa et al., 2014).

Figure 7: Daytime temperature measurements data from Guangzhou Meteorological Station from
August to October
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In this study, daytime air temperature measurements were carried out in three parks in different
ecological areas (shade area/ waterside area/ lawn area) (Appendix 5,6,7). The average reduction in the
daytime air temperature in each park was obtained by comparing with the data from Guangzhou
Meteorological Station (Figure 7). The average daytime air temperature of Flower city square dropped
by 0.58 °C, and Haizhu Lake Park and Yuexiu Park decreased by 2.32 °C and 1.38 °C, respectively
(Table 10). Haizhu Lake Park has the greatest ability to reduce the environmental temperature. This
may be because Haizhu Lake Park is a newly developed wetland park with a water area of 0.53km2,
which can absorb more heat through the heat volume effect of water. It is also near to some other
ecological parks and away from polluted industrial areas and densely populated commercial areas
(Hong and Liang, 2012).
Table 10: The average daytime temperature reduction data of three parks
Flower city square

Haizhu lake park

Yuexiu park

August

0.53°C

0.32°C

0.89°C

September

0.45°C

5.37°C

0.75°C

October

0.77°C

1.28°C

1.51°C

Average

0.58°C

2.32°C

1.38°C

5.2.2.3 Natural flood risk mitigation
In the process of urbanization development, due to the expansion of urban scale, large-scale vegetation
covers were destroyed and were replaced by impervious grounds, which changed the natural circulation
process of rainwater resulting in serious flood disasters in cities. Traditional rainwater management
methods relying on urban drainage facilities are difficult to meet the ecological needs of sustainable
development. UGI can manage urban storm water runoff, achieve flood mitigation, and enhance water
resource utilization (Zölch et al., 2017). It maintains regional hydrological processes by controlling land
use patterns (through green roofs, permeable pavements, grass planting) and a series of specific
technical measures (such as ditches, vegetation filter belt, constructed wetland) (Raspati et al., 2017).
In this study, the interception ability of vegetation at each research site was calculated based on the
rainfall canopy interception principle and the leaf area index (LAI). When rainwater falls from the
atmosphere into the vegetation ecosystem, the canopy layer is the first layer of the vegetation ecosystem
and encounters atmospheric precipitation firstly. The canopy of vegetation can play a role in
intercepting rainwater and dividing rainwater precipitation (R) into three parts (Figure 11): Evaporation
form canopy (Ec), rainwater stem runoff (Rs), and Rainwater throughfall (Rt).
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Figure 8: The process of rainwater runoff (Source: Gash & Morton,1978)
There are several tree species that are very popular in Guangzhou Parks, including Ficus altissima
(Ficus lacor Buch. - Ham.), Ficus microcarpa (F. retusa Linn.), Kapok (Gossamp inus malabarica (DC.)
M err.), Michelia alba (Michelia alba DC.), Magnolia grandiflora (Magnolia grandiflora L). The
occurrence frequency of most of these common tree species in Guangzhou are above 0.2. (Jim and Liu,
2001). Different tree species have different maximum storage rainwater capacity of the plant canopy.
According to the occurrence frequency of common tree species and the potential maximum amount of
the water storage per unit leaf area (𝑆𝑐 ), the average maximum rainfall interception of urban green space
in Guangzhou parks (𝑆𝑙 ) is estimated to be 83~98 g/m² (table 11) (Herwitz, 1985; Jiaping and Tushou,
1998; Jim and Liu, 2001).
Table 11: Water storage capacity of Common Tree Species in all Guangzhou (based on Herwitz,
1985; Jiaping and Tushou, 1998; Jim and Liu, 2001)
Tree type

Occurrence frequency

percentage (%)

𝑆𝐿 (g/m²)

Ficus altissima

0.39

51.3%

100~120

Ficus microcarpa

0.3

-

-

Michelia alba

0.11

14.5%

30~40

Magnolia grandiflora

0.26

34.2%

80~90

Kapok

0.24

-

-

UGI𝑆𝐿

83~98

The LAI of vegetations in three parks were measured and obtained (see Chapter 2). The green area of
Flower city square covers 560,000 square meters, the green area of Yuexiu Park covers 690,000 square
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meters, and the green area of Haizhu Lake Park covers 420,000 square meters. According to formula 8
(see Chapter 2), the total rainwater interception in the plant canopy of UGI in each park can be
calculated. It can be seen that Yuexiu Park has the greatest capacity of rainwater interception. It means
that Yuexiu park could reduce the most amount of rainwater runoff comparing with the other two parks
(Table 12).
Table 12: Total rainwater interception in three parks
Parameters

Flower City Square

Haizhu Lake Park

Yuexiu Park

LAI

1.57

0.945

2.49

𝑆𝐿 (g/m²)

83~98

𝑆𝐶 (g/m²)

130~154

78~93

207~244

Green area (m²)

560,000

420,000

690,000

Rainwater interception
(kg)

72,985~86,285

32,945~38,951

142,616~168,615

5.2.3 Cultural Services
UGI can provide many different cultural services such as aesthetics, cultural identity, providing spiritual
experience, promoting cognitive development, supporting leisure and attracting tourism (Liu and Song,
2018). All these cultural services are critical to forming a more livable city but it is difficult to be
measured by monetary value.
Firstly, the aesthetic influence of UGI is the most obvious. Even if it is not possible to determine the
specific performance of aesthetic services, it is certainly desirable to appreciate UGI which can promote
health, happiness and productivity (Ulrich et al., 1991). In addition, urban vegetation is very important
for reducing stress and maintaining health, which in turn reduces hospital costs and makes people work
longer under healthy conditions.
Secondly, these three different types of green parks in Guangzhou sound like successful tourist
attractions (Jim and Chen, 2006). This was also confirmed by the survey results, showing that nearly
two-fifth of the respondents are tourists. Parks with good green infrastructure had become the choice of
destination for most tourists. Increasing greening areas in cities has a great impact on tourism and
entertainment activities, which can be translated into economic benefits and a better quality of life.
Thirdly, green can stimulate inspiration and increase people's desire to create art and literature, which
can provide people a sense of identity. Especially when people are staying in greening areas, social
activities or individual activities can shape the identities of people (Kweon et al., 1998; Taylor et al.,
1998).
In addition, UGI can serve as a good place for education and science (Oberndorfer et al., 2007). People
can learn about nature by planting plants and understand history and culture with the construction of
parks. From children to scientists, everyone can learn new knowledge from green spaces. When
investigators asked for suggestions on the improvement of UGI with open-ended questions during the
survey, quite some respondents expressed the wish of having parks with larger green area, and hoped
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that some explanatory spots or boards about plants or history and culture could be added in the parks.
This phenomenon indicates that with the change of modern lifestyle, people's demand for cultural and
educational services provided by UGI is also growing.
5.2.4 Habitat / Support Services
Nursery habitat
The massive expansion of Urban green infrastructure has become an important part of the urban
biodiversity strategy. UGI refers to an interconnected green space network consisting of various open
spaces and natural areas, including greenways, wetlands, gardens, forests, native vegetation, etc.
(Ignatieva and Granvik, 2013). These elements form an organically unified network system. The system
becomes a habitat for animals, which provides a starting point and an endpoint for wildlife migration
and ecological processes. When the UGI structure is complex enough with proper management, its
ecosystem stability is relatively high, and will attract more species to breed or rest (Lindenmayer and
Fischer, 2013). Urban green infrastructure provides habitat for common plants, birds, microbes, rare
insects and invertebrates (Oberndorfer et al., 2007).
In the Jim’s study on the species composition and diversity of plant communities in Guangzhou Park,
plant species are reported to be abundant in Guangzhou urban green space, with 275 vascular plants
mainly being angiosperms and 143 species of trees (Jim and Liu, 2001). Chinese Research Academy of
Environmental Science investigates the insect communities in different habitat types in Guangzhou. A
total of 10595 insect specimens were obtained, belonging to 22 orders and 216 families (Li, 2010). The
results of diversity analysis showed that the richness index, diversity index and complexity index of the
insect community were the highest in the urban green infrastructure area with complex structure. This
shows that UGI has contributed greatly to the sustainable development of ecosystems in Guangzhou.
Gene pool protection
The ecosystem established by UGI breeds many different species and maintains these species in a
certain ecological balance and evolution process. The ecosystem constructed by UGI follows the
ecological principles of bio-symbiosis, circulation, competition, etc. The characteristics of various
organisms are mastered and space resources are made full use, which allow various organisms to be
organically combined into a harmonious stable community (Lundholm et al., 2010). These genetic
resources can provide useful properties to the production system, such as avoiding pests or disease
resistance and increasing yield or stability. Maintaining plant diversity can better adapt to changing
environments and resist external attacks (such as extreme weather, disease). Therefore, genetic diversity
offers more options for society to meet future challenges (Johns and Eyzaguirre, 2006).
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6 Monetary valuation
6.1 Monetary value of provision services
As UGI in the Guangzhou Park does not grow food like crops in exchange for economic benefits, the
provision service provided is assessed by the economic value of the raw materials provided. According
to the literature (De Groot et al., 2010), each hectare of UGI can provide raw materials with an economic
value of 6 to 1,014 dollars per year, thus the total economic value of the provision services provided by
the three parks can be derived (US$1.00=RMB 6.79).

6.2 Monetary value of regulation services
6.2.1 Monetary value of air pollutants removal
The air quality regulation service has direct market value (Chapter 3), and the Avoided cost (AC)
monetary valuation method is often used to assess the monetary value of the service. Based on the
marginal emission reduction cost of SO2, NO2 and PM10, which is 0.6 RMB/kg, 0.6 RMB/kg and 0.185
RMB/kg respectively (Jim and Chen, 2008), the total annual value of air pollutants removal by UGI in
three Guangzhou parks was estimated (marginal emission reduction cost of each pollutants multiplied
by amounts of each air pollutant removal) to be 776,102 dollars in 2018. Yuexiu Park has the highest
total monetary value for removing air pollutants annually, followed by Flower city square. The total
monetary value of Haizhu Lake in removing air pollutants was estimated to be the lowest, with 195,000
$/year (Table 13)(US$1.00=RMB 6.79).
Table 13: Annual monetary value of air pollutants removal generated by trees ($) in three parks in
2018, Guangzhou
SO2

NO2

PM10

Total pollutants

Flower city square ($/y)

40,913

136,701

82,637

260,251

Haizhu lake park ($/y)

30,663

102,504

61,985

195,152

Yuexiu park ($/y)

50,457

168,424

101,818

320,699

Three parks ($/y)

122,000

408,000

246,000

776,000

6.2.2 Monetary value of daytime air temperature reduction
Replacement cost monetary valuation method is used to calculate the monetary value of the daytime
temperature reduction service of UGI. According to the residential electricity price of 0.5 RMB/kwh
(Jia and Qiu, 2017), the monetary value of reducing the daytime air temperature for one year in three
parks was calculated. The total monetary value of reducing daytime temperature ecosystem services
brought by UGI in three parks yearly is 735,000 $/y, while Haizhu Lake Park has the highest monetary
value in the ecosystem service (Table 14).
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Table 14: Monetary value of reducing the daytime temperature for one year in three parks in 2018,
Guangzhou
Flower city square

Haizhu lake park

Yuexiu park

Total

0.58

2.32

1.38

--

TQ (*107 J/d)

490

1,469

1,435

3,394

ES ( kwh/d)

3,947

11,840

11,570

27,357

Daily monetary value
( $/d)

291

872

852

2,015

Annual monetary value
( $/y)

106,000

318,000

311,000

735,000

Average temperature
reduced (°C)

6.2.3 Monetary value of rainwater runoff regulation
Urban building areas and streets are impervious surfaces, which could increase the risk of flooding.
Flood regulation methods include strategies to reduce high runoff during rainfall and increase retention
of rainwater, such as the construction of reservoirs to temporarily store the rainwater and urban green
infrastructure for rainwater penetration and evaporation (Konrad, 2003). Replacement cost (RC)
monetary valuation method could be used to assess the monetary value of the service, the rainwater
storage service of green space can be replaced by reservoirs. The economic benefit of rainwater storage
can be regarded as the replacement cost of reservoirs, and its value can be calculated by the volume and
unit cost of the reservoir (P1). In recent years, the cost of water storage units in China has risen to 7.73
RMB/m3 (Zhang et al., 2010). In addition, the quality of rainwater runoff after passing the UGI is better
than the runoff from the road (Teemusk and Mander, 2007). The rainwater runoff in UGI is often used
as reclaimed water for greenfield irrigation and car washing. Therefore, the cost of runoff purification
can be saved in areas with UGI. This value can be calculated from the quantity and price of reclaimed
water (P2). According to recent reports, the price of reclaimed water is 1 RMB / m3 in China (Liu and
Chu, 2007).
Through the 30 years’ daily precipitation data in Guangzhou Meteorological Station from 1973 to 2002,
the evolution of the annual precipitation days in Guangzhou was studied by Yu (2009) with statistical
methods. It is concluded that the average annual precipitation days in Guangzhou are around 149.2 (Yu,
2009). According to the leaf area index, the rainwater interception capacity of each park (see Chapter
5) and the average annual rainfall days in Guangzhou can be used to calculate the amount of rainwater
runoff reduction in each park in one year. Thus, according to Equation 8 (see Chapter 2), the monetary
value of the annual rainwater runoff management services in the three parks can be obtained. The total
value of rainwater runoff management services in the three parks reached 48,000-56,000 $/y, with most
of the contribution provided Yuexiu Park (Table 15).
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Table 15: Monetary value of the annual rainwater runoff management services in three parks
Flower city square

Haizhu lake park

Yuexiu park

Total

Sc(g/m²)

130-154

78-93

207-244

--

Runoff reduction
amount (m3/y)

10,889-12,874

4,915-5,811

21,278-25,157

37,083-43,843

Annual monetary
value ($/y)

14,000-17,000

6,000-7,000

27,000-32,000

48,000-56,000

6.3 Monetary value of cultural services
Using the contingent valuation (CV) monetary valuation method, the results of the questionnaire show
how much the respondents are willing to pay for the cultural services provided by UGI in three parks
each year. The cultural services in questionnaire include Aesthetics, Recreation, Inspiration for culture,
Art and design, Cultural heritage and identity, Education. In total, about 45.1% of respondents are
willing to pay for the cultural services provided by UGI. 31.2% of the respondents are willing to pay 150 RMB per year; 9.8% of respondents are willing to pay 50-200 RMB per year; 2.6% are willing to
pay 200-500 RMB per year; only 1.5% are willing to pay more than 500 RMB per year; and no one is
willing to pay more than 701 RMB per year. The survey results reveal that the cultural monetary value
provided by UGI in Guangzhou three parks is 14-20 dollars per person per year. According to statistics,
the population of Guangzhou has reached 14.49 million in 2018 (World Urbanization Prospects, 2018).
Multiplying the respondents' willingness to pay, the monetary value of the cultural services which is
49,000-88,000 thousand dollars per year of the three parks can be obtained (Table 16).
Table 16: Monetary value of the annual cultural services in three parks

Willing to pay

Flower city square

Haizhu lake park

Yuexiu park

All Locations

41.5%

50.8%

40.8%

44.4%

5-9

5-10

4-11

14-20

78,000-128,000

77,000-149,000

61,000-158,000

216,000-436,000

(%)
Monetary value
($/person/y)
Monetary value
(thousands $/y)

6.4 Monetary value of habitat/ support services
Providing living spaces and maintaining diversity for plants or animals is the foundation of all
ecosystem services (De Groot, 2002). UGI can also maintain the nutrient cycle of the living environment
of the earth. The nutrient cycle can change energy production and consumption among various species
in the ecosystem, and these nutrients will enter the soil from the external environment and stay in the
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ecosystem system finally (Pelorosso, 2015). In this study, Nursery habitat and Gene pool protection are
the major habitat/supporting services for the UGI in three parks. According to the literature (De Groot
et al., 2010), each hectare of UGI can provide nursery habitat and gene pool protection services with an
economic value of 142-195 dollars and 6-112 dollars per year, respectively. Therefore, the total
economic value of the habitat/supporting services provided by the three parks could be obtained by
investigating the area of each UGI.

6.5 Total Economic Value
The monetary evaluation of ecosystem services is used to express their importance and role related to
policy and management strategies (Scholte et al., 2015). This step aims to translate provisioning,
regulating, cultural, amenity, habitat and hedonic services of three types of UGI into monetary terms.
The total Economic Value (TEV) is a framework to translate ecosystem services into monetary values.
The TEV (Table 17) covers direct market values, indirect market values and non-market values.
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Table 17. Total Economic Value of urban green infrastructure in three parks
Ecosystem Service

Type of ES

Change

Total Economic Value
$/y

Benefits

Flower City
Square

Haizhu Lake
Park

Yuexiu Park

All Location

materials
provision

336-57,000

252-43,000

414-70,000

1,000-169,000

Provision

Raw
materials

Storage

Regulation

Air
pollutants
removal

Air quality
Improved

Less air
pollutants

260,000

195,000

321,000

776,000

Daytime
temperature
reduction

Lower
temperature

Saves energy
and lower cost

106,000

318,000

311,000

735,000

Rainwater
runoff
regulation

improved

Lower cost on
sewage
system, less
water
contaminants

14,000-17,000

6,000-7,000

27,000-32,000

48,000-56,000

Increased
property value
& WTP

78,000-128,000
(10^3)

77,000149,000(10^3)

61,000158,000 (10^3)

216,000435,000(10^3)

Cultural

Aesthetics,
Tourism,
Cultural
identity,
Education &
research

Improved,
More options

Habitat

Nursery
habitat

Improved

Habitat
creation

8,000-11,000

6,000-8,000

10,000-13,000

24,000-33,000

gene pool
protection

Increased

increase in
biodiversity

336-6,000

252-5,000

414-8,000

1,000-19,000

78,000,000129,000,000

77,000,000150,000,000

62,000,000159,000,000

218,000,000438,000,000

Total Annual value
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7 Discussion
The study aim was to investigate the ecosystem services and benefits of three public green spaces in
Guangzhou, China. Different types of ecosystem services are used different research methods to study.
The literature review was used in provision services and habitat/ supporting services. For the regulation
services, the parameters of the ecosystem were measured at the study areas, and the local meteorology
conditions were calculated and analyzed by using models. For cultural services, questionnaires are the
most important research method to investigate people's awareness and willingness to pay for ecosystem
services. This chapter will review these different methods, test the results of the study and compare
them with other studies used the same methods.

7.1 Discussion of methods
7.1.1 Measurement methods of ecosystem services
a) Air pollutants removal
Since the research model UFORE-D was chosen as the measurement method, only the sulfur dioxide,
nitrogen dioxide and PM10 were considered as the air pollutants in this study. Air pollutants should also
include a variety of volatile organic compounds, hydrocarbons, ozone and toxic substances (Kampa and
Castanas, 2008). There are different structures in UGI, which have varying degrees of ability to reduce
these pollutants. In this study, only the adsorption of air pollutants by trees was considered. Other types
of green spaces, such as grasslands and shrubs, are not considered in the study. In addition, the
sedimentation rate of pollutants used in this study all referenced from literature. The influence of the
canopy of main tree species on the sedimentation rate of pollutants in the three parks in Guangzhou has
not been considered. What's more, more detailed air quality data cannot be obtained. Although there are
some limited in the chosen measurement method, the air purification capacity of UGI in Guangzhou
Park still is in a reasonable range through the sensitivity analysis of results in Table 18.
b) Daytime temperature reduction
Temperature field measurements were scheduled in three parks from August to October 2018, with
different functional areas selected as study points for each park. Due to the limitation of security, only
the data of the Guangzhou Baiyun Airport Air Quality Monitoring Station could be compared with the
data of the three parks. However, the monitoring site is far from the urban area, away from the
residential area and the commercial area, and there may be a higher temperature in the urban area. And
the field measurement is only carried out in the summer, and it is used to calculate the ability of the
UGI to reduce the temperature during the year, which means that the benefits of the temperature
reduction should be lower than the study. Therefore, the limitation of this study in this ecosystem service
is the limited meteorological data from monitoring sites, and the field measurement period is relatively
short.
c) Rainwater runoff regulation
The rainwater interception capacity of urban green infrastructure in Guangzhou is calculated and
evaluated based on the leaf area index of the main trees and the water storage capacity of the leaves. In
this study, the interception capacity of UGI was calculated by the occurrence frequency of main trees
planted in the city, but the tree species in different urban parks accounted for different proportions.
Similarly, different areas of the same park have different leaf area indices. The random selection of tree
samples for field measurement in this study does not accurately reflect the actual situation of the entire
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park. In addition, since the measurement was conducted in the summer, the changes in the leaf area
index caused by the four seasons were not taken into consideration. And other vegetation in the green
infrastructure, such as shrubs and lawns, has not been considered for rainwater runoff regulation. The
limitation of the study on the rainwater runoff regulation service of the three parks in Guangzhou is that
this study needs to obtain more detailed information about the UGI vegetation in the park.
7.1.2 Monetary evaluation methods
In this study, the avoided cost (AC) monetary evaluation method was used to calculate the monetary
value of air pollutants removal. The replacement cost method (RC) was adopted to calculate the
monetary value of reducing daytime temperature and rainwater runoff regulation. The reduced
temperature by UGI is converted into heat absorbed by the plant transpiration, which converts the heat
energy to the electrical energy required by the electrical equipment. Air conditioners are regarded as
the electrical equipment to achieve this conversion. The cooling performance of household air
conditioners in Guangzhou was not accurately identified in this study and was replaced by the range
average. Moreover, the cost of installation and maintenance of electrical equipment has not been
calculated, so there is some deviation in reducing the monetary value of the daytime temperature
reduction service. For rainwater runoff regulation services, artificial reservoirs are used to represent the
rainwater storage services of trees. However, the water stored in the plant will evaporate in the natural
water circulation system, in addition to the soil water retention, the remaining rainwater will seep into
the groundwater. See Appendix 8, where part of the groundwater flows into surface water, one part is
stored and the other part flows into the ocean. Therefore, not all rainwater intercepted by plant leaves
can be stored. The calculations in this study did not take into account this loss, resulting in an
overestimation of rainwater runoff regulation services provided by the three parks in Guangzhou. In the
questionnaire, the investigators asked how much money people were willing to pay for the cultural
services provided by the UGI in park, and thus the monetary value of cultural services in each park
could be calculated. However, we should also consider the differences in perceptions and
comprehension of ecosystem services among people in densely populated urban areas, so that the
monetary value of some cultural services cannot be fully reflected.
7.1.3 Fieldwork
Since the questionnaires were conducted in three parks, the respondents of the questionnaire were all
UGI users and enjoyed the ecosystem services provided by UGI. In fact, only a large number of
questionnaires are distributed throughout Guangzhou, and the scope of the survey respondents is
extended to the entire city of Guangzhou, the validity and reliability of the research could be ensured.
The lack of time and human resources lead to the limited number of questionnaires, which reduces the
accuracy and reliability of the research results to some extent. And the government interviews are
difficult to make appointments. Only through the website information and related forums and news, we
could understand the government's management and planning of the UGI in Guangzhou. Due to the
existence of nature reserves in both Haizhu Lake park and Yuexiu Park, these places cannot be easily
observed. That is to say, not all problems or conditions in the existing UGI of the three parks can be
discovered.
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7.2 Discussion of results
7.2.1 Sensitivity analysis of results
Because there are uncertainties in the value of the different coefficients, a sensitivity analysis is
important for determining the percentage change in ESV that results from a given percentage change in
a value coefficient. VC is the value coefficient, and VCk is the value coefficient of the k-th ecosystem
service, which represents the unit price of each ecosystem service. Here, I used the standard economic
concept of elasticity to calculate a coefficient of sensitivity (CS) (Mansfield 1986):

𝐶𝑆 =

(𝐸𝑆𝑉𝑗 −𝐸𝑆𝑉𝑖 )/𝐸𝑆𝑉𝑖
(𝑉𝐶𝑗𝑘 −𝑉𝐶𝑖𝑘 )/𝑉𝐶𝑖𝑘

(Equation 9)

where i and j represent the initial and adjusted values, respectively, and k represents the specific
category of ecosystem service or function for three parks (k = 1 to 3 means air pollutants removal,
daytime temperature reduction and rainwater runoff reduction respectively). If CS > 1, then the
estimated ecosystem value is elastic with respect to changes in that coefficient, whereas if CS < 1, then
the value is inelastic. The greater the proportional change in the ecosystem service value relative to the
change in the value coefficient, the more critical it will be to use an accurate VC (Kreuter et al. 2001).
I summarized changes in the 3 largest components of total ESV and reported those with a >50% increase
or decrease in the VC (Table 18). The proportional change in each ecosystem and each park was
different according to the specific location and conditions in each park. As a result, the measurement
data about air pollutants and air temperature that we got form meteorological station were less than the
real data in three parks. Through literature review we could know that the proportional change in air
pollutants could have a range from 12%-25%, as the increase of distance of the park to city center, the
amount of air pollutants would decrease (Jim & Liu, 2001). The proportional change in air temperature
had a smaller range with 8%-10%, as the increase of distance of the park to city center, the air
temperature would be increased (Meng et al., 2011). For the rainwater runoff reduction, the most
uncertainty is the green area, because there is still a lot grey area in each park. The proportion change
in rainwater runoff could be decided by the proportion change in each green area, which is around 18%
in Flower-City square, 17% in Haizhu lake park and 46% in Yuexiu park respectively (Jim & Chen,
2008).
Table 18: Percentage changes in estimated total ecosystem service value (ESV) in response to changes
in the value coefficients (VC) for the 3 largest components.
Changes in VC

Flower-City square

Haizhu lake park

Yuexiu park

change in ESV %

CS

change in ESV%

CS

change in
ESV %

CS

Air pollutants removal
VC +/- 50%

±(12%- 25%)

0.24-0.5

±(12%- 25%)

0.24-0.5

±(12%- 25%)

0.24-0.5

Daytime temperature
reduction VC +/-50%

±(8%-10%)

0.16-0.2

±(8%-10%)

0.16-0.2

±(8%-10%)

0.16-0.2

Rainwater runoff
reduction VC +/- 50%

±18

0.36

17

0.34

46

0.92
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CS represents the coefficient of sensitivity, an indication of the elasticity of ESV with respect to VC.
Values < 1 represent inelastic behavior. The results showed that total ESV is relatively inelastic with
respect to changes in VC, with CS < 1 for all 3 parameters; therefore, the estimated ESV values seem
relatively robust because even large changes in VC produce relatively low changes in total ESV. The
sensitivity analysis indicated that the overall estimation of total ESV for the study area was robust
despite variability in the VC for the components of ESV.
7.2.2 Results comparison
As people pay more and more attention to the urban environment, many literatures have studied UGI
from different angles. In 2000, the total amount of air pollutants removed from urban forests in
Guangzhou was about 312 tons (Jim and Chen, 2008). In 2013, the total amount of atmospheric
particulate matter reduction in Shanghai urban forests was 442.4t, and the hourly concentration
reduction was 0.44ug/m3 (Zhang and Cao, 2015). In this study, the total removal amount of major
atmospheric pollutants in three urban parks in 2018 was about 15.19 tons. This difference can be
attributed to the extent of the study area and the method of study. In dry winters, higher concentrations
of contaminants result in more contaminant removal. A similar study was conducted in North America
such as Chicago, where an estimated 5,575 tons of atmospheric pollutants were removed in 1991.
(Nowak, 1994). This difference may be caused by differences in natural environmental conditions. The
increase in rainfall will reduce the number of pollutants reduced, while the average annual precipitation
in Guangzhou is larger than that in North America (Jim and Chen, 2008). Resuspension of particulate
matter was also not considered in the calculation process of this study. In addition, the analysis of air
pollutant removal does not include the cost of ozone emissions from vegetation to emit bio volatile
organic compounds (VOCs) (Benjamin and Winer, 1998).
In 2010, urban green space in Beijing reduced the amount of rainwater runoff from 1.32 million m3 to
1.98 million m3 (Zhang and Wang, 2015). In this study, the reduction of rainwater runoff by three parks
in Guangzhou in 2018 was 37,083-43,843 m3. In addition, there are the impacts of the study area range
on the results, the annual rainfall amount of city also played a decisive role. What's more, the green
space grows vigorously in summer, and the leaf area index of vegetation will be correspondingly higher,
so the winter UGI has a lower effect on the reduction of rainwater runoff. In 2015, Yafei Wang and
Frank Bakker measured microclimate data during the growing season at five locations in the local Dutch
city. The monthly mean temperature changes follow the same monthly mean leaf area index change
pattern, June is the peak month of temperature reduction (8.9°C) and leaf area index (4.2). Although the
difference in daily mean temperature reduction is small (maximum 0.3°C), the forest (most trees) has
the best cooling capacity among the UGI types studied (Wang et al., 2015). In this study, the mean
daytime temperature reduction of the UGI in the three parks in 2018 was approximately 1.42 °C. The
main reason for this difference is because the field monitoring of this study is carried out in summer,
the average summer temperature and leaf area index of Guangzhou is higher. Besides, due to the thermal
volume effect, UGI will warm up the surrounding environment at night, this study only considers the
cooling effect during the daytime.
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8 Conclusions and recommendations
This chapter gives brief answers to the research questions. Some recommendations were made for
managing the green infrastructure of Guangzhou by using ecosystem services information effectively.

8.1 Conclusions
1) Ecosystem services provided by UGI in Guangzhou parks (RQ 1)
This study found that UGI in Guangzhou Parks can provide a variety of ecosystem services such as
provision services, regulating services, cultural services and habitat/supporting services. Air
purification, daytime temperature reduction, rainwater runoff regulation and a series of cultural services
are the main services provided by UGI in Guangzhou Parks. This study used literature review, fieldwork
measurement, model application, and questionnaire surveys to assess the services provided by
ecosystems.
The UFORE-D model was applied to calculate the number of air pollutants that reduced by UGI. In
2018, 15,192 kg of air pollutants (sulphur dioxide, nitrogen dioxide, pm10) were reduced in total by UGI
of three parks in Guangzhou. Among these parks, Yuexiu Park had the maximum air pollutants
reduction amount which is 6,291 kg, and Haizhu Lake Park had the minimum air pollutants reduction
amount which is 3,790 kg. The average reduction of daytime air temperature is obtained by comparing
the field measurement data in the park with the data of meteorological station in Baiyun airport from
August to October. The average daily temperature of the three parks was reduced by 1.42 °C, and the
cooling effect of Haizhu Lake Park was preferable with 2.32 °C. The UGI in Flower city square only
reduced by 0.58 °C to the surrounding environment. By investigating the leaf area index and vegetation
types of each green space, the rainwater interception capacity of UGI and the reduction amount of
rainwater runoff could be got. In 2018, the total reduction amount of rainwater runoff in the three parks
was 37,083-43,843 m3.
The UGI of Yuexiu Park had the strongest interception capacity for rainwater, and the runoff of 21,27825,157 m3 was reduced every year, which is about twice amount of the rainwater runoff reduction in
Flower city square and four times amount of it in Haizhu lake park. UGI in Guangzhou parks also offers
many cultural services, including aesthetics, entertainment, cultural or artistic create inspiration,
education and research opportunities. More than 95% and 85% of the respondents in the three parks
believed that UGI provides aesthetic enjoyment and entertainment opportunities for citizens. Yuexiu
park was considered to provide more cultural value, Flower city square was considered to provide more
educational opportunities, and Haizhu lake park was considered as the most suitable place for people to
do exercises.
2) Main stakeholders and the relationships among UGI (RQ 2)
Based on field observations and interviews, eight major stakeholder types were identified. They are the
State Council, the Local government and municipality, the Chinese Academy of Environmental
Sciences, landscape engineering management industry, Environmental Non-Governmental
organization, visitors of green space (UGI users), citizens and experts. There are two factors in
classifying stakeholders: the influence of UGI on stakeholders and the benefits they can get. Citizens,
local government and landscape engineering management industry are considered to be the key
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stakeholders in this study. They can get a lot of benefits from UGI. For example, the improvement of
air quality by green space, the reduction of rainwater runoff and daytime temperature can improve the
living environment of the citizens. The landscape engineering management industry can directly obtain
economic benefits by building and repairing UGI. The local government can improve the city's planning
by increasing the coverage of green space. At the same time, citizens' activities can dominate the state
of urban environmental pollution. The local government and environmental engineering management
industry also directly determines the structure and quality of UGI. All national-level stakeholders are
part of the motor group, which means that their decisions or plans will change the services provided by
UGI. In addition, CRAES and experts can also provide technology support in the decision-making and
project planning process to improve services such as air purification, rainwater drainage, sewage
treatment, and temperature reduction. On the other hand, UGI users who are direct beneficiaries of
ecosystem services. Because they are also benefiting from environmental pollution reduced by green
area. In addition, ENGO can expand its publicity and increase the public's attention to environmental
protection by carrying out a series of activities in UGI.
3) Monetary value of each ecosystem service (RQ 3)
The ecosystem not only provides a large amount of organic raw materials and energy but also provides
living habitats and gene bank protection, which provide the necessary conditions for the evolution and
production of biological diversity. Through literature reviews, this study calculates the monetary value
of provision services and habitat/ supporting services based on the UGI area of each park. The three
parks can provide raw materials which worth 1,000 to 169,000 $/y, and the monetary values of the
habitat/supporting services and gene bank protection services provided are 24,000- 33,000 $/y and
1,000-18,000 $/y respectively (1.00 dollar = 6.79 RMB). The UGI removes pollutants from the
atmosphere through dry deposition. The NO2, SO2 and particulate contaminants are primarily absorbed
through the surface of plants. Using the UFORE model (UFORE-D), it is estimated that the total amount
of air pollutants removed by the UGI in the three parks in Guangzhou in 2018 is 15,192 kg,
equivalenting to 776,000 dollars. Plants absorb the heat of the surrounding environment through
transpiration. The reduced air temperature was converted into the heat absorbed by the plant, and then
the absorbed heat was converted into the amount of electricity consumed by the air conditioner and was
calculated to the monetary value of the electrical energy. It is estimated that the average daily
temperature reduction of Flower city square in 2018 is 0.58 degrees, the average daily temperature
reduction of Haizhu lake park is 2.32 degrees, and the average daily temperature reduction of Yuexiu
park is 1.38 degrees. These bring the economic benefit of 735,000 $/y in total. Plant leaves have storage
capacity on rainwater, thus reducing rainwater runoff. At the same time, plants absorb organic matter
through sedimentation process, and most of the rainwater pollutants can be purified in UGI. Through
the leaf area index, the three parks can reduce and purify the rainwater runoff of 37,000-43,000 m3/y,
and the monetary value is estimated to be 47,000-56,000 $/y. UGI also provides many cultural services
including aesthetic, Artistic and creative inspiration, cultural identity and educational opportunities.
According to the survey results of people's willingness to pay for cultural services, the UGI users were
willing to pay an average of 14-20 $/person/y for the cultural services provided by the three UGIs, and
the monetary value is estimated to be M$216- 435.
Through comparison of the three parks, Yuexiu park provided the highest monetary value range of
ecosystem regulating services, which is almost twice than the monetary value of ecosystem regulating
services provided by Flower city square. For the main regulation services, the monetary value of the air
pollutant removal service provided by Haizhu lake park is 195,000 $/y higher than the value of the other
two parks. The highest monetary value of the rainwater runoff reduction service among three parks was
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provided by Yuexiu Park with 27,000-32,000 $/y. As for the daytime temperature reduction service
provided by UGI, the lowest monetary value was Flower city square with 106,000 $/y, which was only
1/3 of the value of the service provided by the other two parks. Besides, Haizhu lake park and Yuexiu
park had Similar cultural service values range. Overall, the total monetary value of ecosystem services
provided by the three UGI ranged from M$217- 438 of which Yuexiu park maybe have the highest
ecosystem service monetary value.
4) People’s awareness and willingness to pay (RQ 4)
People's awareness and attitude towards ecosystem services have great influence on the sustainable
development of UGI. According to the survey results, 79.2% of the UGI users are satisfied and very
satisfied with the UGI status quo in the three parks in Guangzhou. Among them, Flower city square had
the highest satisfaction, and 84.6% of the UGI users in Flower city square expressed satisfaction and
above (Appendix 5). And as the longer length of living time in Guangzhou of UGI users, their
satisfaction with UGI is higher. As for the ecosystem services brought by UGI, in terms of cultural
services, respondents highly agreed with UGI meet their aesthetic and entertainment needs, with 95%
and 85% approval rates respectively. 83% of respondents believed that UGI also provides opportunities
for outdoor education. For regulation services, 91.3% and 87.1% of respondents believed that UGI
improved air quality and mitigates urban heat island effects effectively. The ability of UGI to reduce
rainwater runoff was not recognized by some of the respondents, and 72.8% of respondents said they
experienced the service. Due to the lack of relevant knowledge, more than one-quarter of respondents
indicated that it is unclear whether UGI protecting the diversity of genes and bringing benefits to the
economic development in Guangzhou.
The identity of the respondents (p=.02), the education level (p=.0164), the frequency (p=.0005) and
commuting time (p=.0444) of went to the park all had significant impacts on the willingness to pay for
cultural services. Guangzhou residents were more willing to pay than tourists, and as people went to the
park more frequently, people would like to pay more. Although the most respondents expressed
satisfaction with the UGI in Flower city square, only in Haizhu lake park had more than half of the
respondents who expressed their willingness to pay for the cultural services provided by UGI (50.8%).
Respondents' willingness to pay for Yuexiu park cultural services was wider, ranging from 4 to 11
dollars/person/y, which means that Yuexiu park may have the highest or lowest monetary value of
cultural services compared to the other two parks. In general, the willingness of respondents to pay for
cultural services in three parks was 14-20 dollars/person/y.
These results show that the vast majority of respondents have a basic understanding and understanding
of UGI. The ecosystem services that can be directly felt by people are basically cultural services and
regulation services. Due to the lack of relevant knowledge background, and the respondents did not
directly participate in the process of getting benefits on providing services and habitat services, their
perceptions of these two services were weak. At the same time, people were demanding cultural services
provided by UGI increasingly, and many respondents had proposed to acquire more educational
opportunities from UGI.
5) Synthesize conclusions
Over all, the total monetary value of ecosystem services provided by the three UGI ranged between
M$218 to M$438. 79% of the UGI users were satisfied and very satisfied with the UGI status quo in
the three parks. Besides, the identity of the respondents, the education level, the frequency and
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commuting time of went to parks all had significant impacts on the willingness to pay for cultural
service. The gender and living time length in Guangzhou of the respondents had significant impacts on
the satisfaction of UGI. As for the participation of stakeholders, local government and landscape
engineering management industry had the highest influence and interest in UGI development. Local
government formulate regulations that suit their own situation, including UGI construction plans, it can
create political achievements to consolidate government status. A series of construction services such
as plant replacement, pest control, and garbage disposal involved in the maintenance process are
provided by environmental engineering management industry. As for each park, Flower-City square
had the highest satisfaction level of UGI with 85% of respondents expressed satisfied and very satisfied.
Haizhu lake park had the largest proportion of respondents were willing to pay for cultural services and
provided more services in daytime temperature reduction. Yuexiu park had the highest monetary value
of ecosystem regulating services and rainwater runoff regulation.

8.2 Recommendations
(1) Improvement of UGI planning and management
Although the monetary values of the ecosystem services provided by UGIs in three parks in Guangzhou
were estimated with high values in 2018. Through the data from the field measurements and
questionnaire surveys, It can be seen that there are still some problems needed to be resolved in the
status quo of UGI. First of all, Guangzhou is a city that has been threatened by flood disasters for a long
time, many evergreen tree types with large leaf area index and strong water storage capacity should be
chosen to plant, so as to reduce the effect of more rainwater runoff. At the same time, the number of
gullies should be increased in the UGI to achieve accelerated reduction of surface runoff and efficient
storage of rainwater. Secondly, the green space structure should be diversified. The proportion of trees,
shrubs and lawns should be rationalized, thus effectively increasing the sedimentation rate and
absorption rate of air pollutants. In addition, water areas should be increased appropriately in Flower
city square and Yuexiu Park to achieve a better cooling effect.
Bruce (2003) believed that public participation has many benefits in policy development. Firstly, local
residents can provide information on many practical situations and express their wishes to the
government. On the other hand, with the consent and commitment of the public, the implementation of
the policy has been improved, and many contradictions between the government and local citizens have
been resolved. Therefore, when formulating relevant policies, the requests of UGI users should be paid
attention to. In this study, UGI users made some expectations based on their own feelings. Most of the
respondents who suggested that the variety and area of the plant should be increased to enhance the
sensory experience. And hope that there are more knowledge type signs near trees or historical
buildings, which can explain the types of trees and the history and culture of the park.
(2) Suggestions for people's awareness
People's knowledge of the benefits of UGI is not comprehensive enough. The government and ENGO
can help citizens learn more about ecosystem services by conducting public welfare lectures. At the
same time, various festivals, such as the Arbor Day, Labor Day could be carried out a wealth of
activities, so that the public can really participate in the construction of UGI. What's more, a series of
media communication channels such as news and advertising needed to be used to increase the exposure
of UGI.
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(3) Suggestions for further researches
This study has certain limitations and needs further researches. In this study, there are more data
references from other literature, such as the sedimentation rate of different air pollutants, the occurrence
frequency of major tree types in Guangzhou, and the parameters of the canopy storage capacity,
resulting in the estimation deviations of this study. Therefore, more field measurements are needed in
future researches to determine the accuracy and rationality of the results. And the scope of respondents
to the questionnaire should be expanded to the entire city, not just to the users of the UGI. In addition,
since the study area is three different types of parks in Guangzhou, this study is considered to be a small
scale estimation. Therefore, in further researches, macro-scale estimation is necessary, and the scope of
researches can be extended to all urban parks in Guangzhou.
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Appendix 1: Questionnaire survey
Questionnaire
Hello! We are students from Wageningen in the Netherlands. We are investigating people's perceptions
of urban park greening to collect data on analyzing green infrastructure cultural services. You can help
Guangzhou's green infrastructure become more reasonable and help improve the living environment of
Guangzhou. Your answers will be kept confidential and will be used only for this study. It takes about
3 minutes to complete the survey. Thank you very much.
First part : basic information
1. You are: ☐resident residents
2. Gender: ☐ male

☐ tourists

☐ female

3. Age ： ☐0-20

☐ 21-45

☐ 46-65

☐ 65+

4.When did you start living in Guangzhou?：

Former residence：

5. Education level： ☐ No formal education
☐ High school

☐Elementary school

☐Professional school

☐University bachelor

☐ University master ☐ PhD
6. Income level monthly： ☐ <2000 yuan
☐6000－8000yuan

☐2000－4000yuan

☐4000－6000yuan

☐8000－10000yuan

☐>10000yuan

Second part : subjective evaluation
7. How often do you go to this park?：
☐.Every day.

☐.Every week.

☐.Every month

☐. Three months ☐. Half year.
☐.More than one year
8. How long do you spend in the park each time?
☐<30 min ☐30-60 min ☐ 60-120 min ☐>120 min
9.How long do you spend on your way to the park?
☐< 10 min

☐10-30 min

☐30-60 min

☐60-120 min

☐> 120 min

10.Do you have the following expenses when you visit the park？
☐Accommodation
☐Recreation

☐Transport
☐Shopping

☐Food(water)
☐Others

.

.

11.What is your purpose of visiting the park?
☐Pass by ☐Enjoy environment
☐Art/culture Work

☐Shopping ☐Physical exercise

☐For fun and relax

☐Science activities

☐Group work
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☐Party

☐Business meeting ☐ Others

12. Are you satisfied with the greening of the park?
☐Very satisfied ☐satisfied ☐Normal ☐Dissatisfied

☐Very Dissatisfied

13．Do you think there are any shortcomings in the park?
－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－

14. Do you think the park green space construction has the following effect？
0=Disagree, 1=Partially Agree, 2=Agree, 3=Very agree,‘?’=Maybe, ‘X’= I do not know.

The natural scenery and the green space structure
accord with personal aesthetic standards

0

1

2

3

?

X

It is a good place for entertainment

0

1

2

3

?

X

With a humanistic value landscape, the park can add
inspiration to your artistic design

0

1

2

3

?

X

Landscape with historical value undertake certain
historical and cultural heritage

0

1

2

3

?

X

It can provide educational opportunities (such as an
outdoor classroom, scientific research)

0

1

2

3

?

X

It can Increase greening area and ease urban heat
island effect

0

1

2

3

?

X

Improve air quality

0

1

2

3

?

X

Reducing the pressure of urban drainage system

0

1

2

3

?

X

Generate economic benefits

0

1

2

3

?

X

Genepool protection

0

1

2

3

?

X

Third part : willingness to pay
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13. Are you willing to pay a certain fee for enjoying the cultural ecosystem services provided by the
park？
☐Yes ☐No
14.If you are willing to pay, how much would you like to pay per year？（RMB）

☐¥ 1-5

☐¥ 5-10

☐¥ 10-50

☐¥ 50-100

☐¥ 100-200

☐¥ 200-300

☐¥ 300-500

☐¥ 500-700

☐¥ others ( )

15.If you are unwilling to pay, what are the main reasons? (multiple choice)
☐I think the government should pay the bill.
☐I worry that money cannot be applied to park construction and environmental

protection.

☐I has limited income and no money to pay.
☐I would like to take part in indoor recreational activities ( cards / KTV, etc).
☐I am far away from the park and do not benefit from it.
☐I don't care about it.
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Appendix 2: List of interview surveys
Interview an expert from Urban Greening Maintenance Management Company
Name
Interviewer

Name
Interviewee

Position
Interviewee

Location

Date

A. Introduction:
Hello, My name is Siyu and I am a master student of environmental science Institute at the Wageningen
University and Research in the Netherlands. Currently, I am doing data collection related to my thesis,
and I will ask several questions related to my topic. The aim of my thesis project is through the
comparative analysis of the ecosystem services between different UGIs, the reasonable planning of
urban green space can be recommended for Guangzhou. Because I don't want to miss any details, can I
record this interview with a recording?

B. Questions
1. Which green infrastructure construction projects have your company been involved in?
2. What are your company's major customer groups and potential customer groups?
3. What types of green infrastructure are mainly built or maintained in the projects your company is
involved in?
4. How often does your company receive a project on green infrastructure? How much does it cost to
maintain a green facility at a time?
5. What do you think is the most difficult part of Guangzhou's green infrastructure maintenance?
Which part of the manpower, material resources and financial resources are the most expensive?
6. Which type of green infrastructure customer group has the most choices? What type of green
infrastructure does your company mainly develop in the future?

C. Closing interview questions
1. Would you like us to send you a transcript of this interview? YES/NO
2. Would you prefer to remain anonymous? If not, can I share your name or position in my report,
which is shared publicly?
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Interview an expert from ENGO
Name
Interviewer

Name
Interviewee

Position
Interviewee

Location

Date

A. Introduction:
Hello, My name is Siyu and I am a master student of environmental science Institute at the Wageningen
University and Research in the Netherlands. Currently, I am doing data collection related to my thesis,
and I will ask several questions related to my topic. The aim of my thesis project is through the
comparative analysis of the ecosystem services between different UGIs, the reasonable planning of
urban green space can be recommended for Guangzhou. Because I don't want to miss any details, can I
record this interview with a recording?

B. Questions
1. Does your organization participate in the construction of urban green infrastructure? What is the
source of funding in the process?
2. Has your organization initiated activities on green infrastructure? If so, what are the conditions?
3. For those projects, what is the memory experience in the implementation process? What process do
you think is the most difficult?
4. As far as the current situation in Guangzhou is concerned, what do you think hinders the
development of green infrastructure? Is there any way to improve this situation?
5. Do you think Guangzhou residents are involved in the construction of urban green infrastructure?
6. What do you think is the role of environmental education in the urban environmental ecosystem?
What areas need to be improved?
7. What is the degree of cooperation of urban residents in previous environmental education
activities? Is it loved by the public and how is the feedback?
8. How do you think it is necessary to raise public awareness and participation in environmental
education?

C. Closing interview questions
1. Would you like us to send you a transcript of this interview? YES/NO
2. Would you prefer to remain anonymous? If not, can I share your name or position in my report,
which is shared publicly?
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Interview an expert from School of Geography and Planning from Sun Yat-sen
University
Name
Interviewer

Name
Interviewee

Position
Interviewee

Location

Date

A. Introduction:
Hello, My name is Siyu and I am a master student of environmental science Institute at the Wageningen
University and Research in the Netherlands. Currently, I am doing data collection related to my thesis,
and I will ask several questions related to my topic. The aim of my thesis project is through the
comparative analysis of the ecosystem services between different UGIs, the reasonable planning of
urban green space can be recommended for Guangzhou. Because I don't want to miss any details, can I
record this interview with a recording?

B. Questions
1. What kind of activities or topics exist in your department are related to the environmental
ecosystem services in Guangzhou?
2. Can you explain the contribution of Sun Yat-Sen University, School of Geographical Science and
Planning in Guangzhou urban planning and environmental quality?
3. Is there any research on urban green infrastructure construction in Guangzhou? Can you share the
research results with us?
4. In Guangzhou, what are the main contributions of green infrastructure to the urban ecological
environment?
5. What are your professional insights into the different types of urban green infrastructure? (Is the
facility planning reasonable, and what are the advantages and disadvantages of different urban green
spaces?)
6. As far as your professional scope is concerned, do you know which diseases in Guangzhou are
caused by environmental problems?
7. Do you think that if the more urban green infrastructure is built in Guangzhou, will public health be
improved?
8. How do you view the relationship between urban ecology planning and public health?
9. What are the current courses at Sun Yat-Sen University about environmental ecosystems and urban
green infrastructure? Is there an internship and field practice about urban green space? How do
students rate such courses? Are there any plans to increase or decrease such courses in recent years?
10. What do you think is the current shortage of UGI in Guangzhou? How should it be improved to
maintain a good urban environmental ecosystem?

C. Closing interview questions
1. Would you like us to send you a transcript of this interview? YES/NO
2. Would you prefer to remain anonymous? If not, can I share your name or position in my report,
which is shared publicly?
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Appendix 3: Measurement activities for each
ecosystem service
Services

Function

Indicator

Methods

Instruments

literature review

database that is provided
by government report and
literature review.

Provision Services
Raw materials

Storage materials

Regulation Services
Air pollutants
removal: e.g.
capturing dust
particles

Capacity of
ecosystems to extract
aerosols and
chemicals from the
atmosphere

pm2.5

Climate regulation

Influence of
ecosystems on local
and global climate
through land-cover
and biologicallymediated processes

Temperature，
humidity，wind

Temperature
regulation

Management of local
temperature and
minimizing the Urban
Heat Island

Natural flood risk
mitigation

Protection against
flood damage

Monitoring method
The green
infrastructure inside
and outside should be
stetted some control
points to monitor the
concentration of air
particulate matter.

PM2.5 air quality
detector
High precision hand-hold
air meter (CW-HAT200)

ENVI-met model /
Field measurements:
temperature,
humidity, wind speed
and direction.

Portable temperature
detector (sensor type
TP49 AC.0, precision +0.25C)

Temperature

Field measurements:
temperature.

Portable temperature
detector

Rainwater runoff
regulation

Runoff coefficient
method
Requirements: r:
annual precipitation
in different regions
(mm) a: Green spot
area(m3)

GARMIN/ Jiaming eTrex
301 GPS (the instrument
for measuring green area)

Structural diversity

Aesthetic quality of
the landscape, based
on, for example,
structural diversity,
tranquility

Questionnaire survey and
field survey

Activities

The number and
diversity of tourist

Questionnaire survey and
field survey

speed，wind
direction

Cultural Services
Aesthetics

Recreational

Appreciation of
natural scenery
(through deliberate
recreational
activities)

opportunities for
tourism and
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recreational activities

Inspiration for
culture, art and design

entertainment
activities Landscape
features attract
wildlife

Humanistic value

Landscape features or
species with
inspirational value to
human arts

Questionnaire survey and
field survey

Cultural heritage and
identity

Sense of place and
belonging

The important
cultural feature or
species

Questionnaire survey and
field survey

Education

Education and
science opportunities
for formal and
informal education
and training

Quantity and diversity
of landscape with
special educational
value and scientific
value.

Questionnaire survey and
field survey

Habitat or supporting Services
Nursery habitat

Importance of
ecosystems to provide
breeding, feeding or
resting habitat for
transient species

Genepool protection

Maintenance of a
given ecological
balance and
evolutionary
processes

Species

literature review

database that is provided
by government report and
literature review.

literature review

database that is provided
by government report and
literature review.
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Appendix 4: Data management Plan
Data categories

Corresponding
phrase

Software choices

File extension

Back-up Plan

Pre-field research

Research Proposal

Preparation phase

Word

.doc

Weekly

Literature Review
Summaries

Transversal

Word

.doc

Weekly

Interview questions

Preparation phase

Word

.doc

Weekly

questionnaire survey

Preparation phase

Word

.doc

Every two weeks

Thesis agreement

Preparation phase

PDF

.pdf

Once

Field Research and Analysis Stage

Interview
Manuscripts

Data collection phase

Word

.doc

Monthly

Questionnaire

Data collection phase

Word, SPSS

.doc

Monthly

Monitored
meteorological data

Data collection phase

Excel, SPSS

.xls

Monthly

Photo Documentation

Data collection phase

Photo Viewer

.doc &.spv

Weekly

Sound Recording

Data collection phase

Phone voice recorder

.mp3

Weekly

Post-Field Research

Research Report

Report writing phase

Word

.doc

Daily

Research Fee

Transversal

Excel

.xls

Weekly
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Appendix 5: Daytime temperature measurements
data of the three parks in August

Appendix 6: Daytime temperature measurements
data of the three parks in September
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Appendix 7: Daytime temperature measurements
data of the three parks in October

Appendix 8: Natural water circulation system
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