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Abstract 

Whilst there are a number of studies that research peopleôs use and preferences of UGS, they disregard 

the mismatch between spatial provision and actual usage, ignoring the fact that different population 

groups exhibit difference preferences. This research promotes effectiveness of planning and design for 

UGS. A mixed-quantitative-method approach is undertaken using a case study (Guangzhou, China) 

adopting a questionnaire survey and Geographical Information Science.  

First, a mixed-methods spatial analysis investigates disparities of park accessibility when measured 

using different approaches: spatial modelling versus public perception. Findings confirm that over half 

of the streets in Guangzhou overestimate their modelled spatial accessibility to parks compared to 

public perceived accessibility, demonstrating regional and demographic inequities. 

Second, a questionnaire about UGS use, preferences and perception (including visit duration, 

frequency of visit, travel time etc.) explores variations of differing population and user groups 

(including factors of age, gender, education, frequency of UGS visits). Visit duration in parks had a 

positive association with walking time and a negative association with visiting frequency. Additionally, 

the proportion of people visiting parks to relieve stress declined with increasing age.  

Third, discrepancies of UGS use and preferences in diverse sociocultural contexts compare the 

Guangzhou findings with secondary questionnaire data from the UK. Results show several key 

differences and similarities. For example, in the UK older people were more likely to spend less time 

in parks, while in Guangzhou duration increased up to the age of 50 years old before declining. 

Finally, the thesis provides solutions to improving UGS accessibility modelling, through a series of 

spatial comparative analyses and developing a weighted variable incorporating populationsô 

preferences of UGS use into the modelling. Application of such differences offers a novel approach to 

professionals and scholars in the future, enhancing the match of accessibility and UGS planning with 

realistic use and perceptions. 
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Chapter 1 Introduction 

1.1 Research Context and Rational 

Study objects: Urban Green Spaces; Parks 

Urbanisation has been increasing over the years, with the United Nations announcing that 55% of the 

worldôs population will be living in urban areas by 2015, and this proportion is expected to increase to 

68% in 2050. This has a significant bearing on the natural environmental resources of the world (Tian 

et al., 2014; Hartig & Kahn, 2016). Urban green space (UGS), a resource possessing attributes of 

nature and culture, serves people in aspects of ecology (air purification, noise absorption, etc.) and 

society (citiesô liveability enhancement, residential wellbeing improvement, etc.) (Chiesura, 2004; 

Ghimire et al., 2017). However, the desirable demands of residents are challenging to meet and even 

sacrificed due to its low priority and limited budget in urban construction, especially for the core urban 

areas (Swanwick, Dunnett & Woolley, 2003). 

Parks in urban areas are a significant element of wider UGS and take a vital role in offering ecosystem 

service in cities (Dallimer et al., 2014), as well as providing inherent benefits similar to those of UGS 

for the physical and psychological well-being of humans (Xie et al., 2018; Zhu et al., 2021; Plunz et 

al., 2019) offering cultural ecosystem services (Breuste & Artmann, 2020). Therefore, sensible park 

planning is instrumental in improving human well-being and health and, hence vital for policymakers 

and urban planners (Gai et al., 2022; Bertram & Rehdanz, 2015; Kabisch et al., 2014).  

Study Area: Guangzhou, China 

Guangzhou is one of Chinaôs seven mega-cities, the highest category level in Chinaôs city hierarchy, 

along with Shanghai, Beijing, Shenzhen, Chongqing, Chengdu and Tianjin. Additionally, as the United 

Nations Development Programme (2016) reported, Guangzhou has Chinaô. In terms of the UGS 

condition in Guangzhou, it is the city with the highest per capita public green area (sq.m) of 17.3 when 

compared to the four most well-known and largest megacities in China (Beijing, Guangzhou, Shanghai 

and Shenzhen) (National Bureau of Statistics of the Peopleôs Republic of China, 2020). Therefore, it 

can be regarded as representative of the Chinese city for researching UGS use and preferences in 

compact populated urban areas. 

Research Field A: Perceived Accessibility 

Apart from spatial access to parks, socio-economic characteristics of different population groups of 

visitors such as age, income level, and gender have been shown to affect peoplesô non-physical access 
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to parks (Tong & Ding, 2011; Qiu & Nielsen, 2015), commonly acknowledged as perceived 

accessibility, which therefore is a result jointly shaped by environment, transport, individual 

experiences, and personal preferences (Pot, van Wee & Tillema, 2021; Lªttman, Olsson &Friman, 

2018). 

Research Field B: Use and Preferences 

As the fulfilment of UGSôs functional attributes depends to a large extent on how efficiently it is used 

by people (Dunton et al., 2014), it is essential to investigate UGS's use condition and learn from usersô 

preferences for further improvement. Many studies have investigated the relationship between the 

frequency of use or motivation to visit and the characteristics of parks, as well as the differences in 

preferences for parks among different groups of people. Several existing studies have confirmed the 

variability in the use characteristics, including frequency of usage, time of usage, and so on (Gordon-

Larsen et al., 2006; Wen et al., 2013), and visitation needs, for example motivations for visiting, the 

importance attached to specific features of the park (Dobbinson et al., 2020; Shan, 2014) of UGSs, by 

population groups (e.g., sex, age, education, race, socioeconomic status, etc.). 

Research Field C: Spatial Accessibility 

The measurement of park accessibility of residents has become a key issue in improving public health 

and physical activities. Park accessibility can be seen as a quantitative indicator of how much people 

are willing to spend in terms of time, effort and money to visit a park (Wang, Brown, & Liu, 2015). 

Planners and local government also realise the importance of UGS provision. European Environment 

Agency states that residents should be within a 15-minute walking distance from the nearest UGS. 

Natural England (NE) updated the governmentôs Environment Improvement Plan in 2023, promising 

that the ñpublic should be able to access green space or water, such as woodlands, wetlands, parks and 

rivers, within a 15-minute walk from homeò.  

Although a number of studies have explored the factors that influence park visiting, many of these 

studies involved a survey analysis by selecting a few representative parks. Therefore, they hardly 

reflect the complete picture of the public use of parks within a city context. Because the ultimate goal 

of these studies is to maximise the benefits of green spaces for peopleôs demands through informed 

planning, design and management (Liu, Wang et al., 2019), it is consequently critical to know the 

overall condition of UGS use and preferences in a compact urban area. 
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1.2 Research Gaps and Questions 

As introduced above and shown in Figure 1-1, this study consisted of three primary research fields 

researching on UGSs, namely perceived accessibility, use and preferences, and spatial accessibility. In 

each research field, there are certain research gaps, and the gaps that this thesis addresses are listed in 

Figure 1-1 (including 6 gaps, numbered 1-6), with their direct correspondences to research fields 

indicated by connecting lines. To clearly demonstrate the most direct associations among them, 

secondary relationships (such as Gap 1, which required being addressed through joint research in 

Research Field C and Research Field A) were not explicitly marked in the figure. 

 

Figure 1-1 Linkages between three primary research fields and research gaps 

Research Gap 1: Lack of public perceptions of access in UGS models 

The content of data used for modelling accessibility of urban green spaces focuses on spatial relations, 

and therefore potentially overlooks the public perception of accessing green spaces. Few studies 

investigate the disparity between modelled UGS accessibility and (actual) public-perceived UGS 

accessibility. And there are still deficiencies in seeking factors that impact the perceived accessibility 

of UGS (for example influence of different land uses; socio-economic characteristics of different 

population groups). 

Research Questions 

(1) How are spatial walking accessibility and perceived walking accessibility of parks in the central 

city area of Guangzhou in terms of regional distribution and population equity? 
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(2) To what extent is a disparity between modelled accessibility and public-perceived accessibility of 

parks? Are there spatial patterns to the differences, either across townships or within different 

population groups?  

(3) What missing factors could be leading to the disparities in the public-perceived accessibility from 

spatial accessibility? 

Research Gap 2: Lack of strategic planning scale approaches for use 

While there is a growing body of research examining the diverse factors influencing the use of UGS 

and visiting preferences, they are primarily based on analysing a small number of selected parks rather 

than a comprehensive analysis across UGSs of a city. Knowledge of the variations in UGS use and 

visiting preferences of different visitor groups remains understudied. 

Research Question: 

(4) What is the status, preferences and perception of visits to UGSs in Guangzhou? Do the UGS use, 

preferences or perception vary across population groups?  

Research Gap 3: Need to focus on variability within walking to visit parks 

Existing research primarily identified the effect of transport modes on park visitation, identifying 

walking as the most crucial mode influencing usersô visiting behaviour. Therefore, a separate 

exploration on how preferences of and park usage by pedestrians vary across different population 

groups which need to be undertaken to inform planning and improvement schemes aiming to meet the 

demand for parks within walking distance. 

Research Questions: 

(5) What are residential preferences when walking to visit different parks (the most frequently visited; 

the second most frequently visited)? To what extent may they differ in varying population groups? 

(6) What are the motivations and barriers for walking to visit parks, and do they vary for groups with 

diverse sociodemographic characteristics and park uses? 

Research Gap 4: Lack of comparison between approaches of UGS 

A key question remains how to analyse UGS accessibility best, as it can significantly affect a studyôs 

output. However, little research has been comparing the effects of the different approaches on park 

accessibility. 
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Research Question: 

(7) What are the differences in analyse results using diverse modelling approaches and distance 

measurements for analysing spatial accessibility of urban greenspace? 

Research Gap 5: Lack of variability of willingness to travel into spatial models 

It is unlikely that all people will have the same willingness to travel; therefore, different groupsô 

preference for the time costs of travelling to a park requires further attention. 

Research Question: 

(8) How do peopleôs travelling time to parks vary among different population groups and to what 

extent can the modelling of spatial accessibility also incorporate preference? 

Research Gap 6: Need to explore park preference and use in different countries 

Several studies have highlighted the variability in peopleôs needs and preferences for UGSs depending 

on different cultural and ethnic backgrounds. However, there is still a lack of a comprehensive 

comparative research approach to the impact of these contextual differences on UGS utilisation 

preferences. 

Research Question: 

(9) How can we understand peopleôs use and preferences for parks in different national contexts whilst 

using a similar/comparable analytical framework? What are the similarities and differences in 

usage and preferences between different populations across Eastern and Western countries? 

1.3 Potential Contributions 

This empirical study contributes to improving traditional UGS accessibility modelling. It provides 

insights into UGSs, especially concerning park planning for local administrators from a residentsô 

perspective rather than a traditional top-down mode. It also highlights the novel approach of comparing 

spatially calculated and public self-reported accessibility to explore park accessibility. Discrepancies 

between the two measures provide information on hidden factors that may significantly affect the 

accessibility of UGSs. 

These findings have important implications for planning and designing at both strategic and individual 

park levels. In addition, it provides evidence that there is no one-size-fits-all modelling approach for 
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UGS usage; instead, it demonstrates the need to enhance park accessibility models considering 

variations in park visitation for different socio-demographic groups. 

It provides an innovative methodology for a more accurate and public-perceived park accessibility 

measurement by comparing different types of park accessibility under different scenarios. It offers 

insight into park accessibility modelling principles based on public perception. 

Differences in peopleôs use and preferences for UGS systems provide validation for future research to 

explore differences in preferences that may arise from cultural differences across the globe. This also 

provides a scientific and practical basis for the fine-grained planning and design of UGSs. 

1.4 Relationship between published papers and thesis research gaps and 

questions 

The work associated with this thesis resulted in several peer-reviewed academic published articles. 

Details of these and the relationship with the thesis are discussed below: 

Article 1 

Ma, Y., Brindley, P., & Lange, E. (2023). From Modelling and Analysis of Accessibility of Urban 

Green Space to Green Infrastructure Planning: Guangzhou as a Case Study. In Adaptive Urban 

Transformation: Urban Landscape Dynamics, Regional Design and Territorial Governance in the 

Pearl River Delta, China (pp. 249-266). Cham: Springer International Publishing. 

https://doi.org/10.1007/978-3-030-89828-1_13  

This article focuses on Research Questions (2) and (3), and covers Research Gaps 1. 

Article 2 

Ma, Y., Brindley, P., & Lange, E. (2022). The Influence of Socio-Demographic Factors on Preference 

and Park Usage in Guangzhou, China. Land, 11(8), 1219. https://doi.org/10.3390/land11081219  

This article focuses on Research Question (5) and (6), and covers Research Gaps 3. 

Article 3 

Ma, Y., Brindley, P., & Lange, E. (2022, June). A comparison of GIS-based methods for modelling 

walking accessibility of parks in Guangzhou considering different population groups. In Journal of 

Digital Landscape Architecture (Vol. 2022, No. 7, pp. 269-279). Sheffield. doi:10.14627/537724026 

https://doi.org/10.1007/978-3-030-89828-1_13
https://doi.org/10.3390/land11081219
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This article focuses on Research Questions (7) and (8) and covers Research Gaps 4 and 5. 

Article 4 

Ma, Y., Brindley, P., & Lange, E. (2023). Comparison of Urban Green Space Usage and Preferences: 

A Case Study Approach of China and the UK. Landscape and Urban Planning. (In review) 

This article focuses on Research Question (9) and covers Research Gaps 6. 

1.5 Thesis Structure 

This thesis consists of seven chapters, in which the narrative is divided into three sub-topics structured 

into three modules (Chapter 4 to Chapter 6 respectively). 

This chapter (Chapter 1) overviews the thesis context, the rationale for this research, and the research 

gaps and questions. 

Chapter 2 reviews the background and progress of current studies on concepts, accessibility modelling, 

and the use and preferences of UGS. This informs the fundamental conceptual framework and basic 

method models used in this research. Limitations and gaps identified in them also inspire this 

researchôs novelty. 

Chapter 3 introduces the research methodological framework and research scopes. It presents details 

of methodology, research design and data preprocessing, which back up the implementation of this 

research. 

The Results and Discussion Part is split into three chapters: Chapter 4, Chapter 5, Chapter 6 and 

Chapter 7, in which limitations and outlooks are also included in each chapter. The purpose of such 

structure is to make the understanding of analysis results more easily and exhaustively through a tightly 

following discussion. These consist of: 

Module 1: Chapter 4 investigates the accessibility of UGS in Guangzhou from objective and 

subjective perspectives by using spatial calculations and public perception approaches respectively. 

Two accessibility results are demonstrated through spatial modelling and empirical data statistics and 

discussed with distribution characteristics differing in populations and regions. 

Module 2: Chapter 5 provides an insight into public actual usage of UGS and preferences on visits 

to UGS in Guangzhou, using online and offline questionnaire survey analysis methods. Results are 
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represented and discussed in three aspects: 5.3 Usage of UGSs; 5.4 Preferences about UGSs; and 5.5 

Perception about UGS. 

Module 3 consists of two chapters:  

Chapter 6 explores differences in various types of spatial accessibility using different models, distance 

measurements, and population weights (comparing eight different approaches), which also investigates 

how to incorporate the socio-demographic characteristic factors within park accessibility modelling. 

Chapter 7 compares the analysis of UGS usage and preferences in China with that from the UK 

analysing and comparing the results of online questionnaires from China with the UK Monitoring of 

Natural Environment Engagement (MENE) omnibus survey data. Results are discussed by comparing 

similarities and differences. 

Chapter 8 summarises key findings from this research and their implications for current knowledge 

and practice, including suggestions for researchers and professionals about UGS decision-making. 

1.6 Concepts of Key Terms 

Administrative units in China 

In China, there are three basic levels of administrative division, namely provincial, county, and 

township (CPGPRC, 2005). Specifically, provincial administrative units include autonomous regions 

and municipalities directly under the Central Government. County-level administrative units generally 

consist of autonomous counties and cities. Township-level administrative units generally include 

towns and streets. 

Guangzhou city 

ñGuangzhou cityò in Chinses words, ñò, represents areas at different administrative levels. In 

this thesis, the term ñGuangzhou cityò refers to all the administrative districts within its jurisdiction, 

consisting of the municipal district as the largest administrative unit at the county level. 

District 

The term ñmunicipal districtò is abbreviated to ñdistrictò in this thesis, without change in meaning. 

Streets and Towns 
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The Chinese word ñò, usually known as ñJiedaoò in some studies on China, translates literally as 

ñstreetò in English. In China, Jiedao is the sub-district of a municipal district and the smallest 

administrative unit, backed by the local governmentôs expenditure budget (Li & Wu, 2008). 

Jiedao has the same administrative division level as towns. Jiedao generally has several communities 

under it, which are at the same level as a village, and several communities and villages form a town. 

The term ñstreetò in this thesis refers to ñJiedaoò in China. 

Parks 

In China, parks have a Chinese word ñò literally translating as ñPark Green Spaceò. It is one 

class of Urban Green Space system classification in China (Ministry of Housing and Urban-Rural 

Development of the Peopleôs Republic of China (MOHURDOPRCOPRC), 2018). Therefore, Park 

Green Space in China is not a superposition of parks and green spaces, but a collective term for all 

green spaces with a park-like role in nature. 

Another type of urban green space in China, named ñScenic Recreation Green Spaceò (with ñ

ò in Chinese, classification code of EG1 (MOHURDOPRC,2018)), is defined as green spaces 

that possess good natural environment open to public and are facilitated with recreational and service 

functions. It has a park nature as well, the main distinction from ñPark Green Spaceò is that it is 

constructed outside of towns. 

Details about the definition and classification can be found in 2.1.1 of the Literature Review. 

In this thesis, the term ñparksò refers to both ñPark Green Spaceò and ñScenic Recreation Green Spaceò 

in China. 

Perception 

Perception here refers to the general meaning of how something is regarded, understood, or 

interoperated. It appears in this thesis in the phrases of ñPublic Perceptionò and ñPerception Levelò. 

Perception, in this thesis, represents one of the subjective dimensions to evaluate accessibility to urban 

green spaces, which usually may contain feelings about context and options for opportunities (Lªttman, 

Friman, & Olsson, 2016a; SEU, 2004). 

Straight-line Distance 
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ñStraight-line Distanceò in this thesis is the straightforward term adapted from ñEuclidean distanceò. 

These terms both refer to the distances between the origin and the destination along a direct line linking 

them (Tian, Jim & Liu, 2017). 

Network Distance 

ñNetwork Distanceò and ñRoad Network Distanceò in this thesis are used for the distance between the 

origin and the destination along the shortest path within the existing road network (Reyes et al., 2014) 
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Chapter 2 Literature Review 

2.1  Research on Urban Green Space in Urban Landscape Planning 

2.1.1 Place-based definition and classification 

Urban Green Space (UGS) 

Defining UGS can be problematic and vary within national contexts (Taylor & Hochuli, 2017). UGSs 

are generally defined as publicly accessible open spaces with a high vegetation cover, such as parks, 

woodlands, natural areas and other green spaces (Schipperijn et al., 2010), existing within or around 

urban areas. From the perspective of academic research, there are nuances in the definitions given by 

some scholars. For instance, Kong et al. (2010) assign the concept of UGS as open spaces with a large 

amount of vegetation, mainly vegetation that survives in semi-natural conditions. Schipperijin et al. 

(2010) describe UGS as open spaces that have the natural characteristics to be designed and planned. 

Rafiee et al. (2009) emphasise that UGS are open spaces providing critical functions to better residentsô 

quality of life. 

From the perspective of practitioners and users, the definition of UGS also varies. For example, 

according to the House of Commons (2006), urban green spaces are regarded as the diverse types of 

land in cities, encompassing a range of artificially designed sites such as parks, to more natural areas 

such as nature reserves (Office of the Deputy Prime Minister & National Audit Office (ODPM & 

NAO), 2006) and as for interpretations by the UK Urban Green Spaces Taskforce in 2002, UGS was 

defined as open spaces encompassing urban landscape elements (e.g., boulevards, squares, pedestrian 

areas, streets and plazas). Differently, in the same year, Department for Transport Local Government 

and the Regions (DTLR) (2002, p. 8) defined UGS as óconsists predominantly of unsealed, permeable, 

ósoftô surfaces such as soil, grass, shrubs and trees (the emphasis is on ópredominantô character because 

of course green spaces may include buildings and hard surfaced areas); it is the umbrella term for all 

such areas whether or not they are publicly accessible or publicly managed. It includes all areas of 

parks, play areas and other green spaces specifically intended for recreational use, as well as other 

green spaces with other originsô. 

There are mainly two classification standards in the UK, namely PPG 17 published by The Urban 

Green Space Taskforce in 2002 and PAN 65 published by The Scottish Government in 2008, as shown 

in Table 2-1 (Shi & Woolley, 2014, pp. 6-7) and Table 2-2 (The Scottish Government, 2008, p.5), 

respectively. PAN 65 identifies 11 main types. The difference between these two classification criteria 

is that PAN 65 includes private gardens in a primary type, which also covers school grounds and 
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institutional grounds. However, PPG17 classifies private gardens as the ñparks and gardensò category, 

while school grounds and institutional grounds are classified as outdoor sports facilities. Another 

difference is that PAN 65 lists other functional green spaces as a base type, including caravan parks. 

Table 2-1 Green spaces typology in England (PPG 17) 

Land use 

code 

Typology suitable for planning purposes 

and open space strategies 

Land use code More detailed classification for open space 

audits and academic research 

1 Park and gardens 1.1 Urban parks 

1.2 Country parks 

1.3 Formal gardens (including designed 

landscape) 

1.4 Private gardens 

2 Provision for children and teenagers 2.1 Play areas 

2.2 Skateboard parks 

2.3 Outdoor basketballs courts 

3 Outdoor sports facilities (with natural or 

artificial surfaces) 

3.1 Tennis courts 

3.2 Bowling greens 

3.3 Sports pitches (including artificial surfaces) 

3.4 Golf courses 

3.5 Athletics tracks 

3.6 School playing fields 

3.7 Other institutional playing fields 

3.8 Other outdoor sports areas 

4 Amenity green space 4.1 Residential 

4.2 Business related 

4.3 Transport related 

5 Allotments, community gardens and urban 

farms 

5.1 Allotments 

5.2 Community gardens 

5.3 City (urban) farms 

6 Cemeteries and churchyards 6.1 Churchyards 

6.2 Cemeteries 

7 Natural and semi-natural urban green spaces, 

including woodland or urban forestry 

7.1 Woodland (coniferous, deciduous, mixed) 

and scrub 

7.2 Grassland (e.g., downland, meadow) 

7.3 Heath or moor 

7.4 Wetlands (e.g., marsh, fen) 

7.5 Open and running water (like spring) 

7.6 Wastelands (including disturbed ground) 

7.7 Bare rock habitats (e.g., cliffs, quarries, pits) 

8 Green corridors 8.1 River and canal banks 

8.2 Road and rail corridors 

8.3 Cycling routes within towns and cities 

8.4 Pedestrian paths within towns and cities 

8.5 Rights of way and permissive paths 

9 Civic Spaces 9.1 Civic and market squares, 

9.2 Other hard surfaced areas designed for 

pedestrians 

Note. Adapted from Shi & Wooley, 2014, pp. 6-7. Copyright 2002 by the Construction Information Service (CIS) 
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Table 2-2 Types of Open Space, Scotland (PAN 65) 

Land use 

code 

Typology suitable for planning purposes 

and open space strategies 

More detailed classification for open space audits and 

academic research 

1 Public parks and gardens Areas of land normally enclosed, designed, constructed, managed 

and maintained as a public park or garden. These may be owned 

or managed by community groups. 

2 Private gardens or grounds Areas of land normally enclosed and associated with a house or 

institution and reserved for private use. 

3 Amenity green space Landscaped areas providing visual amenity or separating different 

buildings or land uses for environmental, visual or safety reasons 

and used for a variety of informal or social activities such as 

sunbathing, picnics or kickabouts. 

4 Play space for children. Areas providing safe 

and accessible opportunities for children and 

teenagers 

Areas providing safe and accessible opportunities for childrenôs 

play, usually linked to housing areas. 

5 Sports areas Large and generally flat areas of grassland or specially designed 

surfaces, used primarily for designated sports (including playing 

fields, golf courses, tennis courts and bowling greens) and which 

are generally bookable. 

6 Green corridors Routes including canals, river corridors and old railway lines, 

linking different areas within a town or city as part of a designated 

and managed network and used for walking, cycling or horse 

riding, or linking towns and cities to their surrounding countryside 

or country parks. These may link green spaces together. 

7 Natural/semi-natural green spaces Areas of undeveloped or previously developed land with residual 

natural habitats or which have been planted or colonized by 

vegetation and wildlife, including woodland and wetland areas. 

8 Allotments and community growing 

spaces 

Areas of land for growing fruit, vegetables and other plants, either 

in individual allotments or as a community spaces activity. 

9 Civic space Squares, streets and waterfront promenades, predominantly of 

hard landscaping that provide a focus for pedestrian activity and 

can make connections for people and for wildlife. 

10 Burial grounds Includes churchyards and cemeteries. 

11 Other functional green spaces May be one or more types as required by local circumstances or 

priorities 

Note. Adapted from Planning and Open Space by The Scottish Government, 2008, p. 5. 

In China, according to the 2010 PRC National Standard, UGSs are classified into five main types, 

which include park green space, green buffer, square green space, attached green space and regional 

green space, depending on the nature of the land, the proportion of green space, location and facilities 

(Table 2-3). It has some similarities with the classification criteria of PPG17. For example, it also 

divides the comprehensive types into hierarchical classifications with levels of detail. However, there 

is one key difference in that three levels are defined in the Chinese typology (see Appendix 3 for 

details), with the third level of classification providing more detail on the type of green space. 
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Table 2-3 Urban green space classification standard 

Category 

Code 

Category Name Introduction Inclusion Remarks 

G1 Park Green 

Space 

 

Open to the public, with recreation as 

the main function, with ecological, 

landscape, cultural and educational 

and emergency hedging functions, 

green spaces with certain recreation 

and service facilities 

Comprehensive parks; Theme 

Park; Garden 

The proportion of greening 

land in amusement parks, 

other special parks (such as 

children's parks, sports and 

fitness parks, etc.) and 

gardens should be greater 

than or equal to 65%. 

G2 Green Buffer 

 

Independent of land and has the 

functions of sanitation, isolation, 

safety and ecological protection; not 

suitable for visitors to enter the green 

space. Mainly include sanitation 

protection green space, road and 

railway protection green space, high-

pressure corridor protection green 

space, and public protection green 

space. 

  

G3 Square Green 

Space 

 

Urban public event venues based on 

functions such as recreation, 

commemoration, assembly and safe 

haven. 

 The proportion of green 

land occupation should be 

greater than or equal to 

35%; the square land with a 

green land occupation ratio 

greater than or equal to 65% 

should be included in the 

park green space. 

XG Attached Green 

Space 

 

Greening land attached to various 

types of urban construction land 

(except for ñgreen space and square 

landò) 

Green space for residential 

land; Green space for public 

administration and public 

service facilities; Green space 

for commercial service 

facilities; Green space for 

industrial land; Green space for 

logistics and storage; Green 

space for road and 

transportation facilities; Green 

space for public facilities. 

No longer participate in the 

balance of urban 

construction land. 

EG Regional Green 

Space 

 

Located outside the urban 

construction land; used for urban and 

rural ecological environment and 

protection of natural resources and 

cultural resources, recreation and 

fitness, safety protection isolation, 

species protection, and garden 

seedling production. 

Scenic green space; ecological 

conservation green space; 

regional facility protection 

green space; production green 

space. 

Not participate in the 

construction land summary; 

not include cultivated land. 

Note. Adapted from MOHURDOPRC, 2018, pp. 2-6. 

Parks 

According to the classification standard above, Park Green Space in China, which has the common 

park nature, is officially defined as green spaces open to the public with recreation as the primary 

function and other functions of ecology, landscape, culture and education, and emergency avoidance. 

These kinds of parks are planned and constructed in town sites of a city. A detailed park classification 

can also be found in the guidelines published by the MOHURDOPRC (2018) (see Appendix 3 for 
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details). In total, there are four major categories of parks and green spaces. The first is comprehensive 

parks; the second is community parks; the third is special parks, containing six sub-categories: zoos, 

botanical gardens, historical gardens, heritage parks, amusement parks, and other special parks; and 

the fourth major category is gardens. 

Outside the town sites, there is another class of UGS attributed to park-like nature named Scenic 

Recreation Green Space (SRGS) (Appendix 3). It belongs to óRegional Green Spaceô (Table 2-3), and 

its features are merely the same as Park Green Space (PGS) except for the location. There are five sub-

types of SRGS, i.e., Scenic Areas, Forest Parks, Wetland Parks, Country Parks, and Other Scenic Open 

Spaces.  

Some criteria for defining parks in terms of typology can also be found in the existing park-related 

studies. There are some determinant factors including the size of parks (e.g., Ledraa & Aldegheishem, 

2022; Mak & Jim, 2019; Xiao, Wang & Fang, 2019; Kaczynski, Potwarka & Saelens, 2008), the quality 

(Smoyer-Tomic, Hewko & Hodgson, 2004), the geographic location of parks (Li, Chen & Yan, 2021) 

and the facilities in parks (Mak & Jim, 2019), for example. Although there have been diverse 

approaches to defining parks, these criteria mainly depend on their study objectives and account for 

the place-based characteristics of classification and definitions. Therefore, there is no uniform 

definition or classification criteria. 

2.1.2 The Importance of Urban Green Space 

The environmental benefits of urban green spaces affect human health more at the urban level (Bolund 

& Hunhammar, 1999), such as the mitigation of the heat island effect or the digestion of carbon dioxide 

(Strohbach & Haase, 2012), while the rest of its functions are primarily at the local level for the 

inhabitants (Kabisch & Haase, 2014) (ecological functions such as the reduction of urban noise, and 

medical health functions such as the direct or indirect healing of mental and physical illnesses) (Bolund 

& Hunhammar, 1999; Vries et al., 2003). The former environmental functions of these urban green 

spaces have been found to affect those populations near them, while the latter may be more generally 

relevant to the urban population. 

Over recent years, there has been an increasing consensus on Urban Green Space (UGS)ôs role in 

promoting physical activity, psychological health and social connectivity (Ghimire et al., 2017; 

Kaczynski et al., 2010). The park is one of the most critical objects of public financial support in the 

urban landscape (Rigonlon, 2016). Given the classification standard of UGS in China, PGS is defined 

as green spaces open to the public with inherent beneficial impacts on people and the environment. 

Compared to the other types of UGS, PGS can be comprehensively functional for providing places 

with residential repeated physical activities in the compact city (Chawla, 2015). As a critical class of 



16 

 

16 

 

UGS, the PGS has inherently beneficial impacts, the same as UGS, on the ecological environment, 

physical and psychological well-being, and social and economic development.  

In terms of the contribution to public health and well-being, numerous literatures indicate that parks 

offer multiple functions for people to engage in leisure, exercise and socialising (Zhang et al.,2013, 

Kaczynski and Henderson, 2008; Hong et al., 2018). This is mainly due to its ability to provide 

residents in a densely urbanised environment with regular and consistent contact with nature (Wolch 

et al., 2014; McCormack et al., 2010). Regardless of the socio-cultural context, humans have been 

shown to experience positive improvements in their physical and mental health after long-term 

engagement in the natural environment of parks (Rigonlon, 2016). 

Specifically, greener living environments can help reduce the risk of obesity (Mears et al.,2020; 

Manandhar, Suksaroj & Rattanapan, 2019), relieve depression (Liu, Chen, Cui et al., 2023), improve 

self-esteem (White et al., 2017). For example, few studies have demonstrated that adult exposed to 

adequate neighbourhood parks takes more physical activities, has a healthier mental state and less 

stress, and consequently are in a higher level of overall happiness (Roe et al., 2013; Bratman, Hamilton 

& Daily, 2012). A study by Chawla (2015) revealed that being more involved in the natural 

environment not only equips young people with better physical and mental health but also enhances 

their personal well-being and cognitive abilities and fosters positive social emotions. 

Moreover, parks are proven to positively affect ecosystem service (Young, 2010) and biodiversity 

protection (Goddard et al., 2010). At the urban level, green spaces are a vital part of the ecosystem and 

perform a range of critical ecological services, which include but are not limited to providing habitat 

for flora and fauna, purifying air, absorbing noise, assisting in flood management, and mitigating the 

heat island effect (Wolch et al., 2014; Norton et al., 2015). As an essential element of the UGS system, 

the park also inherits these ecological services that contribute to the sustainability of the urban 

environment (Chiesura, 2004; Hasse et al., 2014), assisting with mitigating the pressure of 

environmental ecosystems from air and noise pollution etc. (Mariani et al., 2016).  

In addition, the development of cultural ecosystems benefits significantly from the services inherent 

in or derived from urban parks (Bertram & Rehdanz, 2015). In densely populated cities, urban parks 

realise the value of the recreational ecological service by supplying residents with rich natural 

vegetation and landscapes with ample space for recreational activities (Nielsen et al., 2014; Fischer et 

al., 2018). These studies dealing with the concept of leisure services focus on the following objects of 

research: landscape preferences (0de et al., 2009), environmental justice (Matthew & Shackleton, 

2010), attitudes to life (Evenson et al., 2013), and health condition (White et al., 2013). The common 
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denominator of these research objectives is that they are the corresponding products of human 

perceptions, perceptions or uses of green spaces (He, Yi & Liu, 2016). 

In social and economic promotion aspects, public parks can be seen as sites of social contact, recreation 

(Zhang et al.,2013), and democracy, where users can gather and experience green spaces (Chiesura, 

2004). Consequently, the park enhances social cohesion and a sense of belonging among citizens 

(Hong et al., 2018) and benefits the quality of individual life (Chiesura, 2004). Urban parks can 

contribute to the economic development of cities as well. A study in Korea suggests that economically 

depressed neighbourhoods around parks benefit financially from park tours and that the overall sales 

of neighbouring businesses are also positively impacted by the parks (Park & Kim, 2019). Additionally, 

the proximity to the park has also proven to increase property values accordingly (Harnik & Crompton, 

2014). 

In general, UGSs are intimately related to and important for the ecological environment, the health of 

residents, social harmony and economic development. As the core component of UGS, parks are a 

pivotal part of the urban green infrastructure. It is, therefore, necessary to investigate in depth the 

accessibility and usage status and preferences of parks and other types of GSs in a systematic manner. 

2.1.3 Accessibility of Urban Green Space 

2.1.3.1 Spatial Modelling Accessibility 

As rapid urbanisation has challenged the natural or semi-natural areas in cities worldwide, humans 

tend to lose a kind of connection to natural or semi-natural environments to different degrees. UGS is 

increasingly attached to importance. Except for evaluating the UGS sustainable performance via 

predefined indicators (Kabisch et al., 2016; Gupta et al., 2012), residents with reasonable access to 

UGSs can take advantage of the benefits (Jenks & Jones, 2010). The ability to access UGSs located 

within a reasonable distance has positive effects on both physical and psychological health (Manandhar, 

Suksaroj & Rattanapan, 2019; Datzmann et al., 2018; Ghimire et al., 2017). Moreover, the provision 

of UGS cannot be equally or adequately distributed in the space. Consequently, UGS accessibility 

emerged for studying to what extent it is easy for people to access them. 

Furthermore, lots of studies have shown shreds of evidence on the association between access to parks 

and both physical and psychological health, such as obesity (Ghimire et al., 2017; Manandhar, Suksaroj 

& Rattanapan, 2019), chronic disease (Datzmann et al., 2018), depression (Wilson, 2009), and so on. 

For example, Middle-aged and older people living in closer proximity to parks are found to be 

associated with more park use and higher health self-ratings (Payne et al., 2005). Therefore, 

understanding how people access urban parks plays a vital role in investigating whether the UGS is 
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allocated scientifically and effectively. For example, with the rapid urbanised expansion in 

Copenhagen in the 1990s, lacking the balance between green infrastructure provision and intense land 

development led to pressure on the UGS network (Caspersen et al., 2006). 

Planners and local government recognise the importance of UGS provision. The European 

Environment Agency directs that residents should be within a 15-minute walking distance from their 

nearest UGS. Natural England (NE) provides guidance where there should be UGS of ñat least 2 

hectares in size, no more than 300 meters (5-minute walk) from homeò. Accessing UGS has widely 

been recognised as a significant concern for environmental justice - gaining recognition for assessing 

the disparity between UGS provision and the public demand based on socioeconomic population 

groups (Xiao et al., 2017; Xu et al., 2018). For example, Boone et al. (2009) highlighted that black 

ethnic groups on average have less urban park acreage within 400 meters of walking distance compared 

to white ethnic groups in Baltimore, Maryland. This said, there is far from consensus on findings from 

empirical studies. For example, two opposite opinions are presented by Macintyre (2007) and Wolch 

et al. (2014), whereby the former identified better access to parks in lower-income populations 

compared to other groups, while the latter highlighted low-income communities were provided with 

less park service compared to more affluent white ethnic counterparts. Therefore, the question of how-

to best measure UGS accessibilities has a pivotal influence on researchersô findings (Mears & Brindley, 

2019; Rigolon, 2016, Wolch et al., 2014, Lee & Hong, 2013). 

2.1.3.2 Public Perceived Accessibility 

Except for physical elements, the city is also used by humans based on spatial perception, which is a 

real, direct, diverse and integrated experience of the environment. In the case of accessibility, although 

the use of spatial proximity to characterise access to infrastructures has been widely recognised, the 

use of a single distance as an indicator of accessibility has been challenged over the years (Ries et al., 

2009; Cohen et al., 2010). As early as 1984, Lynch argued that although in his book ñImage of the Cityò 

(1960), five physical factors had been shown to influence residentsô mental map of the city, this 

conclusion was still limited by the individualôs portrayal of impressions in the context of culture and 

familiarity. Furthermore, South et al (2015), having also examined the quantitative correlation between 

green space and human health, highlight the need for a shift in the focus of future research towards 

human influence by UGS in the context of spatial proximity in conjunction with perception. 

Even though the empiricism on the calculated accessibility at the space level has been under complete 

research, accessibility in the aspect of the perception of users might be overlooked (Curl et al., 2011). 

Conventional spatial accessibility is measured by objective indicators with aspects of travel distance 

or time, which deem individuals to select the nearest service for their destination. Such objective 
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assumptions will still be subjective for accessibility measurement and fail to take characteristics of 

demand groups into some instances of specific study scenarios (Lªttman, Olsson & Friman, 2016). 

Given this, Perceived Accessibility (PA) was developed by Lattman, Friman & Olsson in 2016 to 

examine a personôs perceived accessibility of a specific transport, then improved to evaluate an 

individualôs perceptions of different transport systems (Lattman, Olsson & Friman, 2018). More 

recently, perceived accessibility is defined as ñthe perceived potential to participate in spatially 

dispersed opportunitiesò (Pot, van Wee & Tillema, 2021, p1). 

Under this situation, these subjective messages at the level of usersô subjective perceptions enrich 

traditional accessibility from theory and measurement praxis, conferring a further ñbehavioural realismò 

character (van Wee, 2016, p.11). Thus, in recent decades, attention on subjectivity in accessibility 

research is focused in different fields on the subjective factors of travel behaviour in reaching the event 

location, such as meta-analyses of travel mode choice with psychological correlates (Lanzini & Kahn, 

2017) and economic contextual variation in travel behaviour (Mercalfe & Dolan, 2012). Additionally, 

perceived accessibility differs significantly from objective perspectives of accessibility in its diversity 

among population groups (Tiznado-Aitken et al., 2020), which could lead to specific types of perceived 

accessibility of infrastructure determined by their preferences that are possibly correlated with their 

socio-culture contexts, race, gender, income etc. (Ma & Cao, 2019; Hui & Habib, 2014).  

Currently, as reviewed above 2.1.3.1, studies were exploring the differences among population groups 

accessing to UGSs and related environmental inequity, which utilised the predominant methods for 

measuring the accessibility of UGSs from a quantitative spatial perspective. However, perceived 

accessibility should be as important as the geographic one for exploring UGS use (Wang et al., 2015). 

Scholars have made some efforts to explore the differences between these two. For example, Ryan and 

Pereira (2021) identified differences between two representations of accessibility (perceived and 

objective) by analysing travel surveys of specified activities (health services and supermarkets). These 

related studies all pointed out that perceptions of infrastructures were overlooked and underestimated 

(Hallgrimsdottier et al., 2015; Nordbakke, 2013) and needed further investigations on its comparison 

with physical accessibility (van Wee, 2016; Lªttman, Olsson & Friman, 2018). 

2.1.4 Summary 

UGS is considered a crucial resource in urban and landscape planning, playing an irreplaceable and 

positive role in environmental sustainability, social cohesion and the well-being of residents. Sensible 

planning of UGS resources can efficiently use the limited green spaces. Accessibility is an essential 

representation of the efficiency of urban green space provision and use, as people with easier access 

to green space are proven to be more likely to reap the benefits of it. Accessibility is mainly measured 
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at the level of spatial allocation; on the other hand, public perceived accessibility of UGSs is 

increasingly being recognised as an inaccessible part of accessibility assessment. 

2.2 UGSôs Accessibility Measurement 

2.2.1 Concepts of Accessibility 

2.2.1.1 Two Perspectives of Accessibility: Spatial and Perceived 

Accessibility has been widely used in transportation studies, urban planning, space-time geography, 

and economic studies (e.g., Parks,2004; Wang, 2012) since it has diverse definitions and varies in 

measuring methods, which are distinguished from different usages and particular perspectives. Since 

the 1950s, the term accessibility has been defined by many scholars; for example, Geurs and Van Wee 

(2004) posed that accessibility means the extent to which the land-use and transportation systems 

enable (groups of) individuals to reach activities or destinations. Tsou et al. (2005, p426) defined it as 

ñthe relative nearness or proximity of one place to anotherò. As such, four factors jointly influence 

accessibility, including the performance of transportation, the characteristics of individuals, the spatial 

distribution of destinations, and the quality of destinations (Shen, 1998). Correspondingly, four 

components are constructing the basic structure of accessibility measurement. The interrelationship 

among the four components is depicted in Figure 2-1 

 

Figure 2-1 Interrelationship among four components of accessibility measure (Adopted from Geurs & Van Wee, 2004). 

Based on the components of the diagram, accessibility can be understood as the result of the interaction 

between the distribution and quality of facilities and the impact of traffic/land use on people's access 
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to the park. Each component comprises different factors that may influence accessibility. These factors 

interact to determine the eventual accessibility of parks. Specifically, for example, when a person 

decides to visit a park, his/ her location influences the choice of destination, as the distance travelled 

depends on the distribution of parks around him/ her, the mode of transport and the road network. 

When one of these factors is fixed, for example, the mode of transport is set to walking, the 

attractiveness of the destination becomes another factor that conflicts with the cost of travel and then 

has an impact on peopleôs choices. Accessibility can, therefore, be seen as the number of opportunities 

(together with their attributed benefits) acquired by an individualôs spatiotemporal behavioural choices, 

balancing the attractiveness of destinations and the impedance of reaching these destinations 

(opportunities). 

As a result, accessibility is not a concept that is only involved with spatial data (for indicators of 

accessibility, see Handy and Niemeier, 1997 as an example) for expression or conceptualisation (Curl, 

2018; Morris et al., 1979). In this context, more concentration has been increasingly drawn on user 

groupsô perceptions of their access to public infrastructure (e.g., transmit, clinic service, parks), which 

develops spatial accessibility in practical aspects of public realistic demands (Shi et al., 2021). This 

evolution to the perception of accessibility in existing studies was usually encouraged by the ignorance 

of the cause of individual behaviour formation that is mediated by how the components of spatial 

accessibility are perceived (Golledge et al., 1972; Ma, Dill & Mohr, 2014; Ma & Cao, 2019). 

In general, accessibility in the current research context should be interpreted on two levels, namely 

spatial proximity and user perception. The former comprises four elements (individual, traffic, land 

use, time) that include some of the objective factors involved in the formation mechanisms of the latter 

but not the subjective factors of behaviour, psychology, economics, etc. Therefore, a comprehensive 

understanding and rational assessment of accessibility theory should not be limited to spatial indicators 

but also actively incorporate public perception. 

2.2.1.2 Significance of Accessibility Assessment 

In the 1990s, the earliest introduction of concepts on the accessibility concept in the geography fields 

was used to evaluate conditions for the reasonable distribution of public facilities (Qiu, Zhou & Wang, 

2022). UGS has been commonly recognised as an essential public infrastructure featuring many 

services and benefits for the environment and human well-being, as discussed in the 2.1 section. With 

the proliferation of urban populations, more than half of the global population (55%), according to the 

United Nations (2018), live in cities as of 2018. In the context of such severe global urbanisation, 

UGSôs rational and efficient provision is of great concern (Rigolon et al., 2018; Tan & Samsudin, 2017). 
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However, UGS is considered a quasi-public good with limited scope for releasing benefits (Chen et 

al., 2019). In other words, its functions are limited by spatial exclusivity and can only serve residents 

within its reach (Wu et al., 2018). As UGS is mainly supplied by local governments (Choumert, 2010) 

and subject to the urban land resource allocation framework, it is likely to lose trade-offs between 

supply and demand due to interest orientation (Sister et al., 2010; Chen and Hu, 2015). In addition, the 

market allocation of UGS can be socially inequitable as a result of a confluence of societal drivers 

(e.g., socio-economic characteristics of the population, regional differences in ethnicity between rich 

and poor, etc.) that contribute to this distributional imbalance (Rigolon, 2016; WolcH, Wilson & 

Fehrenbach, 2005). Consequently, to what extent individuals can access UGS resource are a vital 

indicator for evaluating the UGS service. 

To be specific, as introduced in 2.1, the four primary components as the gist of accessibility have been 

argued by Moseley (1978) that factors of accessibility were ópeopleô, óactivities and services demanded 

by peopleôô, and óconnection between the twoô, three parts which participants take various activities in 

the society as subject, object, and medium between the two. Therefore, accessibility assessment could 

help urban planners get to know the status of the access to facilities by integrating serviceability, 

population demand, and transporting connectivity. Some scholars stressed that it is necessary 

evaluating the layout of UGSs by incorporating socioeconomic factors, traffic conditions, and UGS 

features from both macro and micro perspectives to make the analysis result conform to reality (Van 

den Bosch et al., 2016; Gupta et al., 2016; Firedman, 2020, p.89). In this way, in the context of the 

complexity of urban systems, the growing number of urban problems that require fine-grained 

management can be analysed rationally to find scientific solutions within the context of a people-

centred urban planning concept (Long & Ye, 2019). 

It is worth emphasising that a single measure of spatial accessibility is not capable of realistically 

assessing the state of service of UGSs. Hence, the differential needs of different groups of people (e.g., 

different levels of education, gender, income, ethnicity, etc.) need to be considered (Ozguner, 2011) 

alongside the current state of spatial provision in which they are situated to avoid worsening 

environmental equity issues (e.g., gentrification) (Harris et al., 2020; Gould & Lewis, 2012) 

2.2.2 Types of Measurements 

Therefore, there are other different summaries on the classification of accessibility measures when 

used in different fields (e.g., Handy & Niemeier, 1997; Geurs & Ritsema van Eck, 2001; Curtis & 

Scheurer, 2010). Generally speaking, there can be compensation of pros and cons between 

measurements from different aspects (Lucas, van Wee and Maat, 2016). Based on the common factors 

affecting accessibility in its standard definition, as stated above, Geura and Van Wee (2004) identified 
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that accessibility measurements can be separated into four perspectives: infrastructure-based, 

individual-based, location-based, and utility-based. 

2.2.2.1 Infrastructure-based Accessibility Measure 

The first one is the infrastructure-based measure, which reflects the accessibility via the performance 

of transport system services such as travel time and traffic congestion. This measure is mainly used in 

transportation planning and includes methods such as simulation models (e.g., agent-based models) 

and empirical analysis. All the benefits from better accessibility were described as relating to the lower 

investment in transportation (Glaeser, 1998). The result of the infrastructure-based accessibility 

measure can be in two common forms, travel time and travel distance, as the reflection of the 

performance of transportation (Iacono, Krizek, & El-Geneidy, 2010). The travel time or distance can 

be estimated by simulation models (Kim, Tak & Yeo, 2018), which can be collected from floating car 

data (Nigro, Cipriani & del Giudice, 2018), or be captured via online map API (Chen et al., 2017). 

Regarding the traditional infrastructure-based accessibility measures per se as an indicator, the main 

drawback should be failing to consider the potential impacts of all the other three components and the 

interaction between them. 

To promote the conventional methods, advanced simulation models were developed. As introduced 

above, Agent-based Modelling (ABM) has emerged as a powerful approach that enables insights into 

the significance of different parameters and the effectiveness of diverse policy scenarios (Tomasiello, 

Giannotti & Feitosa, 2020). ABM as explored by Wise, Crooks, and Batty (2017), adeptly simulates 

the interplay between urban systems and transportation. Torrens and Nara (2007) showcase the 

feasibility of a hybrid agent-cellular automata model for studying the gentrification phenomenon in 

Salt Lake, Utah, in which process this model was able to capture and simulate human behavior 

complexities within urban systems. It performs well in offering a more nuanced understanding of 

individual behaviors and dynamic urban systems by understanding individual behavioral rules by 

activity or survey data, for example Liang, Lu and Yishake (2022) undertook questionnaire surveys 

for conducting the agent-based model to analyse green space usage in Shanghai. Particularly as 

technology and data availability continue to advance, the application of ABM is likely to play an 

increasingly integral role in shaping more inclusive and efficient urban environments with micro-Level 

representation. One of the problems associated with ABM lies in the critical importance of validation 

and calibration of these models, as they involve fitting numerous parameters to real-world data, which 

were challenging to investigate complex rules within them. 
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2.2.2.2 Individual-based Accessibility Measure 

The individual-based accessibility measure commonly analyses individual travel behaviour with 

spatial and temporal constraints and is, therefore, usually used in space-time geography studies. The 

space-time prism would be one fundamental concept consisting of all possible space-time paths with 

individual temporal constraints (Miller, 1991). As the result of individual-based accessibility, it can be 

an indicator interpreting a personôs freedom to travel and hence provides accessibility. The improved 

space-time prism employs the average, maximum or additive space-time accessibility of a collective 

group with coincidentally available time and space. Neutens et al. (2010) developed an application 

providing views of the collective accessibility in the user-defined scenario, where different available 

times and accessible locations were integrated into a locational benefits-based model by introducing 

travel time into additive accessibility measure. Lee & Miller (2019) developed the average space-time 

prism concept method for representing the measure summary of aggregate geographic groups based 

on individual-level. To sum up, the individual-based measure is an analysis of activity-based travel 

demands. The data required can be collected from the mass of empirical activity data such as activity 

diary (Zheng et al., 2009; Chai et al., 2009), GPS technique (Chai et al., 2013), mobile signalling data 

(Li et al., 2011; Liu et al., 2012) and so on. The main disadvantage of individual-based measures is 

overlooking the impact of supply characteristics on accessibility, and it is difficult to interpret the 

variation of individuals. 

2.2.2.3 Location-based Accessibility Measure 

For the location-based measure it analyses the accessibility of spatially distributed activities or 

destinations, usually at geographically aggregate levels. The result of accessibility analysis in this way 

can be an indicator in urban planning and geographical studies to interpret the performance or 

provision of land use. Methods of location-based measure can be divided into three types: distance 

measure, contour measure (also named cumulative opportunities) and potential accessibility measure 

(Talen, 2003). The first two types reflect the accessibility by adding up the number of opportunities 

that can be reached in the fixed distance, time or cost or calculating the average/ total time, distance or 

cost for getting to a fixed number of opportunities (Hansen, 1959; Handy & Niemeier, 1997). In this 

way, the ease of accessing destinations by a specified transport is characterised as the statistical 

magnitude of the resistance (from travel costs) to weighted opportunities. 

Because there is no assumption on a personôs perception of transportation, land use, and their 

interaction, many studies on facility accessibility have introduced these two methods such as buffer 

area (Silva et al., 2018), network analysis (Rigolon, 2017; Quatrini et al., 2019). Correspondingly, the 

disadvantage could focus on not considering the combined effect of activity, transport, and individual 
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preference on accessibility. Therefore, the potential accessibility measures, based on the gravity 

concept, emerge that enable overcoming the shortcomings of these two measures. The core model of 

this accessibility measure is the gravity-based model, which can estimate the accessibility of 

opportunities in one zone to other zones considering the distance decay factor. By this way, smaller 

opportunities would be provided in more distant locations from the supply (Nicholls, 2001). It enables 

taking the attraction of destination into account of accessibility measuring, which evaluates the 

combined effect of land use and transport elements. Furthermore, this method can realise the 

hypothesis on individual perception of travel preference by introducing a distance decay function (Li 

& Liu, 2016). However, the interaction between supply and demand is not reflected, and the gravity 

model cannot be interpreted intuitively (Chen & Yeh, 2019). To improve the original gravity-based 

model, Radke and Mu (2000) first proposed the two-step floating catchment area (2SFCA) method, 

modified by Luo and Wang in 2003. 2SFCA method can represent the complementarity of both the 

distance decay influence and the interactions between supply and demand. This more intuitive 

approach deriving the basic gravity model has been used for estimating the spatial accessibility of 

public services (e.g., health care services) (Chen & Yeh, 2018). It is constrained, however, by the 

assumption of equal opportunity for all populations within the catchment area, which omits the 

impedance of its travel costs and the competitiveness between service points (Luo & Wang, 2003). 

Therefore, based on this prototype, there are developed models, for instance, the dynamic 2SFCA 

(McGrail & Humphreys, 2014), the nearest neighbour 2SFCA method (Jamtsho et al., 2015) and so 

on. Their development primarily benefits from three aspects that are the improvement of calculating 

catchment area (Yang George & Mullner, 2006; Wang, 2012; Luo & Whippo, 2012), the introduction 

of regional competition among service providers (Wan et al., 2012; Luo, 2014) and the variety of the 

form of the distance decay function. These developed 3SFCA methods primarily improve the previous 

models regarding the appropriate incorporation of quantitative estimates of competition between 

services. 

2.2.2.4 Utility-based Accessibility Measure 

The utility-based measure reflects the benefits obtained from access to spatially distributed activities, 

and it explains accessibility as an outcome of a set of transportation choices. Based on considerable 

empirical data, it can be linked to person-based measures for micro- or mesoscopic simulation from 

traffic behaviour per second to travel behaviour at a day-to-day level. For transportation accessibility 

measures, many simulation-based open-source transportation application platforms (e.g., SimMobility, 

TRANSIMS Studio, etc.) have been developed, which analyse and integrate the interaction of transport 

flow simulation model, traffic management module and user interface (Adnan, Pereira & Azevedo, 

2016). These applications enable the evaluation of the impacts of alternative traffic management 

system designs at the operational level and assist in subsequent design refinement. There are also a 
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variety of models for accessibility in other study fields since the definition of benefits differs in 

multiple usages and various perspectives. (See Zhu et al., 2018; Geurs et al., 2010; Bertram et al., 

2017). 

2.2.2.5 Perceived Accessibility Measure 

Perceived accessibility, which is also expressed as the perceived ease of accessing destinations, was 

realised and developed in the 70s aiming at transport system study initially (Burns & Golob, 1976). 

With the increase of concentrations gained in this perspective of accessibility assessment as discussed 

above, there have been more studies on it and accordingly mature definitions of it, recently it is 

described as ñthe subjective dimension of the accessibility concept (which) measures the extent to 

which individuals consider the service accessibleò (Wang et al., 2015, p. 87), and more recently, as 

ñthe perceived potential to participate in spatially dispersed opportunitiesò (Pot, van Wee & Tillema, 

2021, p. 1). Perceived accessibility is an assessment of ópeopleô and has been proven to differ in 

populations by their experiences, preferences and other objective factors (Tiznado-Aitken et al., 2020; 

Curl, Nelson & Anable, 2011; Ma &Cao, 2019). In terms of perceived accessibility by pedestrians, 

there is a term known as ñPerceived walkabilityò, with the definition of ñhow easy people feel it to 

walk in a region or to destinationsò (De Vos et al., 2023, p. 305), which has been understudied for 

several years and have systematic assessment frameworks, including two main measures called the 

Neighbourhood Environment Walkability Scale (NEWS) (Saelens et al., 2003) and Leyden Walkability 

Instrument (LWI) (Leyden, 2003). NEWS measure collects information from residents about their 

satisfaction with different aspects of neighbourhoods and the ease of access to different types of diverse 

services and other infrastructures (83 items in total). Another two modified scales were also developed: 

the Neighbourhood Environment Walkability Scale ï Abbreviated (NEWS-A; including 37 items in 

total; Cerin et al., 2009) and the Neighbourhood Environment Walkability Scale ï Youth (NEWS-Y; 

Rosenberg et al., 2009). The LWI is a short measure consisting of sub-evaluations on accessing nine 

types of surroundings of residents for calculation of the final walkability score. Calise et al. (2019) and 

Marquet and Hipp (2019) used the Physical Activity Neighbourhood Environment Scale (PANES; 

Sallis et al., 2010) to measure perceived walkability as well. Other scholars are measuring perceived 

walkability by their own methods as well because, according to current literature, these measures are 

consistent in the method of using the self-rated scale assessing the extent of their ease of accessing 

different services/ infrastructure/ activities, etc. (De Vos et al., 2023). Therefore, in summary, the core 

of measurement for perceived accessibility is getting self-reported ratings through scales on ease of 

reaching specific destinations (dependent on study objectives). 
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2.2.3 Accessibility Measurement of UGS 

2.2.3.1 Methods of modelling spatial accessibility 

The methods of modelling the accessibility of urban parks are contested within urban planning and the 

sustainability of cities (You, 2016; Xing, Liu & Liu, 2018; Dadashpoor & Rostami, 2017). Park 

accessibility measures may be seen as indicators of the effect of the distribution and quality of parks 

and transport systems on peopleôs access to parks (Xu et al., 2017). Based on such a concept, and 

conjointly referring to Geura and Van Wee (2004), the constitute of UGSôs accessibility measure can 

be conceived as four parts: the UGS component, transportation component, temporal component, and 

individual component. The UGS component consists of parks' amount, quality, spatial distribution and 

interaction with demand, such as attraction to the population. For the transportation component, it 

explains the disutility of distance and/or time and/or effort (e.g., costs, level of comfort) when people 

access to UGSs from origins using specific transport modes. The temporal component it represents the 

time constraints in the availability of both UGSs and individuals. The individual components express 

people's needs, abilities, and opportunities, which can be demographically classified with hierarchical 

levels (Xu et al., 2017). 

Following the framework of measuring the UGSôs accessibility, Table 2-4 highlights literature 

measuring and modelling standards and methods for UGS accessibility. Common measurements 

include the amount of UGS per capita or the average/ total time/ distance to access UGS (Silva et al., 

2018; Rigolon, 2017; Quatrini et al., 2019). The travel time or distance can be approximated by a 

simulation model (Kim, Tak & Yeo, 2018) for example the buffer area (Silva et al., 2018), network 

analysis (Rigolon, 2017; Quatrini et al., 2019), obtained from ófloating carô GPS data (Nigro, Cipriani 

& del Giudice, 2018), or extracted from online map API (Chen et al., 2017). The principal drawback 

of such approaches is failing to consider potential impacts of other components and their interactions. 
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Table 2-4 Some standards and methods of modelling and measuring UGS accessibility according to literature. 

In order to overcome the research gap of a people-oriented accessibility measurement, a number of 

studies have focused on peopleôs activities to investigate urban park accessibility by using such 

approaches as collecting activity diaries (Zheng et al., 2009; Chai et al., 2009), GPS techniques (Chai 

et al. 2013, Vich, Marquet & Miralles-Guasch, 2019), online POI data or mobile phone signalling/GPS 

data (Li et al., 2011; Liu et al., 2012; Zhai et al., 2018; Mears et al., 2021). However, such studies 

frequently overlook the effects of the ósupplyô component, and it is also difficult to interpret the specific 

characteristics of individuals. 

Other similar research at times employs a gravity concept for modelling UGS accessibility, which 

considers the way that attraction to a destination affects accessibility and also combines the influences 

of land use and transportation. The interaction between supply and demand, however, is not reflected. 

To enhance the original gravity-based model, Radke and Mu (2000) first proposed the two-step floating 

catchment area (2SFCA) method, which is commonly used in the field of analysing access to health 

care (see Chen et al., 2021; Kiani et al., 2021; Ghorbanzadeh et al., 2021). In recent years, academic 

research has also applied the method for evaluating GI accessibility (Xing et al., 2020; Lin et al., 2021; 

Liu, Kwan & Kan, 2021). Some developed versions based on the regular 2SFCA emerge to achieve 

kinds of optimisations. For example, Enhanced 2SFCA (E2SFCA) and Gaussian-based 2SFCA 

Author(s)/Year Standard of accessing UGS Measuring/ Modelling method(s) 

Willemse (2013) 15-minute walking time Container approach 

Zhang, Lu & Holt (2011) 6.7 miles (no specific transportation) Container approach 

Cetin (2015) 500-meter (15-minute) walking distance (time) Buffer analysis 

Miyake et al. (2010) 400-meter walking distance Street network analysis 

Maroko et al. (2009) Density of park acreage and density of physical 

activity sites 

Kernel density 

Oh & Jeong (2007) 1000-meter walking distance Street network analysis 

Liang (2018) 800m walking time Street network analysis 

Zhang & Zhou (2018) Geotagged check-in data from social media Statistical analysis 

Reyes, Páez & Morency (2014) Local Household Travel Surveys Database A statistical estimation model 

Lee & Hong (2013) A distance decay function where the maximum 

distance is 1000 meters 

Gravity model 

Rahman & Zhang (2018) 800-meter walking distance Buffer analysis 

Wu et al. (2018) 1-10 km walking and cycling distance Street network analysis and Gaussian-

based two-step floating catchment 

Silva et al. (2018) 300-meter and 500-meter walking distance Buffer analysis 

Mears and Brindley (2019) 100, 300, 500-meter walking distance Buffer analysis and street network 

analysis 
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methods are designed to consider the distance decay properties of peopleôs willingness to access UGSs 

(Dai, 2011; Luo & Qi, 2009). Variable-width Floating Catchment Area (VFGA) models are motivated 

by characterising the attractiveness of different parks and travel modes (Dony, Delmelle and Delmelle, 

2015). However, the data content does not embrace personal and preference information, potentially 

overlooking the relationship between public behaviour and public perception of using parks, which 

have been researched to impact the actual use of UGSs. For example, when studies use a gravity model, 

most set the fixed distance for producing the catchment areas despite introducing the distance decay 

function, which still assumes that the preferred travel length is the same for all population groups. 

2.2.3.2 Measurement tools 

As reviewed in the literature above, there are two dimensions of accessibility measurements: physical 

(objective/ spatial) accessibility and perceived (subjective) accessibility. Although tools used for them 

could vary, some common techniques are widely used in related research. 

Spatial Accessibility 

As for spatial accessibility, Geographical Information Science technology has been applied as a mature 

and reasonable tool to address related issues in existing studies (Park & Goldberg, 2021), especially 

for distance-based methods consisting of various models (e.g., gravity model) (Higgs, 2004; Luo & 

Wang, 2003). To study the spatial proximity to UGS, involving the characteristics of both the resources 

and the demand groups, it needs to employ a methodology that takes ontology features of objects and 

their spatial characteristics into combination to model their interrelations for assessing the provisioning 

capability of UGS (Higgs, Fry & Langford, 2012). Therefore, it was critical to systematically store the 

information on each object related to the studied activities to build up the model in which analysis 

components interacted with each other. 

The reason for adopting it is that GIS technology can offer integrated methods, including storage, 

analysis, and display tools to process both spatial and temporal data (Malczewski & Jacek, 1999). The 

primary functions of different GIS platforms are all designed with a similar theoretical grounding, 

which supports the development of advanced spatial analysis methods for dealing with complex 

problems inherently with geospatial features and for integrating with nonspatial attributes to 

investigate further specific issues (Higgs, Fry & Langford, 2012). Specifically, regular spatial 

modelling methods can be referred to by reviewing previous research on UGS modelling methods and 

accessibility measurements informed by accessibility measuring component theory (Geura & Van Wee, 

2004), where the infrastructure-based accessibility measure, individual-based accessibility measure, 

and location-based accessibility measure are primary methods, as introduced in detail above in section 

2.2.2. These measurements consistently require analysing the ability to process spatial data, which has 
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been confirmed by previous studies, where GIS technology is an accepted sensible tool for 

experimenting with the light of accessibility, especially for urban infrastructure. As for the integration 

with non-spatial features, a common research field about UGS adopting GIS techniques is 

environmental justice, which, for example, usually investigates the equity of UGS distribution for 

different populations (e.g., Kabisch & Haase, 2014; Guan et al., 2023). 

Commonly used GIS software in accessibility research includes Esri ArcGIS (e.g., Ibes, 2015; Wang, 

Brown & Liu, 2015) and Quantum GIS (QGIS) (e.g., Zhang, 2021; Semenzato, Paolo & Campagnaro, 

2023). 

Perceived Accessibility 

A broad description of perceived accessibility is said as ñhow easy it is to live a satisfactory life using 

the transport systemò (Lªttma et al., 2016, p. 258). Perceived accessibility is therefore inclined to assess 

peopleôs perception, especially satisfaction. Having referred to its measurement approaches in 2.2.2.5, 

existing methods commonly use quantitative and qualitative data. Accordingly, the measurement tools 

differ in studies based on the methods adopted. Quantitative data are usually obtained from a 

questionnaire survey, in which the questionnaire has been widely used to capture individual 

perceptions on accessing and using parks. These questionnaire data are processed for a series of 

statistical analyses dependent on achieving different research purposes. For example, correlation 

analyses (such as cross-tabulations, Chi-square statistics, ANOVA, etc.) are popularly used for 

detecting factors affecting the perceived accessibility of parks (e.g., Wang et al., 2015; Ode Sang et al., 

2016). Frequently used tools that enable statistical analysis of large amounts of data include Python, 

IBM SPSS Statics, MATLAB, etc. With regards to qualitative data, structured or semi-structured 

interviews are extensively used for their collection, offering a comprehensive understanding of the 

reasons behind findings from quantitative analysis (Justice, 1987; Mao, 2014). For example, 

McCormack et al. (2022) and Huerta and Utomo (2022) adopted qualitative methods for investigating 

barriers affecting accessibility perceived by residents. Analysis methods of these data mainly contain 

inductive methods (including thematic content analysis and narrative analysis) and deductive approach 

(deductive analysis) (Longhofer, Floersch & Hoy, 2012, pp. 46-53). Common software assisting with 

processing and analysing qualitative data includes such as ATLAS/ti, NVIVO, etc (Longhofer, 

Floersch & Hoy, 2012, pp.54-55). 

2.2.4 Developments and Prospects 

Continuing the introduction to measuring methods of UGS accessibility above, each method possesses 

its traits regarding the focus, operating modes, and advantages and disadvantages. For instance: (1) 

traditional minimum proximity methods using distance adding-up as a measure could ignore the 
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characteristics of users (Mu &Yuga, 2019); (2) the container method is concise and explicit to grasp 

its theory and operation, but lacking consideration on the variety of factors of accessibility rather than 

single service radius (Peng & Xu, 2004); (3) the network analysis method, although it adapts accurate 

distance measuring, it depends mostly on accurate data for modelling transport system, of complex 

practicableness (Hao & Xu, 2017); (4) the gravity-based model method can be commonly viewed as 

an integrated way of modelling three components of accessibility all-rounded (Liu & Li, 2010), 

nevertheless, the indicators involved are selected subjectively and non-systematically rest with 

idiographic research topics (Guan & Liu, 2014); (5) the theory and model of the two-step floating 

catchment area (2SFCA) method, as an improved version of the original gravity-based model method, 

was firstly posed by Radke and Mu (2000) and then first refined and designed as a mature model by 

Luo and Wang (2003). 

Nowadays, it has been widely used in the study field of accessibility measurement and facility equity 

evaluations and is constantly optimised with the integration of other models for different applications 

of themes. For example, in facility crowdedness measurement, Wang (2021) introduced the switching-

over steps in the regular 2SFCA method and the Huff model to emphasise the intensity of competition 

for service among demanders. In summary, the 2SFCA method enables the measurement to quantify 

the interrelationship between supply and demand instead of processing them discretely.  

A similar introduction of realistic features to the regular 2SFCA model has been practised in previous 

studies even a lot only in the field of assessments on UGS accessibility (Xing et al., 2018), such as 

enriching modes of road network dataset for adapt-to-reality 2SFCA in the light of transporting system 

(Zhong, Yang & Chen, 2016; Cao, Guo & Zhang, 2022). These measures on engaging diverse 

characteristics of elements in the UGS accessibility measurement resulted in more enhanced functions 

of raw methods and more plasticity of an accessibility evaluation framework. 

As highlighted above, deficiencies in existing UGS accessibility studies remain, including for example 

indicators of park accessibility and a lack of investigation on if a supply-demand imbalance of GI 

allocation exists. Research has proved that people do not always visit their nearest parks, given the 

quality of destinations (Vaughan et al., 2013) and variety of transportation modes (McKenzie, 2014). 

As such population groups who walked to access UGS are more likely to live in areas with significant 

social inequality in Shenzhen, China (Xu et al., 2017). As early as 1994, Fraker et al. suggested that 

walking to parks promised to be a most encouraged mode of transport for the reduction of vehicle trips, 

the enhancement of street utilisation, and the incentivisation of healthy public living. Additionally, 

compared to other transport, walking is the most equitable mode of transport - available to everyone 

(Arellana et al., 2021). Therefore, it can be implicitly equitable for UGSs visitation (Chen, 2013) and 

seen as the ñhighest expression of accessibilityò by Cui et al. (2020, p3) as Kang (2015) stated that the 
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proximity to infrastructures by pedestrians in cities is one of the keys to spatially reinventing the urban 

fabric for the development of New Urbanism. Consequently, walking accessibility of urban parks is 

fundamental to assess the rationality of UGS provision under the context of urban planning and 

environmental justice. 

Moreover, perceived accessibility is stressed significantly, supplementing the accessibility evaluation 

system. It is dominantly affected by the socio-economic characteristics of users through three 

perspectives: (1) time and cost budgets for travelling to UGSs, which can be varied among populations 

(Olsson, Friman & Lªttman, 2021), depending on their work, income, access to cars, household duties 

and so on (Pyrialakou, Gkritza & Fricker, 2016); (2) travel environment, for example, that limited 

metro resources and poor walking environments can restrain perceived accessibility (Tiznado-Aitken 

et al., 2020), among different populations based on their satisfaction with these factors (Friman, 

Lªttman & Olsson, 2020); (3) individual experiences, which affect peopleôs perception on use service 

(UGS), like sense of security and expectations (Van der Vlugt). A systematic understanding of UGSs' 

perceived accessibility, spatial accessibility and their differences in a highly urbanised city with limited 

UGS resources would make implication of more practical and efficient urban planning strategies. 

2.2.5 Summary 

To sum up, accessibility is currently explored from two primary aspects: objective accessibility and 

subjective accessibility. 

The former refers to spatial/ physical accessibility, which is represented at three scales. The first is at 

the micro-scale (traffic-based), where accessibility reflects the performance of the transportation 

system when choosing different transportation modes, different routes or different trip times. The 

second is the individual scale, at which accessibility, interpreted with the space-time geography 

concept, is expressed as the potential paths at the space dimension or the potential activity area at the 

space-time dimension by analysing a mass of empirical peopleôs travel data. The last one is at the 

macro scale (location-based), where accessibility is expressed as the extent of efficiency of 

transmission of the potential opportunities between population and specific land use in the aggregate 

geographic unit, which is commonly indicated as travel time or distance. As for utility-based one, it 

usually explains the accessibility as a selection of the maximum benefits among all possible selections 

at the mixed scale. 

The latter denotes perceived accessibility, which originates from differences in the use and preferences 

of UGS between individuals or specific population groups. There have been systematic systems 

developed for measuring perceived accessibility, such as NEWS, LWI, etc. What these evaluation 

systems have in common is that they contain a range of detailed indicators that describe perceived 
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accessibility in different dimensions. The key to the perceived accessibility measure is the clarity and 

transfer of the evaluation indicators (unbiased understanding by respondents). 

In the actual urban planning process, the study of urban green space accessibility should integrate 

information from residents' perceptions alongside spatial proximity to improve the efficiency of urban 

green space provision and services from both theoretical simulations and public perspectives. 

2.3 Public Usage and Preferences on UGS 

2.3.1 Research on UGSôs use 

Significance 

Urbanisation continues to increase, with 55% of the worldôs population currently living in urban areas 

(United Nations, 2019). This has significant implications for the natural environment around the world 

(Tian et al., 2014; Hartig & Kahn, 2016). As argued above, the role of urban green space (UGS) in 

contributing to both the physical and mental health of humans (for example, helping with chronic 

disease care (Datzmann et al., 2018), reducing the risk of obesity (Ghimire et al., 2017; Manandhar, 

Suksaroj & Rattanapan, 2019; Knobel et al., 2021), alleviating negative emotion (Bratman, 2015), 

reducing physical disease and mental depression (Xie et al., 2018; M¿ller-Riemenschneider et al., 2020) 

and so on), is commonly emphasised and demonstrated by a growing body of evidence. Urban parks 

are a significant element of wider UGS with inherent benefits like those of UGS for humans' physical 

and psychological well-being (Xie et al., 2018; Zhu et al., 2021; Plunz et al., 2019). Therefore, visiting 

parks may be instrumental in affecting human well-being and health. 

Topics 

A wide number of studies have explored factors affecting park visitation in terms of motivations. 

Attributes of UGS, such as quietness, space, facilities and so forth, influence UGS use (Bedimo-Rung, 

Mowen & Cohen, 2015; Van & Wiedemann, 2003). Recent research has identified four attributes- 

namely socio-demographic features, the spatial distribution of residents, individual characteristics and 

park features, which conjointly lead to different park utilisation modes (Wang et al., 2021; Liu et al., 

2017). For example, the transportation mode is identified as being related to park use (Wang et al., 

2021; Liu et al., 2017; Azagew & Worku, 2020; Zhang & Zhou, 2018). Reasons for visiting parks 

predominantly include relaxation, exercise, socialisation and companionship with children (Wang et 

al., 2021; Liu et al., 2017; Gundersen et al., 2015; Gibson, 2018; Vierikko et al., 2020; Dinda & Ghosh, 

2021). Environmental features like quietness and landscape beauty within parks are proven to 

encourage some people to use the parks. However, the extent of such motivation could be diverse in 
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population groups. For example, rich and older people are shown especially fancying national forest 

parks in Portuguese (Pinto, Ferreira & Pereira, 2021). 

As mentioned above, except for physical opportunities offered by UGS (spatial proximity, 

infrastructure and scenery in UGSs, etc.), preference/ orientation for patterns of visiting parks also 

varies by different population groups of users (Lin et al., 2014), such as age (Wang et al., 2021; Liu et 

al., 2017), income level (Wang et al., 2015; Marquet et al., 2019), education (Gu, Li & Chand, 2020) 

and gender (Maller et al., 2006). These disparities infer the difficulty in identifying uniform critical 

indicators for predicting UGS use (Maruani & Amit-Cohen, 2007; Schipperijin et al., 2010). In 

addition, differences in a cultural context and individual experiences may also determine, to some 

extent, the habits and preferences of certain groups for UGS use (Fischer et al., 2018; Flower, Freeman 

& Gladwell, 2016). As a result, there has been much-related research. However, their findings about 

the same factors affecting park visits are not always consistent. Furthermore, although numerous 

studies have explored the factors affecting park visitation, they were commonly undertaken using only 

a few selected parks as case studies (Scopelliti et al., 2012; ¥zg¿ner, 2011). Thus, therefore, they do 

not necessarily provide a comprehensive picture of park usage at the city scale.  

In terms of inequity between populations, although the true equity of UGS supply is unrealistic given 

changes in geography and environment (Chen et al., 2020), justice for society and region is the ultimate 

goal of planning UGS in cities (Van Den Berg et al., 2007). Therefore, many studies have continued 

to substantiate disparities in access to urban green across different socio-economic groups (Blandy & 

Lister, 2005), the issue of whether urban green spaces, as public infrastructure, provide equity for the 

masses has been the focus of urban research in recent years (Chen et al., 2020; Wu & Kim, 2021). 

Before this, constructing a spatially uniform and sufficient distribution of the amount of urban green 

space was an essential way to achieve green justice. However, as scholars increasingly recognise that 

individual social differences impose constraints on the use of urban green spaces, such as the difficulty 

for low-income people to afford housing proximate to green spaces (Dai, 2011), the valuation, planning 

and design of urban green spaces are given an updated examination. Moreover, beyond the quantity of 

UGS accessed by people, the quality of parks perceived by individuals can impact their health benefits 

from green spaces (Brindley et al., 2019). Combined with preferences of UGS visits differing by 

population groups, it consequently requires the realisation of differentiated values for urban green 

spaces that are tailored to the use characteristics and preferences of different social demographics 

(Anguelovski, 2016; Rutt & Gulstrud, 2016). 

Whilst there is an increasing body of research exploring the diverse factors affecting the use of UGS 

and visiting preferences, such research is predominantly based on analysis of a small number of 

selected parks, in contrast to a comprehensive analysis across all parks within a city. Therefore, such 
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knowledge of the variations in park uses and visiting preferences of different visitor groups remains 

understudied. Additionally, existing current academic research primarily investigated the effects of 

transport modes on park visitation, which identified walking as the dominant transport mode 

influencing usersô visiting behaviour. Therefore, as such, additional research needs to be undertaken 

on how preferences of and park usage by pedestrians across different population groups. This is needed 

to inform planning and improvement schemes aimed at meeting the demand for parks within suitable 

walking distance. 

2.3.2 Status quo of UGS in China 

China is a highly urbanised country encountering a severe loss of natural environments, which has 

caused uneven access to UGS within cities (Wu et al., 2020). After the ñOpen Doorò Policy, with the 

land reform launched in 1987 (Cheng & Masser, 2003), China would have witnessed a 50% growth 

rate in urban population by the end of 2020 (Tian et al., 2005). A study on a Chinese city (Kunming) 

confirms the expansion of urban areas at the cost of reducing green space, especially forest land and 

agricultural land (Zhou & Wang, 2011). An investigation on urban green coverage changes in 30 major 

Chinese cities uncovered that over half of the vegetation was removed for 20 years (1990 to 2010) and 

turned into other land use types (buildings or roads) (Yang et al., 2014). An exhaustive understanding 

of the factors influencing park usage could offer planners scientific foundations to improve the 

efficiency of the provision of green space. This is especially true considering the challenge of exploring 

areas for new UGSs in a heavily urbanised city, considering the high cost of land and limited land 

resources (Haaland & van den Bosch, 2015).  

As a result, in China, people have been suffering from the loss of green spaces and, accordingly, 

wellbeing problems caused by the pressure from high speed and great urbanisation on the natural 

environment in cities (Xu et al., 2010). Having recognised the significance of UGSs in urban areas, 

several targeted urban green space planning and design projects have been set up to protect the quality 

of life of residents as part of the urban development process (Erickson, 2006), for example, in China: 

a series of comprehensive GS planning strategies for Beijing city areas proposed by Li et al. (2005); 

planning on the development of greenways in Xiamen suggested by Zhang and Wang (2006); a 

greening plan for landscape ecosystem development in Nanjing explored by Jim and Chen (2003). 

Regarding access to UGS in China, it has been widely investigated by scholars, with similar 

importance as that in other developed areas such as Western Europe, the US and Australia, in that 

rendered their pressing needs for UGS by the rapid urbanisation (Wei, 2017; Wendel, Zarger & 

Mihelcic, 2012). There is currently a regional development imbalance in China, not only evident in 

economic development (e.g., income levels) but also in inequities in welfare (e.g., education, 



36 

 

36 

 

healthcare, environmental resources, etc.) (Li et al., 2017). Disparities in access to UGS due to 

ethnicity are not common in China at the city scale. However, other factors, such as socio-economic 

factors (e.g., income), land supply characteristics, etc., have a positive or negative impact on the 

relative equity of services delivered to residents by UGS (Chen & Hu, 2015). Based on reviewing the 

literature on current global access to UGSs and having acknowledged the regional differences in UGS 

provision in China (Li et al., 2018), Sun et al. (2022) suggest that studies on the accessibility of parks 

in China should further explore its relation with its variation among socio-economic groups, which 

can contribute to examine impact factors of accessing UGS and as so to designate effective policies 

for alleviating population inequity in the supply of UGSs (Li et al., 2021).  

Guangzhou, the largest city in southern China (Zhang et al., 2020), is pursuing an ambitious plan for 

providing new UGSs. Together with Shanghai and Nanjing, Guangzhou is found to be the typical city 

with a relatively low ratio of UGS in old city districts (to total UGS areas) among the other 30 

provincial capital cities of China (Yang et al., 2014). Moreover, it also indicates that Guangzhou 

performs first and third most outstanding in terms of green area per capita, but with not enough green 

coverage rate of less than 15 per cent (compared with the highest one of 30% in Xining city) among 

30 cities in China (Song et al., 2018).  

Accordingly, special planning of park construction and protection in Guangzhou (2017ï2035) was 

announced in 2018, suggesting that 500 city street gardens and 27 new parks are to be constructed by 

2025 in Guangzhou. Specifically, according to the Guangdong Provincial Bureau of Statistics (2017), 

Guangzhouôs green space per capita increased by 9.95 square metres over five years (2010 to 2015). 

The latest year, 2022, witnessed the construction of 32 kilometres of greenways and 52 óPocket Parksô 

(a street green with a small footprint but with the nature and function of a UGS) (Bureau of Forestry 

and Landscaping of Guangzhou Municipality, 2023). By the end of 2021, Guangzhouôs parks had a 

green space area of 148,540 hectares and 17.2 square metres of green space per capita (Guangzhou 

Bureau of Statistics, 2022). Compared with the works by Guangzhou municipality in 2016, at which 

time it concentrated on improving amount of UGSs, with 3,000 kilometres of new greenways and 49 

new parks (including comprehensive park, forest park, and wetland park) in plan to be built (Bureau 

of Forestry and Landscaping of Guangzhou Municipality, 2016), it can be striking to note that the 

current development of urban green spaces has made it difficult to make significant quantitative 

progress due to the limited availability of urban land.  

Therefore, a more comprehensive understanding of visitations to parks by residents is required to 

inform planners and local authorities of rational criteria for the planning of new parks and in order to 

improve the visiting experience and efficiency of UGS. Shan (2014) analysed green space use in 

Guangzhou, highlighting that walking was the most dominant transport mode, encouraging people to 
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undertake frequent visitations to UGSs. Likewise, Zhan et al. (2021) found that good access to parks 

within suitable walking distance generally attracted users due to their daily exercise routines. 

Additionally, the attractiveness of parks might be reflected by an individualôs visiting behaviour 

(Biernacka, Kronenberg & Edyta, 2020), influencing park use (Zhan et al., 2021; McCormack et al., 

2010). 

2.3.3 Research Methods 

There is a diversity of approaches to understanding UGS use and perceptions, being primarily regarded 

as two dimensions: the human-economic aspect and the data-driven aspect (Pinto, Ferreira & Pereira, 

2021). At the human-economic dimension, the classic methods are mostly adopted (introduced in 

2.3.3.1 below). From the data-driven aspect, the big-data approaches are dominant (described in 2.3.3.2 

below). 

2.3.3.1 The classic approaches 

Since years ago, several studies have used questionnaires, semi-structured personal interviews in the 

field, and field observations of subjects (Wright Wendel, Zarger & Mihelcic, 2012; Sanesi & Chiarello, 

2006) to collect quantitative and qualitative data on peopleôs actual use and subjective perception of 

UGSs, which can subsequently be translated into accurate and in-depth information (Park, 2017) for 

understanding the use and preferences of UGS in a place. 

Of these classic research approaches, the questionnaire survey plays a significant role in survey 

methods used for academics collecting quantitative and qualitative data in diverse studies. Traditional 

means of conducting questionnaire surveying include face-to-face, telephone, and offline 

questionnaires (e.g., mail-in surveys) (Regmi et al., 2016). With the rapid development and penetration 

of the internet, the online data collection method is gradually emerging and accepted by many scholars 

for implementing research surveys, including online questionnaires, online focus-group (Stewart & 

Williams, 2005; Wettergren et al., 2016), and other novel developed online tools (e.g., PsyToolki (Stoet, 

2017)) to collect data. As early as the 1990s, Beebe et al. (1997) and Rosenfeld, Booth-Kewley, and 

Edwards (1993) mentioned that online survey methods could simplify the work of interviewers, speed 

up the data processing process, and reduce survey costs. Joel and Anil (2018) also added that online 

surveys are flexible in the way questionnaires are collected, detailly that diverse online platforms have 

been developed as the integrated technical support for the creation, distribution, proliferation and 

collection of questionnaires. It also diversifies the format of the questions. They also specified that the 

excellent accessibility of potential respondents is one of the vital traits of online questionnaires. It 

implies its ease of obtaining a large sample over traditional mail or telephone surveys of the same 

volume.  
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A questionnaire survey was commonly used in many studies around exploring UGS usage and 

preferences. For example, Zhang et al. (2013) used a paper-based questionnaire to investigate visitors 

in nine selected UGSs to understand the relationship between people's willingness to engage in 

recreational activities in UGSs and the socioeconomic characteristics of the population. More recently, 

Ling and Jim (2022) used street surveys with questionnaires to investigate the effect of specific factors 

affecting Urban greenery demands. Many similar studies using questionnaires are well documented in 

the literature review and will not be described further here. These surveys in many studies on UGSs 

enable confirmation that different social contexts shaped by demographic factors and socioeconomic 

characteristics of the population must have an impact on UGS usage (Zhang et al., 2015). Advanced 

tools are also used for collecting survey data, among which Public Participation GIS technics are the 

common ones that attach information of participants and their perceptions in surveys straightforward 

to specified UGSs, achieving integration of spatial and feature data. (Ives et al., 2017; Brown, Rhodes 

& Dade, 2018). Since the existing studies could demonstrate the feasibility of obtaining data from 

questionnaires for investigating UGS use and the accuracy and validity of the data for analysis results. 

These traditional methods rely on direct or indirect contact with people, and the information obtained 

enables detailed demographic and socio-cultural characteristics of the participants to be covered. As 

the information obtained through these methods is pre-structured, aiming at answers to defined 

questions, it is easier for interpretation and analysis to follow. Their drawbacks are, above all, the 

difficulty of standardising the applicability of the specific methods used on different sites during 

implementation and their time-consuming and labour-intensive nature (Guo et al., 2022). Second, the 

representativeness of participants for the population can be constrained by the sample size due to the 

Unimpressive practicability of these methods (Chen et al., 2018). Consequently, a holistic perspective 

on the publicôs use and perception of urban green spaces may be difficult to achieve through traditional 

methods (Maxwell, 2012). 

2.3.3.2 The big data approaches 

With the prevalence of the internet and the developed techniques of computers and cell phones since 

the 2000s, the Special Issue in Nature (2008) carried out a big data project supported by a system with 

vast information and software (Shahriari et al., 2016). Since then, researchers have used big data in a 

wide range of research areas, among them urban green space research, involving data such as mobile 

phone signalling data, social media data, online map data, Public Participation Geographic Information 

System (PPGIS) data, etc. Mobile signalling data is featured with the sensitivity of obtaining spatial 

location and social network of people, taking advantage of the GPS and signal base stations (Xiao, 

Wang & Fang, 2019). Recent years have witnessed several applications of mobile phone data on 
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studies of UGS accessibility or use in different cities of China (see Guo et al. (2019), Xiao, Wang and 

Fang (2019), Gao et al. (2019) for example).  

Social media is the strength of its variety of information, including tags with geographical locations, 

timestamps, comments, user profiles, etc., which have engaged populations of different nationalities 

and socio-demographic characteristics since the 2000s (Lenhart et al., 2010). Its popularity, hence, has 

contributed to the ability of its comprehensive description of UGS use from multiple perceptions 

(Minin, Tenkanen & Tojyonen, 2015). In addition, the complete timeline attribute and individual 

detailed discovery at subjective and objective levels in their daily blogs recorded within social media 

provide new perspectives for exploring public perceptions of UGS use and preferences (Hamstead et 

al., 2018; Shen, Sun & Che, 2017). For example, Donahue et al. (2018) obtained short blogs from 

Twitter and Flickr with photos and feelings about visits to parks to investigate the encouraging factors 

that positively affect the frequency of user visitations to parks. 

The third type of big data commonly used for UGS research is map data, such as OSM, Baidu map (in 

China), and remote sensing (RS) satellite image data. Although these map platforms, consisting of 

spatial information such as Points of Interest (POI), density maps (e.g., population, vegetation), route 

maps and so on, enable offer objective conditions within and surrounding UGSs for UGSs service 

assessment (Guo et al., 2022), these analyses with single spatial features are difficult to detect 

differences among parks (Dai et al., 2019). As a result, in numerous studies on UGS use, they are 

typically employed in combination with the two previous approaches (mobile phone data and social 

platform records) (Guo et al., 2022), supplemented by their geo-specific data, allowing for quantitative 

features and objectivity in the assessment (Liu, Huang & Yang, 2021). For instance, Li et al. (2020) 

used multiple forms of big data, including map data (POI data and RS data) and check-in visit records 

from the Weibo social media platform, to demonstrate the effect of features of parks (attributes, 

accessibility and socioeconomic surroundings) on public visitations. 

In summary, the big data approach has three advantages. Firstly, it facilitates easy access to geospatial 

data at different space and time scales with meagre time and expense costs (Liu et al., 2018; Song et 

al., 2018). Secondly, the flexible access to personal and event-based geo-information data, supported 

by the rise and popularity of social media and mobile phone technology, creates more opportunities 

for UGS place-based and/or infrastructure-based physically calculated accessibility methods; in other 

words, it serves as a credible and novel source of mass data for investigating UGS accessibility upon 

public perception level. (Kubo et al., 2020; Neutens et al., 2010; Guo et al., 2022). However, these big 

data also pointed out drawbacks in lacking accuracy of coordinates, interpretations for individual 

comments, and covered populations (Chen et al., 2018; Plunz et al., 2019; Guo et al., 2022). Taking 

the bias of understanding peopleôs keywords, for example, it comes from non-systematic information 
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captured via user-day data and comments on social media, in which individual perceptions are, for 

example, collected with words ñrelicsò, ñSwimmingò, ñwalkingò, etc. for expressing their perceived 

cultural services of parks (Dai et al., 2009). To deal with the pros and cons between extensive data 

methods and classic methods, researchers have made a combination of them to utilise the advantages 

of both. For example, Hobbs et al. (2018) combined POI and distribution of parks from OSM and 

questionnaire survey data. 

Therefore, ongoing and further directions for researching UGS use should introduce the integration of 

different types of big data and traditional data (Guo et al., 2022). The combination of kinds of big data 

can improve the accuracy of both spatial attributes and public perceptions (where, when, why, and 

how) of UGS use and personal information (Heikinheimo et al., 2020). Data collected by conventional 

methods can get in-depth information from user perspectives and enable different demographic groups 

involved (Cheng et al., 2021; Guo et al., 2022). 

2.3.4 Summary 

UGS is one of the most important urban natural resources. The use and preference of people for UGS 

is a practical guide to its rational design and planning. Several studies have identified differences and 

correlations in the preferences and perceptions of UGS among people with different socio-cultural 

characteristics. These differences suggest that the provision of UGS should be tailored to the different 

user groups in terms of, for example, functionality and aesthetics to improve the efficiency of UGS 

services. At the same time, the correlation between the socio-economic characteristics of the 

population and particular usage preferences helps design planners to identify the specific needs of 

particular groups. 

2.4 Comparisons of UGSôs Accessibility and Usage 

2.4.1 Between measuring methods for UGS accessibility 

Different models 

The measurement of park accessibility of residents has become a key issue in improving public health 

and physical activities. Accessibility of parks can be seen as a quantified expression revealing how 

much time, physical power and ócostsô people are willing to pay for visiting parks (Wang et al., 2015). 

Accessibility is closely related to the distribution of parks, the surrounding land use and the distribution 

of the population (Oh & Jeong, 2007). There has been a diversity of methods modelling spatial 

accessibility of UGS in existing studies with distinctive merits and demerits, as discussed in section 
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2.2.2, among which gravity models of location-based methods are widely recognised for measuring 

the accessibility of a specific form of the service area. 

Although various approaches for modelling UGS spatial accessibility have developed, a key question 

remains how to more appropriately analyse UGS accessibility, as it can significantly affect a studyôs 

output (Mears & Brindley, 2019). When measuring park accessibility at the city scale, the most 

common approach utilises buffer analysis within a Geographic Information System (GIS), whereby 

the buffer represents the distance regarding walking time. For example, West, Chum and PôCampo 

(2015) set a 10-minute walking distance for analysing the correlation between park quantity and risks 

of cardiovascular disease. Whilst variants of the simple buffer approach exist, there is the two-step 

floating catchment area (2SFCA) method, first proposed by Radke and Mu (2000) and subsequently 

followed by the enhanced two-step floating catchment area (E2SFCA) (Luo & Qi, 2009) and three-

step floating catchment area (3SFCA) (Wan, Zou & Sternberg, 2012). Within different models, various 

composite indicators represent the attractiveness of parks used for quantifying accessibility from a 

quality dimension (Stessens et al., 2017; Biernacka et al., 2020). 

Common issues of these prevailing gravity-based models can be how to judge the scale of opportunities 

to population, as this process requires determination and quantification of attractiveness characteristics 

of the demands and individual willingness and preference for their use (Pot, van Wee & Tillema, 2021). 

In other words, the choice of destinations relating to both physical proximity and attractiveness of the 

destination towards people would be difficult to decide and compute as numbers due to their variation 

by peopleôs perception. Some studies have made efforts to redress it by developing perception-based 

travel time impedance decay functions in location-based accessibility models, for example, filtering 

out satisfied journeys (Chaloux et al., 2019), coding distances by types of destinations (Mart²nez & 

Viegas, 2013), structuring discrete accessible zones based on their surrounding different environmental 

and socio-demographical factors (Guimpert & Hurtubia, 2018). 

Though models and the indicators encompassed are intensively examined in accessibility measurement 

research, there has been little research comparing the effects of different regular approaches for 

modelling UGS accessibility. 

Different distance measurements 

Distance (or travelling time) is a critical factor influencing people accessing parks (Van & Wiedemann, 

2003), so distance measurement is the core of modelling spatial accessibility. Methods of measuring 

distance (or travelling time) in UGS accessibility models can be summarised into three categories: (1) 

spatial proximity methods, measuring the distance from residents to the nearest UGS, using linear 

distance or network distance (Comber, Brunsdon & Green, 2008); (2) container methods, counting 
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number or area of UGSs within a predefined distance from residents to nearby UGSs (Dadashpoor, 

Rostami & Alizadeh, 2016); (3) coverage methods, based on the last category, computing the supply-

demand ratio of reachable UGSs to populations. All these methods are based on distance measurement 

as a refinement. 

There are two modes of distance measurement: Euclidean distance (i.e., straight line distance) and road 

network distance. Euclidean distance is usually seen in service maps by conducting buffer zones 

(Dadashpoor, Rostami & Alizadeh, 2016), kernel density areas (Weiss et al., 2011), Thiessen polygons 

(Ren & Wang, 2021) etc. 

Besides, barriers are vital for measuring UGS spatial accessibility, which is related to the physical 

blocking of space caused by buildings, fences, etc. (Park, 2017; Biernacka & Kronenberg, 2019). 

Based on this realistic issue, road network distance is adopted in assessing the impedance of accessing 

UGS for building a more rational model (Zhang, Lu & Holt, 2011; Xiao et al., 2017). Apart from 

network distance analysis used in spatial proximity methods, it can be incorporated with other UGS 

spatial accessibility models, for example, the regular buffer method, 2SFCA (Wang, Wei & Ao, 2022), 

3SFCA and so on. 

Travel time is also used in accessibility models for considering the actual transport condition in the 

temporal dimension by adopting big-data methods, such as travel time simulation (Gang et al., 2016), 

community travel time (Xu et al., 2017), online map API (Wang, Wei & Ao, 2022) and so on. 

By testing both Euclidean distance and network distance in assessing the accessibility of urban parks 

under three transport modes, Li et al. (2019) state that Euclidean distance would overestimate the 

driving distance while barely differing from walking and bicycling distance. It emphasises the 

significance of distance measurementôs impact on accessibility assessment. 

Different perspectives 

Furthermore, fundamentally, it is unlikely that all people will decide to visit the nearest park (Tan et 

al., 2022) or have the same willingness to travel, and therefore, different groupsô preference for time 

costs on travelling to a park requires further attention. Different types of services require different 

perspectives of enhanced factors for improvement. Wan et al. (2012) claimed that the regular 2SFCA 

method could overestimate the accessibility of healthcare by calculating demand more than the actual. 

They conducted a 3SFCA model to take the competition factor from the other service points into 

consideration as a competition weight. This research object is healthcare resources, whose competition 

was embodied by the ratio of the hospitalôs physician resources to the nearby population and the 

ñtravel-time-based competitionò (Wan et al., 2012, p.1078). As for accessibility evaluation on other 
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public resources, the factors introduced within a component of an enhanced accessibility model vary 

in study scopes. Despite that, multiple indicators have been validated in UGS accessibility models to 

strengthen the authenticity; these models are mainly constructed under spatial proximity texture. 

As explained above (in 2.2.1.1 and 2.2.2.5), UGS use impacted by the perception of people becomes 

a growing concern for scholars. This trend contributes to integrating physical and psychological factors 

to facilitate the refinement of accessibility assessment models. Wan, Shen and Choi (2020) explained 

the significance of how factors of these two perspectives affect individuals visiting urban parks, where 

accessibility is tested as a psychological factor for its impact on urban park use. The outcome 

underlines perceived accessibility as its determinant of park use and behaviours regarding health 

benefits, with the greatest robustness followed by place-based memories ranking second. 

Li, Md. Dali and Nordin (2013) believe that the priority of urban planning policy aiming at UGS update 

should follow residential needs rather than being merely impelled by objective factors (road attributes, 

quality and amount of UGS, proximity, etc.), emphasising the equivalent importance of perception. In 

summary, both the quantity and quality of parks provision for people and their perceptions of UGS use 

shaped by complex psychological factors (safety, experience, satisfaction etc.) are critical for their use 

pattern of UGS (Morris, Dumble & Wigan, 1979; Wang et al., 2023). Having been aware of two 

primary dimensions for assessing access to UGS, some studies pay attention to disparity or similarity 

between calculated accessibility from these two different aspects. For example, El Murr, Boisjoly, and 

Waygood (2023) confirm the mismatch between park accessibility assessed in spatial proximity and 

perception dimensions using a case study in Montreal. This spatial proximity perspective included 

three physical elements: the number of accessible parks, the area of accessible parks and park attributes 

that are represented by an index (ñCombine Index of Parks Quality and Accessibility for Youthò). 

After gaining an understanding of many similar studies comparing two dimensions of accessibility 

measurement, three main issues can be summarised: 1) The indicators used for spatial accessibility 

lack uniformity and involve assumptions (Pot, van Wee & Tillema, 2021) (especially when 

incorporating the attractiveness of parks into the model by using several different park attributes to 

obtain the so-called indices). This somewhat undermines the objectivity of spatial accessibility 

assessments and inclines towards subjective measures of accessibility that may confound comparative 

results; 2) Few studies investigated the impact of some physical environment factors (seasons, culture, 

transport modes, etc.) in spatial modelled accessibility (El Murr, Boisjoly & Waygood, 2023) on 

mismatching with perceived accessibility. 3) Comparisons of different approaches to computational 

modelling of accessibility in the spatial dimension have rarely explored their implications for perceived 

accessibility. 
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2.4.2 Between different contexts of UGS use and preferences 

In recent years, with the growth of the worldôs population living in urban areas, there has been 

increasing interest in providing UGS by scholars worldwide (Gradinaru et al., 2023). Given continued 

urbanisation, there is an increasingly important role for UGS strategies in different countries to be 

continually redesigned in order to maintain sustainable development (Guan et al., 2023; Lahtinen, 

Salonen & Toivonen, 2013) and equity in UGS provision (Areola, 2022). For example, UGS is 

considered the cornerstone for achieving the United Nations Sustainable Development Goals (SDGs) 

2030 (Hyder & Haque, 2022). Therefore, there remains a strong interest in investigating the scientific 

underpinning and strategic planning of UGS to achieve sustainable policies of urban development in 

both Western and Eastern countries, such as the green space planning strategies conducted in the capital 

of China (Li et al., 2005), the sustainable green development in Indonesia suggested by Susila Adiyanta 

(2020), the carbon footprint of UGS as a life cycle approach in a city of Germany proposed by 

Strohbach, Arnold and Haase (2012), and so on. 

In the background of patterns of park visitation correlating with different population groups of visitors 

such as age and income level (Clarke & Nieuwenhuijsen, 2009) or gender, inconsistent messages have 

also been identified within existing UGS research in different countries ï which in part may be a 

reflection in the variations of focus topics, objectives, and methodologies. For example, in terms of 

the association between the age of visitors and the frequency of visits, numerous studies observed that 

younger people tend to visit parks more frequently than older groups in Malaysia (Sreetheran, 2017), 

Latin America (Wright Wendel et al., 2012), and Korea (Lee & Kim, 2015). In contrast, however, 

studies in the US by Godbey, Graefe and James (1992) and in China by Shan (2014b) and Wong (2009) 

demonstrated the opposite message - with older groups apparently visiting parks more frequently than 

from other age groups. 

In addition to the different results acknowledged between study areas in the examples above, several 

studies identified variations in park use and preferences between different ethnic groups within the 

same country. Gobster (2002) found evidence of a deficiency in visits and longer trips to UGSs for 

ethnic minorities, compared to people of white ethnicity, in a survey in the United States. Similarly, 

Dai (2011) also discovered that in the USA, African Americans used green spaces less frequently. A 

study by Egerer et al. (2019) in Australia identified that ethnic groups that were non-native English 

speakers favoured community gardens rather than other types of UGSs.  

These relevant studies confirm that the social context, shaped by a combination of demographic 

characteristics and the socioeconomic environment, can lead to different usage patterns and 

preferences for UGSs (Sanesi & Chiarello, 2006; Wright Wende et al.,2012; Jim & Shan, 2013; 
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Schipperijin et al., 2010). As claimed by Ord·¶ez-Barona (2017), places across the world possess a 

diversity of ethnic and cultural backgrounds, and given the growth in our urban populations, 

necessitates aligning priorities to correspond to populationsô demands in construction (Chiesura, 2004) 

and improvement (Buriayidi, 2015) of UGS.  

A few studies have conducted cross-cultural comparative studies of UGS use and preferences in search 

of UGS planning strategies that can achieve universality in a global view. Several studies compare 

preferences for UGS features or use patterns among residents in different European countries; for 

example, Bertram and Katrin (2015) conducted four case studies in four European cities (Berlin, 

Stockholm, Rotterdam, and Salzburg), exhausting residentsô perceptions on ecosystem services 

features of one most famous urban park in each city. Their findings reveal similar preferences for 

activities and characteristics (e.g., neatness, naturalness, etc.) of parks in four cities, whilst use patterns 

(e.g., frequency of visits) vary. However, the validity of outcomes can be somewhat restrained by 

predefined research objects (urban parks) in each city. Another study aiming at the most used UGS 

identifies discrepancies in travel patterns (actual travelled distance) to UGS in three European cities 

(Brussels, Rouen and Luxembourg), corroborating a heterogeneity of spatial patterns of residentsô 

journeys to parks despite their cities being under similar cultural contexts (Schindler, Le Texier, and 

Garuso 2022). It points out the need to distinguish the effect of transport mode UGS use pattern for 

further research. 

The lens of East-West differences has also captured research interest. For instance, Huai and Van de 

Voorde (2022) adapted big data from social media in two cities, China and Belgium respectively, to 

research environmental features affecting usersô perception of parks, indicating a positive impact of 

the existence of water bodies and colourfulness in parks on usersô enjoying the park in China, and a 

positive correlation between tranquillity and how people enjoy using parks in Belgium. Similarly, 

another study in an Asian country, Singapore, also points out the importance of environmental colours 

in choosing scenery (Khew, Yokohari & Tanaka, 2014). However, the perceived crowdedness was 

proven to have a positive effect on peopleôs frequent use and enjoyable experiences, which can be led 

by different perceptions of the crowdedness of some user groups (Huai & Van de Voorde, 2022). This 

seems to respond to another hot topic that has been endemic in Western countriesô research on park 

use, the impact of insecurity and fear of crime in parks on their use, which is a rare subject in Asian 

contexts (Boessen & Hipp, 2018; Sreetheran & van den Bosch, 2014). 

Some research on UGS provision and use patterns from a global view provides cross-cultural cases, 

for example, a literature review on UGS use in the global south (Rigolon et al., 2018), a relatively 

comprehensive investigation covering 98 countries around the world (Geng et al., 2021), a literature 

review on access to UGS comparing 49 empirical studies around the world (Sun et al., 2022), and so 
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on. These studies jointly confirm that although consistency happens for several facts (e.g., the higher 

SES of residents, the higher quality of and the closer to reachable UGS (Ye, Hu & Li, 2018)), the 

inconsistency (contrary: e.g., the lower SES of residents, the closer to UGS (Rigolon, 2016)) is usually 

inevitable, accounting for different ethnic background, socio-cultural contexts, and geographical 

location. 

Gathering empirical evidence on how landscape perceptions and preferences differ in the context of 

cultural differences can contribute to a thorough understanding of how landscape features influence 

landscape perceptions, enhancing the general applicability and culturally driven sensitivity of research 

findings (Swapan, Iftekar & Li, 2017). Therefore, more comparison studies on preference and use of 

UGS in distinct socio-cultural contexts are constantly needed to enrich this empirical database with 

details of indicators facilitating improvements in specific countries or cities (Li, Md. Dali & Nordin, 

2023), which enable urban planners, policymakers, and designers sharpen their discernment between 

the universal and the local, thereby boosting the applicability of the guidelines. 

2.4.3 Summary 

Regarding critical concerns about UGS by both citizens and professionals, its involved scope 

essentially refers to access to UGS, use patterns of UGS, and perceptions or preferences on UGS. 

First, UGS accessibility is demonstrated commonly subject to used models, distance measuring 

approaches, and assessment perspectives. Evaluation outcomes of how people access UGS vary 

between diverse modelling methods (e.g., container, proximity, 2SFCA, etc.), different distance 

measures (e.g., straight-linear distance, road network distance, etc.), and multiple dimensions (e.g., 

spatial versus perceived, political versus user-oriented, etc.) in analyses. The former one relates to 

model technique (the modified model such as E2SFCA, 3SFCA, etc.), and the latter two pertain to 

empirical examining results (determining influence factors) and its incorporation into the model 

(quantifying into indicators). A comparison study of multiple synthetic approaches using these 

different elements can augment planners with benchmarks for improving accessibility modelling. 

Second, UGSôs use and preferences are very relevant to the contexts of users/ non-users, including 

socio-culture, ethnicity, demographic characteristics, memories, attitudes and so on. Reviewing the 

available research, differences and similarities can be represented across countries, which, although 

less frequent, are nonetheless inconsistent across studies. This empirical data, acting as a knowledge 

base, requires continuous expansion to inform urban green space planning and design strategies in 

different regions, thus making plans and designs location-based to meet the needs of local communities 

fully. 
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Chapter 3 Research Methodology 

This chapter first outlines the overall research framework before addressing the more specific details 

of the methods used in the analysis of the case study. It is important to understand how the 

methodological structure fits into the whole scope of this research. Additionally, it enables an 

explanation of the methodology with research objectives to fill the identified research gaps and answer 

the specific research questions. 

The second part of this chapter includes discussions about the rationale and theoretical backgrounds 

for the application of the methods. It is followed by an explanation of the research design including 

the case study area and methodological strategies for each element of this work (modules). At the end 

of this chapter, is a description of data and their processing, for the two main types of datasets in this 

research (questionnaire data and geographical datasets). 

3.1 The Research Methodology Framework 

As explained in Chapter 1, this research aims to address the research gap where the realistic usage of 

UGS could, to some extent, reflect the factors leading to the potential differences between the public 

perceived and the modelled accessibility of UGS. This can help optimise planning and design for UGS 

in high-density cities, resulting in efficient and high-quality UGS. 

To achieve the main aim, there are three sub-aims highlighted: 

1) Understanding the possible differences between spatial accessibility and public-perceived 

accessibility. 

2) Gaining empirical and statistical insight into public usage and preferences for UGS varying with 

different socio-demographic characteristics. 

3) Exploring methods of optimising the accessibility modelling of UGS to correspond to reality in the 

aspect of public perception and preference. 

In order to implement the realisation of each sub-aim, the following eight objectives were identified 

(also in the flowchart in Figure 3-1): 

(1a) To analyse the spatial walking accessibility and the actual walking accessibility perceived by 

people of UGS. 
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(1b) To identify the regions lacking a sense of proximity to UGS from spatial concepts/modelling and 

public perception. 

(1c) To assess to what extent a possible disparity exists between modelled accessibility and public 

perceived accessibility; To seek potential missing factors leading to the disparities in spatial 

accessibility from public-perceived accessibility. 

(2a) To explore UGSôs usage and visiting preferences in the case study area and to evaluate their 

relationships with regional socio-demographic characteristics. 

(2b) To summarise the motivations and barriers in walking to visit UGS and their different importance 

for different groups of visitors. 

(3a) To discuss the similarities and differences of UGS usage and preferences from different 

backgrounds, analysing a survey in the UK compared with this researchôs results. 

(3b) To examine the extent that diverse modelling approaches and distance measurements affect the 

analysis results of spatial accessibility of UGS. 

(3c) To investigate the possible correlation of peopleôs travelling time to UGS with different population 

groups (depending on the analysis result in (2b)) and to apply it to modelling spatial accessibility 

in light of regional population composition incorporating UGS preference. 

These objectives were included in three modules and constituted the overall research framework (see 

Figure 3-1 below). It was built up to depict the whole process and sort the methodological logic 

structure of this research. This framework contains three modules: 

1) Module 1 named óIdentifying the differencesô between spatial and perceived accessibility; 

2) Module 2 named óExploring the realityô- of usage and preference of UGS;  

3) Module 3 named óApplying differencesô- into improvements, including two comparison studies. 

The three modules were designed for realising three sub-aims as interpreted above. 
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Figure 3-1 Methodological framework of the whole research process. 

Module 1, Identifying Differences, primarily aims to assess the spatial accessibility and public 

perceived accessibility of UGS and the differences between them, adopting a case study method with 

spatial analysis approaches. Combined with information about multiple UGSs from the questionnaire, 

it also analysed and discussed factors influencing realistic UGS walking accessibility based on public 

view rather than spatial proximity modelling. 
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(1a) Modelling spatial accessibility of UGS is an essential method for reflecting the UGSôs allocation 

for people, in which supply, demand, and transportation can be taken into consideration about 

their interrelationships for the final evaluation. Assessing the spatial accessibility of UGS, the 

analysis result could contribute to awareness of the spatial provision of UGS in the case study 

area with levels and indicating vulnerable regions lacking proximity to UGS. 

(1b) Due to the increasing complexity of the dynamic relationship between human and natural 

environmental systems, the effect of individual perception and preferences (instead of just the 

closeness in the spatial dimension) on UGS usage plays a more critical role in revealing the 

complete picture of UGSôs accessibility. Public perceived accessibility enables bringing the 

micro-scale individual perception and preferences into concept connotation and evaluation 

system, critically supplementing spatial accessibility. Applying a questionnaire method, this 

assessment of the perceived accessibility of UGS was mapped with levels showing the overall 

perception of accessing UGS by residents in the case study area. 

(1c) Exploration of UGSôs accessibility in spatial and individual perception dimensions (where 

underlying differences exist) could highlight deficiencies in applying influencing factors about 

human needs in the UGS planning and design field. By taking spatial comparison analysis and 

statistical analysis, the research will explore disparities between accessibility assessed from 

different views and factors relating to them. 

Module 2 focuses on understanding the reality of usage and preference of UGS and exploring 

peopleôs usage and preferences on UGS to understand what visiting patterns differ in population groups 

by intersections of age, gender, and education levels. The questionnaire was designed to focus on 

achieving óObjective 5ô and óObjective 6ô outlined above, linked to two stages as explained below, 

which also correspond to the framework in Figure 3-1. 

(2a) For understanding the public usage and preferences for visiting UGS, it was essential to both 

involve peopleôs visits and experiences of UGS and to probe into their features for different 

populations in the case study area. Utilising a questionnaire survey and analysis, it recorded 

certain visiting behaviours about the socio-demographic information of individuals. Results can 

contribute to, on the one hand, a picture of the overview of the current condition of UGS usage 

in the case study area and, on the other hand, to get validation on the effect of visitor groups on 

the preferences of visiting UGS. 

(2b) Parallel to obtaining the visiting records, the questionnaires acquired the public relevant 

experiences and attitudes of accessing and visiting UGS as well. Combined with personal 

information, this subsection gave insight into how different groups were motivated to and barriers 
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from UGS usage. Quantitative analysis was the primary method for this module, primarily carried 

out by the statistical analysis models using SPSS. 

Module 3, applying differences into improvements, focused on óComparisonô through comparing 

usage and preferences on UGS in different contexts of countries and exploring the differences of 

analysis results of accessibility modelling on UGS in various spatial measuring methods and models. 

Regarding the methodological logic, the latter was derived from the analysis results in Module 2 

concerning the relations between usage, preferences and socio-demographic characteristics. The 

methods used for the former analysis on the survey in the UK were like the ones adopted for 

questionnaire analysis in the previous two modules. 

(3a) Module 3-2: About similarities and differences of UGS usage and preferences, it conducted a 

similar statistical analysis on an existing survey developed in the UK. Raw data on public visiting 

records and perceptions of experiences were obtained through official channels, whose results 

were employed for statistical comparison with this case study. 

(3b) & (3c) Module 3-1: Apart from the impact of various models and measurements on space, the 

preferences on UGS visits can influence the spatial accessibility modelling of UGS in light of the 

correlation between preferences and socio-demographic characteristics validated in Module 2. 

This sub-section accumulated information from such a statistical correlation and further 

quantified it, particularly the travelling time factor, fitting into different spatial models. Then, it 

produced several types of UGS accessibility, which were partially comprised of factors of public 

perceptions. A series of spatial calculations of GIS with the help of ArcGIS 10.7.1 was adopted 

for first modelling several types of UGSôs accessibility in terms of the distance measurement, the 

model, and the travelling time setting, and second, verifying to what extent these elements affect 

the accessibility modelling results. 

This approach to mixed methods research is not a simple combination of survey and spatial analysis, 

common in related urban exploration research pursuing methods mixture, where data provided by 

survey offers empirical records including subjective perception, and spatial analysis embodies and 

connects objective entities. Effective mixed methods research could form the rigour of analysis and 

explanation of multidimensional problems (Carmona, 2017) and adjust to accomplish specific research 

objectives (Armstrong, 2004), reducing the possibility of bias caused by sole methodology (Denzin, 

2017). 

This researchôs reason for using multiple tasks with a mixture of methods was to explore the diversity 

of the realistic perception of UGS usage and preferences, of which factors should be in cooperation 

with UGS accessibility analysis, and therefore, to have an insight into the improvement of accessibility 
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measurements used for evaluating the provision pattern of UGS, by developing a novel conceptual 

framework and modified models. To implement this mixed-mode methodological approach, it adopted 

methods including Literature Review, Accessibility Measurement Method, Geographic Information 

Science (GIS) technology, the case study approach, and the field survey. Therefore, the literature 

review provides theoretical support for new studies and reveals practical evidence for the uncovered 

aspects of relevant research progress. It contributes to both initiating the first step of research and 

connecting to previous research. Accessibility measurement methods, as elaborated in the óLiterature 

Reviewô chapter, vary in their factors, distance measuring, and models in use, which can generate 

inconsistent results for one problem (Sister et al., 2010). The methodological differences between its 

different models are helpful to ensure robustness (Tan & Samsudin, 2017). GIS technology is highly 

valued in urban planning research as it provides practical tools for modelling the various elements 

present in city spaces, and its robust spatial theory and advanced computational functions make it a 

reliable choice (Yeh, 1999). Moreover, Deming and Swaffield (2011) stated that the case study strategy 

is valid for learning the complex dynamics and practices of society, culture and space in places. Hence, 

it can assist in comprehending the UGS usage and preferences among the population. 

3.2 The Discussion about Methodological Realisation 

3.2.1 Introduction 

Robson and McCartan (2016) stated that reviewing the literature is a crucial component for conducting 

the research. This stage helps researchers reinforce the primary theory on related fields of study and 

react to questions leftover in the previous research (Li, 2015). A critical literature review has been the 

starting point of this research and has also been an efficient tool to achieve sub-objectives as following 

points: 

ɔ To explore the factors and their settings employed in the field of UGSôs accessibility modelling 

process. 

ɔ To explore the current development of accessibility modelling methods for deciding on the types 

of models used in this research 

ɔ To explore the knowledge on public perceptions of UGS from actual use and experience aspects 

in different countries. 

These sub-objectives collectively assist this research with instituting the methodological frameworks 

and making the discussions about the UGS usage, and preferences and their relations to UGS 
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accessibility referential and convincing. The literature review provided insight into a number of areas 

including the usage and preferences of UGS, public perceptions of accessibility of UGS, spatial 

modelling of UGS accessibility, and different populations using UGS. 

3.2.2 UGSôs Accessibility Assessment 

As measuring techniques develop, an increasing number of studies rely on a combination of 

algorithmic models and spatial processing techniques for a comprehensive assessment of the 

accessibility of UGSs. The following two subsections separately discuss the rationality and 

operationalisation of the methodological framework, introducing accessibility measurement methods 

and the GIS techniques for spatial analysis to this study. 

3.2.2.1 Means of the accessibility measurement 

The literature review chapter has discussed that several measurement conceptual frameworks focus on 

different aspects to measure the accessibility of UGS. Although the type of measurements depends on 

the specific studying purposes and fields, all the measurements consist of three elements: people as the 

demand, UGS as the supply, and road networks as the physical connection. Corresponding to the 

primary factors of UGS accessibility in this research, the three components are residents, parks, and 

roads, which were not fragmented but mutually restricted and related to each other. It means that the 

UGS can be accessed because there is coordination between the three elements. Furthermore, the 

higher the coordinating degree, the better the accessibility. 

In the details of this research, the characteristics of residential populations must have an impact on 

their access to UGS in the usage tendency aspect; in turn, UGS affects peopleôs proximity to it not only 

in spatial dimension but also from service provision aspects (e.g., capacity, quality, popularity etc.) 

(Zhang et al., 2017; van Dillen et al., 2012). 

Therefore, considering the three core subjects of accessibility discussed above, this study presented 

empirical, simulation and comparative analyses of urban green space accessibility assessment methods 

and results in terms of model types, distance measurement methods and individual socioeconomic 

differences. With the help of these analyses, it not only provided a detailed understanding of UGS 

accessibility from both the spatial provision and public perception respects in the case study area but 

also verified the fit of the accessibility measurement results to public perception under different 

assessment methods. These accessibility measurement methods include the buffer analysis of container 

methods, the network analysis method, and the 2SFCA method, and additionally, their derivative 

methods developed from the regular model. These derived method models have been briefly described 
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in the methodological framework (Figure 3-1 above) in section 3.1, and their implementation will be 

an inquiry in the subsequent subsection 3.3.2. 

Regarding buffer analysis, its widespread use is due to its simplicity of operation and its consideration 

of the service radius of urban green spaces. Usually, it evaluates the accessibility level of a facility by 

calculating the sum of demand objects covered by a predefined service radius of the facility or by 

accumulating the number of accesses to the facility within a set travel radius for the subject of the 

demand object. The key to this approach is to set the service radius, and most scholars generally obtain 

the appropriate service radius by referring to the planning policies of the corresponding facilities or 

the literature related to their subjects of study. 

As far as the network analysis is concerned, depending on the purpose of the task, it is generally used 

for path search, path planning, closest neighbour facility planning, service area generation, etc. This 

study mainly uses network analysis for service area generation in UGS accessibility measurement. In 

the same way as buffer analysis, it also evaluates accessibility by generating service buffer zones to 

specify the service/travel range of UGS/residential sites. The difference, also being treated as a critical 

improvement, is that the network analysis model optimises the straight-line distance measure by 

introducing the distance measured along the road, which reflects the urban green space supply level 

from a more accurate/realistic picture. 

The basic process of these two methods for assessing accessibility (based on constructing service area 

coverage) can be summarised in the following four steps: 1) identify the accessible entrance points of 

the urban green; 2) specify the centre of gravity of the demanders, i.e., the settlement/population; 3) 

set the service radius of the facility (travel cost of the demanders); and 4) calculate the number of 

demanders it can serve for each facility access point. As a result of the analysis, at the most basic level, 

the spatial service capacity of the facility is characterised by the sum of the population served by the 

facility, which in turn reveals the level of spatial accessibility. 

Within the 2SFCA method, the first step of its regular model is generating a service catchment of each 

supply object, whose impedance to be accessed by the demand subjects was usually set as travelling 

cost. Then, the sum total of the served population located in the catchments of each UGS is divided by 

the capacity of their corresponding UGS, which provides the capacity-to-population ratio for each 

UGS. This step portrays the ability of urban green spaces to serve the needs of all populations within 

their radius. Similar to the first step, where the centre of the search area is each urban green space, in 

the second step, the search centre is set to be the residential point where the population is located, and 

the residential point is used as the centre to confirm the green spaces within its set travel distance. 

After that, the service capacity of each green space searched for by each settlement, i.e., the index 
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value obtained in the first step, is accumulated one by one, and the sum obtained is the green space 

accessibility value of the settlement. In other words, this accessibility assessment result can be 

interpreted as the green space per capita after a special weighting process. The 2SFCA method 

contributes to modelling the spatial interactions that are constantly neglected in traditional location-

based accessibility measures. 

3.2.2.2 Assessment tool: Geographical Information System technology 

Geo-spatial information is an important attribute of the accessibility to UGS for both the demand 

objects and the supply objects. It is necessary to use spatial analysis to support the accessibility 

assessment, which could serve the UGSôs planning and renewal progress. Regardless of different 

selections of measuring methods, most scholars relied on Geographical Information Science (GIS) 

technology as the primary computational approach for accessibility assessments of UGS (Stoia et al., 

2022; Kabisch &Haase, 2014). 

On the basis of current acknowledgement, GIS technology in this research was utilised for storage of 

UGS data, population data, and network data (which include both geographical information and feature 

attributes), data pre-processing (such as formation conversion and accuracy correction), data analysis 

(for example, spatial calculation), and data display (that visualises analysis results as maps with feature 

values).  

GIS technology was adopted to achieve several primary sub-objectives, which include: 

ɔ To display and process data of the components of UGS accessibility to be modelled for the case 

study in Module 1 and Module 3. 

ɔ To record and incorporate the regional populationôs sociodemographic information with developed 

accessibility modelling in Module 3. 

ɔ To conduct data analysis on all the objects that could have an impact on other objects in the spatial 

dimension, summing up as the accessibility models set-up and comparison (Module 1 and Module 3). 

Compared with other research methods for exploring UGS spatial patterns, GIS technology has the 

following specialities: the functions of data input, editing, and statistics for the overall treatment of 

data including image data on UGS, a connection between spatial information and attribute data with 

long-term storage and timely update; spatial analysis capacity for the simplification of the mathematics 

application link, and then the technic supports; perceptual intuition, flexibility, and vividity of the 

graphical output mode (Zeng et al., 2017). These advantages of the GIS technology integrated into the 
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mixed methods of this research have contributed to pre-processing, database built-up, accessibility 

measurements included in the models, and spatial statistics on data used in this research. 

3.2.3 Research survey: questionnaire 

Self-report measures have been shown to provide a valid means of obtaining information related to 

physical and mental health and behaviour that can be used to assess individualised characteristics 

(Zhang et al., 2017).  

According to an executive summary in ñState of Broadband Report 2022ò released by the UN 

Broadband Commission on the Sustainable Development (ITU/UNESCO) (2022, p. ), in 2022, the 

number of Internet users worldwide has grown to 5.3 billion people, taking 66 per cent of the whole 

population. Among them, according to the 50th óChina Internet Development Statistics Report'ô 

released by China Internet Network Information Center (CNNIC) (2022, p.7), as of June 2022, the size 

of China's Internet users was 1.051 billion, and the Internet penetration rate reached 74.4%, making it 

the world's largest Internet market. This shows that the acceptance and access rate of the Chinese public 

to the Internet is evident, and based on this, the use of an Internet-based questionnaire in this study is 

reasonable from the perspective of response bias, i.e., a high response rate and response quality can be 

obtained. A small proportion of the questionnaires in this study (130 out of 2,360) were paper-based, 

collected in the early stage by face-to-face interviews when the online questionnaire survey was 

parallelly in progress. This mixed method was later changed to a single online questionnaire format 

due to the many restrictions of the precautionary measures on COVID-19. Referring to the findings of 

other studies, the social desirability of Internet surveys is higher (Chang & Krosnick, 2009), and the 

bias related to social desirability is lower (Kreuter, Presser & Tourangeau, 2008) and similar to that of 

paper surveys (Dodou & de Qinter, 2014). Therefore, the impact of the partial conversion of 

questionnaire collection methods involved in this study is negligible. 

In this study, the questionnaire was administered to capture the use status of UGS by residents in the 

case study area, including the name of the park that individuals frequently visit, the time spent in that 

park, the cost of travel time to that park, and the frequency of using that park. The questionnaire 

simultaneously gathered information on the residential perceived and preferred dimensions of the 

characteristics of the UGS, such as satisfaction, agreement, importance, etc., and the sociodemographic 

of age, gender, education level and age. These data are primarily accommodated in the methodology 

Module 2 (as illustrated in section 3.1) to generalise UGS use, preferences and perceptions and explore 

the patterns of their differences among different populations.  

The patterns of differences influenced by these socio-demographic factors are further analysed and 

quantified in Module 3-1. Subsequently, another critical piece of information obtained from the 
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questionnaire, the geographical location of the respondents at the administrative street, will be involved 

in the parameterisation of the modified spatial accessibility model in Module 3-1 (as illustrated in 3.1), 

to be used as a weighting of regional demographic characteristics on travel range. Detailed 

questionnaire design will be elaborated on in the following subsection. 

An existing secondary questionnaire survey was introduced in Module 3-2 for comparison study. is the 

Module utalised the óMonitor Engagement with the Natural Environmentô (MENE) omnibus survey, 

which was conducted by Natural England from 2009 to 2019 (an open source available at: 

http://publications.naturalengland.org.uk/publication/2248731), covering the population across the 

whole of the UK. It constituted two datasets, óRespondent Dataô and óVisit Dataô. Surveys were 

conducted by face-to-face questionnaire survey each year over a period of 10 years. Each respondent 

about their visits to all natural environments over the past week (óVisit Dataô). Further detail about the 

MENE surveyôs design can be found in the Natural England Commissioned Report NECR123 (Natural 

England, 2013, pp. 3-13). Its utilisation in Module 3-2 is elaborated in 3.3.2.3.2. 

In conclusion, the questionnaire survey in this study firstly achieved a comprehensive statistical 

generalisation of urban green space use and preferences, substantiated its variation characteristics in 

different demographic contexts, and secondly aided in accomplishing the analysis of urban green space 

accessibility measures as an essential parameter, realising the incorporation to the perception of the 

population. 

3.3 Research Design 

This sub-chapter provides a detailed explanation of the whole research design, including two elements, 

namely the case study area and the Methods module. The former (3.3.1 Case Study Area) clarified the 

criteria and justification for selecting case study objects based on reviewing the profile data (UGSsô 

status, UGS planning outline, population composition, etc.). The next sub-section turns to a thorough 

description of research implementation by three crucial research modules that were introduced in the 

sub-chapter 3.3.2.1 and detailing the spatial modelling process on the selected UGSs in Guangzhou, 

the constitution and analysis mode of public-perceived accessibility on the selected UGSs, and the 

comparison means to differ these two types of UGS accessibility with the help of GIS. 3.3.2.2 were 

instituted in a survey-based module. This sub-section focused on the detailed questionnaire design 

regarding question setting, sampling draw, collection process and completion. 3.3.2.3 discussed two 

aspects of comparison involved in it, introducing a survey in the UK called Monitor of Engagement 

with the Natural Environment (MENE) carried by NE to make a reference to the use of UGS in 

different social and cultural contexts, second in which expounded several types of UGS accessibility 

and their modelling process. 3.3.2.3 discussed the research contents and implementation methods of 

http://publications.naturalengland.org.uk/publication/2248731
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two comparison scopes involved in it; the first area was introducing a survey in the UK called MENE 

to make a contrast reference to the use of UGS in different social and cultural contexts, and the second 

aspect in which expounded eight types and their modelling process of UGS accessibility ones used for 

comparison in order to seek the optimisation in response to the different scenarios of the accessibility 

measure. 

3.3.1 Case Study Area 

3.3.1.1 Introduction to Guangzhou 

Referring to the 2020 China Census Subcounty Information (2022, online resource: 

https://www.txjrt.com/ziyan/3145.html) recently compiled by the State Council, Guangzhou is one of 

China's seven mega-cities, which is the highest category level in Chinaôs big city hierarchy, along with 

Shanghai, Beijing, Shenzhen, Chongqing, Chengdu, and Tianjin. As the capital city of Guangdong 

Province, Guangzhou is the largest city in southern China and is coordinate of 23Á6ǋ32ǌN 113Á15ǋ53ǌE, 

located in the centre of Guangdong Province (shown in Figure 3-2 (a) and (b)). It is also a member of 

the Pearl River Delta region (Figure 3-2 (c)), known as one of the most populous metropolitan 

agglomerations in the world. Guangzhou's subtropical location is a climate characterised by abundant 

rainfall and sunshine and long, hot, humid summers, dominated by a marine monsoon climate, with 

the annual average temperature reaching 28.7 . This natural environment benefits the diverse and 

lush growth of plants in the area and facilitates Guangzhou's long tradition of regional landscape 

cultivation (Zeng, 1991, p.35). Hence, Guangzhou is widely recognised as óthe City of Flowersô.  

Regarding social and economic development, In the worldwide context, Guangzhou is ranked as the 

worldôs top-tier city by GaWC (Globalization and World Cities). The United Nations 2016 reported 

that Guangzhou ranked first in China in the Human Development Index. As a national central city, 

Guangzhou has been at the forefront of China's coastal opening, across the sea from Hong Kong and 

Macau. It has been identified by the Chinese State Council (2016) as an important international trade 

centre and comprehensive transportation hub in China. As one of Chinaôs pilot cities for sustainable 

development, the transformation and renewal of Guangzhou's economic development model have led 

to further demands on people's expectations for a high quality of life while enhancing their livelihood. 

With the cityôs rapid expansion, Guangzhou has become a typical high-density city with a built-up area 

of 1,350 square kilometres and about 18.74 million permanent population by the end of 2020, with 

registered permanent residents of 9.85 million. 

According to the latest óAdministrative Divisions (Year-end of 2020)ô in the Guangzhou Statistical 

Yearbook (2021), there are eleven districts in Guangzhou, as shown in Figure 3-2 (d), in which six 
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districts the central part makes up the main urban area of Guangzhou. The total number of street 

communities under the jurisdiction of all districts is 142 in total. 

  

(a) Location of Guangdong province in China (b) Location of Guangdong province in Pearl River Delta 

Source: Pearl River Delta regions in Guangdong Province 

Available Online: http://nr.gd.gov.cn/map/bzdt/Index.aspx 

 

 

(c) Location of Guangzhou in Guangdong (d) Spatial administrative areas of Guangzhou 

Figure 3-2 Location of study area, Guangzhou and administrative district division. (a) Location of Guangdong province 

in China; (b) location of Guangzhou in Pearl River Delta region; (c) location of Guangzhou in Guangdong; (d) spatial 

administrative areas of Guangzhou. 
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3.3.1.2 UGS in Guangzhou 

UGS status 

As mentioned above, Guangzhou is blessed with a climate that makes its vegetation flourish, which is 

very beneficial to the cultivation and expansion of UGS. According to the ñChina City Statistical 

Yearbookò and statistical bulletins of the municipal governments, the following Table 3-1 summarises 

information comparing Guangzhou with several other well-known Chinese megacities in terms of 

green areas. 

Table 3-1 The general situation of green space in four well-known megacities in China in 2020 

 
Area of Green 

Areas (hectare) 

Area of Public Green 

Areas (hectare) 

Per Capita Public 

Green Areas (sq.m) 

Green Coverage Rate in 

Developed Areas (%) 

Beijing 92683 35720 16.6 49.0 

Shanghai 164611 21981 8.83 37.3 

Shenzhen 97175 20160 11.4 43.0 

Guangzhou 147800 32358 17.3 45.5 

The comparison shows that Guangzhou has the second-highest green coverage rate in the built-up area, 

after Beijing, and the first-highest performance in the per capita parkland index. This indicates, to some 

extent, that Guangzhou has a better match between the total number of UGS and the number of people 

in the city. However, the green space indicator in the per capita sense cannot describe the spatial 

allocation of green space resources within the city, nor does it convey information about the allocation 

of UGS resources in the resident perception dimension. 

Guangzhouôs population is growing at a rapid rate, where ten years (2010 to 2020) witnessed a 

population growth rate of about 27% (see Appendix 4 for details). The Guangzhou government has 

been rethinking its urban green space planning to accommodate its growing population and expanding 

urban areas, focusing on sustainable development principles and exploring new planning concepts and 

modes. The ñGuangzhou UGS System Planning of Guangzhou (2010-2020)ò (2010) proposed an aim 

that, by 2020, the per capita public green spaces area should have been increased to 18 square meters 

per person, however, the data shown in Table 3-1 confirms that there is still a gap between the actual 

progress and expectations in terms of the amount of UGS per capita. 

Sites selection of UGS 

As introduced in the literature review chapter, there are four primary classes of green spaces in China, 

separated into two parts, namely green spaces in the developed area and the óRegional Green Spaceô 

outside the developed area. The latter corresponds to the fifth type of green space. The former category 
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includes four primary types, i.e., óPark Green Spaceô, óProtective Green Spaceô, óThe Squareô, and 

óAttached Green Spaceô. As one vital public open type of UGS, parks are the planned and designed 

open spaces possessing green areas, landscape views and natural environment and are equipped with 

the infrastructure for a range of recreational activities (Page, Nielsen & Goodenough; 1994). Compared 

to other types of urban green spaces, except for the inherent environmental services of green spaces 

(e.g., purifying air and water, filtering wind and noise, etc.) (Chiesura, 2004), parks are also open 

spaces built to protect the survival, development, and diversity of green spaces under urban sprawl to 

a certain extent. Additionally, the design and management of parks, to a large extent, fulfil the needs 

of residents for other functions of green spaces in urban life, such as obtaining psychological relaxation, 

enjoying the scenery, and engaging in physical exercise (Shin et al., 2005; Razak, Othman & Nazir, 

2016). 

The green space objects used in this study for Model One and Model Two involving accessibility 

measures belong to the category ópark green spaceô and the sub-category óScenic Recreational Green 

Spaceô (Appendix 3) of óRegional Green Spaceô (Table 2-3). As explained in section 2.1.1. Definition 

and Classification section, these two types of green space can be understood as parks within built-up 

areas and parks outside built-up areas, respectively. In line with the functions of the generalised park 

category, these two types of green space are uniformly characterised by a good natural environment 

and open to the public in terms of their primary functions: providing leisure and recreation, travel and 

tourism, recreation and fitness, scientific research and other functions, and having recreational and 

service facilities. Therefore, they will be classified as parks uniformly from here onwards to avoid 

confusing categories. 

Overall planning outline 

According to the Guangzhou Forestry and Landscape Bureau and Guangzhou Landscape Architecture 

Planning and Design Institute (2018), a particular planning target for park construction in Guangzhou 

between 2017 and 2035 it has been planning to increase the 500-meter service radius coverage of park 

green spaces and open spaces to 85 per cent. This goal is listed at the top of the plan, which shows the 

importance of park accessibility to the construction of the urban park system. It also stressed that as 

parks are the green infrastructure in Guangzhou city, their functions, service contents, and allocation 

should fully respect visitors' usage habits and behavioural characteristics. Therefore, this research on 

accessibility, usage, and demographic preferences of parks within Guangzhou city can be affirmed as 

necessary and valuable. 
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3.3.1.3 Population Composition in Guangzhou 

Many studies have found a link between green space use and socio-demographic characteristics. Based 

on the discussion in the literature review and considering the limited ability and funding of this research 

to conduct the entire study independently, the socio-demographic factors targeted in this study include 

gender, age, and education. Guangzhou's seventh national census bulletin shows that the growth rate 

of the resident population from 2010 to 2020 (3.93%) is about 1.6 times higher than that from 2000 to 

2010 (2.48%). The city has a population of 18.67 million, of which about 20% live in Baiyun District, 

the highest percentage of all administrative districts. Among the districts outside the main urban area, 

Panyu District has the largest population, accounting for about 14% of the total population, and the 

second highest population percentage among all districts. Detailed information on population 

composition can be found in Table 3-2, which provides data on the population composition of each 

district in three sociodemographic characteristics aspects that have been summarised in 2013 and 2020. 

Table 3-2 Summary of population composition of gender ratio, age, and education in each district, in 2013 and 2015. 

District  Sex Ratio Age Category (row N%) Education (column N%) 

 
 0-14 15-59 >59 

primary school 

and below 

Primary to Junior 

high school 

Junior high school 

and High school 

College 

and above 

Year 2013 

  Liwan 103.51 10.15% 75.07% 14.78% 16.72% 33.98% 32.69% 16.61% 

  Yuexiu 99.66 10.55% 73.83% 15.62% 12.41% 25.66% 31.38% 30.56% 

  Haizhu 105.33 10.13% 77.22% 12.65% 13.49% 32.66% 28.41% 25.43% 

  Tianhe 112.72 10.57% 82.16% 7.27% 9.90% 21.44% 26.35% 42.32% 

  Baiyun 116.89 10.49% 82.31% 7.19% 14.59% 44.97% 25.39% 15.05% 

  Huangpu 122.91 12.04% 80.45% 7.51% 14.82% 38.44% 30.41% 16.33% 

  Panyu 106.19 12.05% 80.17% 7.78% 20.23% 41.02% 18.87% 19.88% 

  Huadu 108.52 12.06% 78.57% 9.36% 20.38% 49.59% 18.87% 11.16% 

  Nansha 121.14 10.63% 83.75% 5.62% 22.78% 45.05% 24.98% 7.19% 

  Conghua 110.53 14.29% 76.27% 9.44% 23.52% 45.87% 16.89% 13.72% 

Zengcheng 100.86 16.77% 72.97% 10.26% 25.91% 48.39% 15.05% 10.64% 

Year 2020 

  Liwan 105.34 13.37% 66.82% 19.81% 15.82% 29.58% 27.84% 26.75% 

  Yuexiu 95.65 13.64% 64.11% 22.25% 12.15% 21.46% 26.59% 39.80% 

  Haizhu 102.12 11.32% 71.63% 17.05% 12.39% 32.20% 24.63% 30.78% 

  Tianhe 110.88 11.57% 79.83% 8.60% 9.34% 18.36% 26.70% 45.60% 

  Baiyun 116.68 11.81% 79.85% 8.34% 13.69% 36.44% 24.64% 25.24% 

  Huangpu 123.90 15.44% 76.15% 8.41% 14.13% 28.73% 24.35% 32.79% 

  Panyu 112.07 13.33% 78.13% 8.54% 14.69% 31.02% 24.16% 30.13% 

  Huadu 116.41 16.58% 73.87% 9.55% 17.59% 44.00% 18.26% 20.14% 

  Nansha 124.88 15.27% 73.84% 10.89% 21.11% 36.38% 22.70% 19.80% 

  Conghua 109.99 19.72% 67.76% 12.52% 20.13% 37.29% 18.39% 24.19% 

Zengcheng 112.26 19.28% 69.35% 11.37% 23.24% 35.73% 18.38% 22.65% 

Data source: The sixth national population census; Guangzhou's seventh national census bulletin. 

Available online: https://gzdaily.dayoo.com/pc/html/2021-05/18/content_874_755628.htm; 

http://tjj.gz.gov.cn/stats_newtjyw/tjsj/pcsj/d6crkpc/index.html 

https://gzdaily.dayoo.com/pc/html/2021-05/18/content_874_755628.htm
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3.3.2 The Implementation of Three Modules 

As shown in the methodological framework diagram summarised above (Figure 3-1), the study can be 

broken down into three modules. They are interrelated and complementary, facilitating the study to 

comprehensively explore and analyse the residential use and preferences of green spaces in Guangzhou. 

This subsection presents the essentials and approaches of the study's phased execution by module. The 

first part discussed in Module 1 (explores the assessment and comparison of spatial accessibility and 

public perception of accessibility in Guangzhou's parks) and forms three primary aspects: 1) the data 

and models used for spatial accessibility analysis; 2) the principles and indicators used for public 

perception of accessibility analysis; and 3) the analytical methods used to compare the two. Next, 

Module 2 focused on the questionnaire survey, where this subsection introduces details of the survey 

conducted. Finally, the comparative study of Module 3 consisted of two parts: a comparison of green 

space use in different countries and a comparison of different types of urban green space accessibility 

modelling. The first part contains an introduction to the MENE survey in the UK and the establishment 

of comparability with the questionnaire undertaken within this research for Guangzhou. The second 

part presents the impact of realistic public preferences on accessibility, the new model types after their 

integration into different accessibility models, and the methods to compare them. 

Regression modelling methods were used in Module 1 and Module 3-2. The summary on variables 

used in regression models can be found in Appendix 36. 

3.3.2.1 Module 1- Parkôs accessibility measurement from the aspect of both spatial and 

public-perceived dimensions 

3.3.2.1.1 At the spatial level 

Datasets and sources 

Open Street Map (OSM) is an open-source crowdsourced geodata widely recognised and used by 

scholars, and its data have been validated and highly recognised for completeness, thematic accuracy, 

and location accuracy in China through quality assessment models in numerous studies, such as road 

and traffic data in Wuhan (Wang et al., 2013), and overall data in Beijing and Shanghai (Zheng & 

Zheng, 2014). Many OSM-based studies in China are related to urban studies, especially the 

accessibility of facilities and services (e.g., Ye et al., 2019), and most of them involve road network 

data. These generally indicate that the completeness and accuracy of OSM's road network traffic data 

have been widely accepted. These datasets are also available through other sources, such as Baidu Map 

and Gaode Map in China, which have offered APIs for free download. However, they have now 

suspended their public access services or require a paid fee to access the data. In this case, the OSM 
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dataset has become an excellent alternative for many urban research studies in China for geographic 

information data. However, it is acknowledged that OSM face the problem of inadequate sampling of 

POIs due to the limited locations available to the data contributors (Zhao et al., 2019). To overcome 

this problem, this study used the integration of multiple data sources and manual calibration to 

minimise their impact on the analysis where possible. A detailed description of the integration and 

calibration can be found in 3.4.1. 

The raw data used in assessing the spatial accessibility of parks consists of five types of data:  

(i) Green spaces (GS) dataset from the OpenStreetMap (OSM) (https://www.openstreetmap.org/) 

available through the academic Digimap service (https://digimap.edina.ac.uk/). It contains Green 

Spaces data composed of different shape elements, including GS polygon and GS point. From this, the 

spatial distribution of the park access for all parks was derived for the study site by direct use (GS 

point element) and pre-processing by manual modification (GS point and GS polygon elements). 

(ii) The latest census data (by age, education, gender) within the administrative streets from the 

Statistic Bureau of Guangzhou Municipality (open access via: 

http://tjj.gz.gov.cn/stats_newtjyw/tjsj/pcsj/d6crkpc/index.html). Although the seventh census is the 

latest version at the time of writing, the data were not publicly accessible at the time of data analysis. 

Therefore, here, the research utilised the sixth census (2013) data. 

(iii) Population counts at 250-meter grid cells from the Global Human Settlement Layer 

(https://ghsl.jrc.ec.europa.eu/). 

(iv) Parks list released by the Bureau of Forestry and Landscaping of Guangzhou Municipality (open 

access via: http://lyylj.gz.gov.cn/zwgk/sjfb/content/post_3038159.html). These were used for spatial 

matching with OSM GS data to filter parks from GSs and the reconciliation of untagged parks in the 

OSM dataset for manual supplementation. 

(v) Road networks dataset from OSM. It consists of primary to fourth urban roads, country roads, 

county roads, provincial roads, and paths within the central region. Original polylines were pre-

processed for further spatial analyses. 

These datasets were depicted as a map with detailed features in Figure 3-3. 
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Figure 3-3 Spatial distribution of parks and other objects (residential areas, road networks, etc.) throughout Guangzhou 

Methods 

Based on the knowledge introduced in the literature review and discussed in 3.2.2.1 Means of the 

accessibility measurement, spatial accessibility assessment in this module adopted the Two Step 

Floating Catchment Area (2SFCA) method. This approach measures accessibility by taking the 

interrelationship between supply (here indicating parks) and demand (indicating residents) into 

consideration by quantifying their spatial relations in two steps, expressed as the functions in Equation 

3-1 and Equation 3-2 below. 

1st step: For each park (Ὦ), ὃὝὖ ὛȾВ Ὑᶰ  (Equation 3-1) 
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The first step is generating a service catchment (Ὓ) with the travelling distance (Ὠ ) for each park (Ὦ). 

Then add up the population (Ὑ) within this area to calculate an area-to-population ratio (ὃὝὖ). 

2nd step: For each population area (Ὥ), ὃ  В ὃὝὖᶰ  (Equation 3-2) 

The second step is accumulating the ὃὝὖ, where the population consists of people located in the 

catchment (Ὑ) that covers a travelling distance (Ὠ) from each population location (Ὥ). Finally, the 

spatial accessibility of parks was conveyed by an indicator for each residential region, the area (ὃ), 

which is computed by the sum of parksô area covered in the population catchments. For further details 

of the data used in this calculation ï please refer to section 3.4.3. 

3.3.2.1.2 At the public perception level 

Theory 

Spatial perception is the conversion of an objective physical environment into emotions, attitudes and 

behaviours with subjective perceptual properties through the human perceptual system, combined with 

the subject's memory and imagination (Wang et al., 2020). Within the framework of the perception of 

public open spaces raised by Nasar (1989), it claimed that the judgments brought about by human 

perception or cognition of the various physical attributes that a given urban spatial environment have 

an impact on urban emotions, well-being and spatial behaviour, respectively. The relationship between 

these three is cascading, i.e., urban emotion determines happiness and then influences spatial behaviour. 

Additionally, there is a measurable probability of these influences. Another study about urban design 

and walkability by Ewing and Handy (2009) interpreted the role of perception as an interplay between 

physical environment characteristics and walking behaviour, arguing that individualsô perceptions of 

the physical environment and urban designôs quality contribute to/ hinder the overall walkability of a 

particular space. 

In the context of UGS studies, the accessibility measurement involved physical and non-physical 

dimensions, which correspond to spatial proximity to UGS and public perception of accessing UGS in 

this research. Based on the existing conceptual framework of public perception of public open spaces, 

this study followed the overall conceptual diagram (Figure 3-4) below to understand the public-

perceived accessibility of parks. It regarded park selection behaviour as a behavioural outcome of the 

joint effect of physical resistance to individuals generated by the spatial distance to the park and the 

attractiveness of the park developed by individuals after their perception/ judgment of/ for the other 

objective characteristics of the park. Therefore, the publicôs experiential evaluation of the resulting 
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visiting (park) behaviour could, to a certain extent, represent the publicôs perceived attributes of a 

certain physical attribute of the park. 

 

Figure 3-4 Conceptual framework of the formation of the public perception on park visitation (Adapted from Ewing et al. 

(2009, p. 67)). 

In general, in this framework, the association between the characteristics of the substance itself and 

the individual's perception of it and their eventual force on the behaviour is converted into the final 

individualôs evaluation of the experiences of its behaviour. This evaluation can be eventually used to 

characterise the individual's perception of the characteristics of the objective thing that led to his 

behaviour. 

Methods 

As discussed above, this module used experiential satisfaction to characterise the public perception of 

the features of parks. The indicators expressed the individual attitude of the most frequently visited 

park. In this way, the selection of the park was the result of the spontaneous behaviour of individuals 

after cognitive judgments rather than a single priority depending on the spatial proximity to the park. 

As a result, these indicators could correspondingly reflect both the physical features of parks and 

spatial features of parks in their perception dimensions. As it highlighted the accessibility measurement 

at the public perception level here, the indicator was collected by asking the individuals their 

óSatisfaction with the overall Walking Experience on travelling to the most frequently visited parkô 

(SoWEA). This satisfaction indicator can be seen as a quantified insight into the individual impact of 

each relevant park spatial feature concerning accessibility. It was collected from the questionnaire 

survey of this study, with the measuring method of the Likert scale. This measurement has been widely 

used in previous studies on perceived accessibility. For instance, Lªttman, Olsson and Friman (2018) 
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used a self-reported perceived accessibility scale to assess the perceived accessibility of public 

transportation. Regards to public open spaces, Scheepers (2016) and Wang et al. (2015) measured the 

perceived accessibility of stores, UGS and sports facilities, and parks, respectively, via a similar Likert 

scale. 

3.3.2.1.3 Explore differences 

Methods 

As for the perceived measures of assessing the activities in or the usage of open spaces, several studies 

explored the different methods in perception and objective features dimensions. For instance, a study 

conducted by Li et al. (2020) examined the activities of elderly individuals in their neighbourhood 

environment. The study utilised the container method as a medium of conducting an objective measure 

for walkability, gathering feedback from residents regarding the neighbourhoodôs features, including 

access to facilities, presence of sidewalks, social environment and traffic safety. The result shows there 

are associations between the calculated objective features by physical measures and the individual 

perception of the environment by public-perceived measures. Although there have been several similar 

studies, their results on the specific associations between some physical features and perceived features 

vary among social contexts of studies. For example, research identified that the density of parks could 

affect older people taking sports (Wu et al., 2016; Cerin et al., 2012; Riberio et al., 2015). However, 

Bracy (2014) demonstrated no relation between them.  

The differences or correlations are meaningful results determined by the combination of specific social 

contexts, different human contexts, and diverse analytical methods. They all exemplify to some extent 

that a single-dimensional measure of public space does not fully reflect the realistic use of the public. 

Meanwhile, the comparison of the results of different dimensional measures can also expose the over- 

or under-assessment of providers by a single spatial measure. This module used spatial calculation 

with the help of ArcGIS 10.7.1 for conducting the comparison between the spatial modelled 

accessibility of parks and the public-perceived accessibility of parks in the same street, taking the street 

level as the population collective unit. 

3.3.2.1.4 Limitations 

One shortcoming of this module method is the spatial gaps in perceived accessibility simulations due 

to the uneven spatial distribution of samples. To be specific, the geographic scope of the study site 

selection in this module focuses on six administrative districts that constitute the central-city area of 

Guangzhou, including Yuexiu District, Haizhu District, Tianhe District, Liwan District, Baiyun District 

and Huangpu District, as shown in Figure (found in 3.3.1 Case Study Area). The reason for the decision 
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to zoom into the main urban area for this method module was a deficiency of the data collection on 

conducting indicators for the public perceived accessibility. One possible reason could be that, in the 

central-city region, there is only less than 10 per cent of the population employed in agricultural works 

such as farming, fishing and so on, and thus, they could concentrate more on urban life and be more 

willing to participate in this online survey about UGS. Another weakness regarding dataset precision 

is that the smallest population unit of the administrative division should be the community in China. 

But, the population distribution data in more precise administrative religions are not publicly 

accessible or require a fee to purchase data. In consideration of individual capacity and funding, 

geographic data related to population clusters in this and subsequent modules will be aggregated to the 

street level for analysis. 

3.3.2.2 Module 2- Survey on UGS Usage and Preferences 

The online questionnaire survey was used in all three modules. It was designed to investigate three 

sub-objectives as below: 

To discover the UGS usage and preferences and to uncover their features among different user groups 

(e.g., by socio-demographics group, by tour frequency group, etc.). 

To obtain data for conducting indicators in the public-perceived accessibility of parks in Module 1. 

To verify the correlation between socio-demographic characteristics and park accessibility in Module 

3 and to use it as a parameter in the spatial accessibility analysis models integrating realistic elements. 

3.3.2.2.1 Questionnaire constructions 

As introduced in 2.3.3.1, questionnaire survey is a common and effective method for exploring UGS 

use and preferences. Among data collection methods of questionnaire survey, online surveys in UGS 

related research, especially for landscape perception studies, have developed rapidly and are widely 

recognised for its larger samples with lower costs, compared to traditional on-site surveys (Roth, 2006). 

This study applied both online and on-site questionnaires for conducting the survey on investigating 

the UGS usage and preference in Guangzhou. A few essential aspects of questionnaire design are as 

follows: 

Basic guidelines for the questionnaire design 

Firstly, simple wording was used within the questionnaires to avoid ambiguity in word meaning as far 

as possible (de Vaus, 1993). Second, the response options within the questionnaire were randomly 

numbered to avoid subjective prioritisation (highlighted as a particular concern in the literature due to 
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response bias). Regarding time frames being asked in questionnaires, similar time frames to other 

surveys were applied in options, such as óonce a weekô, óonce a monthô, etc., for stating the visiting 

frequency instead of expressions such as óDo you visit parks usually?ô. In addition, according to the 

guidance of the Office of Educational Assessment (2006), the item 'Others' was included in most of 

the options for questions involving categories to prevent the listed options from being sufficiently 

detailed to cause problems for the respondents. 

In addition, to avoid repetitive/invalid responses, it established logical trees between some questions. 

For example, if a participant answered óNoô to the question óDo you visit a park on foot?ô. Then, the 

system can automatically skip all questions concerning the ópark on footô and move directly to other 

relevant questions. In the paper questionnaire, these questions, which needed to be related to the other 

answers, were prompted by annotations in parentheses to guide the respondent. 

Items of key factors in the questionnaire 

Based on the literature review, the elements of UGS usage and the factors of UGS accessibility 

assessment at both spatial and perception levels were informed from existing studies and surveys and 

embedded in the questionnaire composition. The major facets of the survey are listed in Table 3-3, 

where the indicators related to them were listed with elaborations where needed in the questionnaire 

focused on five primary aspects. óResidentsô and óDestinationsô infer two key components of this 

module method and UGS accessibility measurement method of Module 1 (See Figure 3-1) and Module 

3. óUsageô reflects the actual records of residentsô visits to parks, and óPreferencesô and óPerceptionsô 

embrace individualôs visiting habits on parks and views to related experiences. Each primary aspect 

consists of elements and sub-elements, all of which were used for statistical analysis in this module to 

explore the UGS usage and preferences in Guangzhou. Additionally, part of them was introduced in 

Module 1 and Module 3 for the use of accessibility modelling. óResidentsô, the sub-element óThe 

mostly frequently visited park on footô in óDestinationsô, and the sub-element óWalking to accessô were 

in process for evaluating the public-perceived accessibility in Module 1, as discussed in 3.3.2.1 within 

the public perception level above. Module 3 contains óResidentsô and the sub-element óAcceptable 

walking timeô in óPreferencesô, which were used for exploring their correlations and further modelling 

the population characterised UGS accessibility. 
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Table 3-3 The outline of the construction of key aspects of the questionnaire and their explanations 

Overview of the key elements involved in the questionnaire 

Facets Constituents Items Annotations 

Residents Socioeconomic Characteristics Gender  

Age  

Education  

Geographical Position of Living District  

Street  

Community Open-ended and optional question 

Destinations Parks The most frequently visited park not on foot Thereafter codenamed [Park A] 

The most frequently visited park on foot Thereafter codenamed [Park B] 

The second most frequently visited park on foot Thereafter codenamed [Park C] 

UGSs The most frequently visited UGS (except for parks) Thereafter codenamed [UGS A] 

Usage Name of park/UGS  Open-ended questions 

Departure point  Departure point when travelling to the park 

Transportation   

Travelling time   

Visiting duration  Visiting time spent in the park 

Frequency of visiting   

Preferences Type of open spaces for recreation   

Travelling time Ideal walking time Time cost on walking to a park that the individual prefers 

Acceptable walking time The most time cost on walking to a park that the individual could accept 

Reasons for (not) visiting Purposes of visiting The purposes that the individual visit the park/UGS for 

Reasons for visiting The reasons that motivate the individual to visit this park 

Reasons for visiting infrequently (less than once a month)  

Reasons for never visiting once  

Reasons for not visiting on foot   

Perception Rating on experience or features Overall enjoyment Satisfaction level with overall experience on walking to visit the park 

Features of parks Satisfaction with some specific features of the park 

Importance of parkôs characteristics  Rate the parksô features according to how important they are in influencing 

the choice of parks. 

Opinion Support Walking reachable parks Existence of parks to access within an acceptable walking distance of the 

individualôs living area 

Parks meeting the needs Walking reachable parks could meet the individual's usage demands. 
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3.3.2.2.2 Sampling approach 

Abu-Bader (2016) states that scientific research generally begins by testing the relationships between 

variables and then verifying the feasibility and reliability of their generalisation to groups. This survey 

was designed to know the usage condition and habits of UGSs in Guangzhou, to examine the mutuality 

relationships between usage and preferences and different visitor groups, and further explore some 

relationships in a quantification way, which was embraced in regular models in order to maximise the 

realism/accuracy within models. These relationships were examined among the population over 18 

years old in Guangzhou, which was the participants of the questionnaire survey in this study. 

Considering that the use of urban green space may require knowledge of the surrounding environment, 

only people who have lived or worked in Guangzhou for more than three months could participate in 

the survey. These basic selection criteria for the sample were informed to potential respondents, 

followed by the consent form (see Appendix 31) before the start of the questionnaire, and those who 

passed the criteria were allowed to continue the questionnaire. 

Regarding the sample size, the number of permanent residents in Guangzhou will be 18.74 million by 

the end of 2020 (Guangzhou Statistical Yearbook, 2021). To reduce the margin of error and produce 

this survey with statistically significant results, the sample size should be more than 664, which is 

calculated by a sample size calculation formula (confidence level = 99%, margin of Error Ƌ 5%). In 

this questionnaire survey, there were 2,360 online questionnaires and 64 face-to-face (paper) 

questionnaires in the collection. Therefore, this sampling should be sufficiently representative of the 

subject population. 

To obtain reliable results and avoid gender bias in research, gender can be considered as a concept that 

is related to, but distinct from, sex. The latter emphasises biological characteristics and is usually 

categorised in binary terms, whereas the former characterises cultural or attitudinal aspects of identity, 

blending a diversity of categorisation. ñMaleò (or ñMenò) and ñFemaleò (or ñWomenò), as used in this 

study, referred to culturally conditioned or constructed subjective gender identities rather than gender 

categorisation in a biological sense. It is not the intention of this study to exhaust all gender identities, 

such as various non-binary and fluid identities, by implying a distinction between males and females. 

It needs to be recognised, however, that researchers should ideally focus on a wider range of gender 

identities in relevant projects. However, for cultural reasons, this study only distinguished between 

males and females, as sample selection to cover other gender identities would not be feasible at both 

the social and political levels in China during 2019-20- the time and place in which this research survey 

was conducted. 
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Regarding the sampling method, the online questionnaire was disseminated by posting questionnaire 

posters on various social media platforms in China (e.g., Weibo, Douban Group, Zhihu, Baidu Post, 

WeChat, etc.), and also through interpersonal relationships - friends of friends - for respondent 

recruitment. As for offline questionnaires, some of the participants were invited face-to-face through 

random selection by visiting the streets, while the other part was accessed through friends and friends 

of friends. 

A table of descriptive descriptions of detailing variable codings and sample sizes can be found their 

details in Table A6-4 in Appendix 6. 

3.3.2.2.3 Questions in Questionnaire 

Types of questions 

Most of the questions in the questionnaire are single-choice questions. Some questions contained 

multiple-choice, fill-in-the-blank, and open-ended forms are listed in the following summary Table 3-

4. 

Table 3-4 List of questions other than single-choice types by question number 

No. of questions Forms of questions Contents 

Question 1 Multiple-choice; up to three Preferred types of open spaces 

Fill -in-the-blank answer within the 

óothersô option 

Specific type of open spaces not included in options 

Question 13 Multiple-choice; up to four Reasons for never walking to parks once 

Fill -in-the-blank answer within the 

óothersô option 

Specific reasons not offered in options for never walking to 

parks once 

Question 25 Multiple-choice; up to five Reasons for visiting Park B most frequently 

Fill -in-the-blank answer within the 

óothersô option 

Specific reasons not offered in options for visiting Park B most 

usually 

Question 10, 16, 23 
Multiple-choice; up to three 

Purposes of visiting the park 

Question 18 Reasons for infrequent visits to Park B 

Question 4, 7, 14 & 21 

Fill -in-the-blank 

Name of UGS/ park 

Question 5 Transportation and time cost of travelling to UGS A 

Question 40 Name of belonging community (company/school) 

Question 2 Open-ended Reason for not preferring UGS of open spaces 

Question 35 Open-ended; optional Motivations to walk to parks more frequently 

Question 6 
Fill -in-the-blank answer within the 

óothersô option of the single-choice 

question 

Specific type of the transportation mode not offered in options 

to parks. 

Question 14, 21 Specific departing point that are not offered in options for the 

park 

Understanding the elements and indicators in the questionnaire 

To better understand the structure of the questionnaire, the content of the questions, and the indicators 

implied by the answers for this study, Table A6-1 in Appendix 6 provided detailed instructions on 

understanding the elements involved in this survey, which can be correspondingly found in middle 
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levels of Table 3-3 above, including óUsageô, óPreferencesô, and óPerceptionô. Also, it introduces the 

phrases used in this study for expressing indicators and elaborates on the meanings of indicators. 

Table 3-5 Descriptions on the four different UGSs investigated in Module 2 (Chapter 5) 

Different UGSs 

surveyed 

Description 

Type of greenspace Frequency of visits Mode of access 

UGS A All types of UGS except 

for parks (including buffer 

greenspace, plazas with 

greenspaces and regional 

greenspaces) 

The most frequently visited No restrictions 

Park A Parks The most frequently visited Modes of transport other 

than walking (including 

bicycle/moped, taxicab, 

private car and public 

transportation) 

Park B Parks The most frequently visited On foot 

Park C Parks The second most frequently visited On foot 

This table (Table A6-1 in Appendix 6) divides the main content of the questionnaire into three 

categories, organized into the four sub-themes of the survey content (echoing the four intermediate-

level compositions in Table 3-3). The three main categories consist of: 1) survey elements 

(corresponding to the factors contained in each middle level in Table 3-3), which were embodied in 

the questionnaire as questions, shown in the table with a grey underline; 2) characterization indicators 

of the elements, which are the characteristic values of the survey elements collected through the options 

of the questions, shown in the table with a blue underline; 3) explanations, used to elaborate the phrases 

or language appearing in 1) and 2), shown in the table with a yellowish underline. All these items are 

followed by their question/answer serial number for facilitating cross-checking with the appearance of 

the questionnaire in which the respondents participated (see Appendix 5). 

The data collected for measuring indicators were in formats of nominal variable, ordinal variable, and 

interval variable. Nominal variables are those with exhaustive and mutually exclusive properties for 

subtyping and category-based data sets (Abu-Bader, 2016, pp. 7-9), including indicators such as the 

reasons for visiting, the modes of transportation etc. Ordinal variables refer to variables that are 

measured in nominal terms but have sequential ordering attributes, such as satisfaction, agreement, etc. 

As introduced above, data on the extent of satisfaction, agreement, and importance collected in this 

questionnaire were ranked from 1 (strongly unsatisfied/ disagree; very unimportant) to 5 (strongly 

satisfied/ agree; very important), referencing the five-point Likert scale. The measurement of some 

nominal data (e.g., education) and ordinal data (e.g., travelling time, visiting frequency, visiting 
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duration) may in certain circumstances be translated into interval measurement units to accomplish 

different analytical usage. 

3.3.2.2.4 Validation 

Pilot study 

The initial version of the questionnaire was in English, and the first draft was revised twice by each of 

the three instructors to form a second draft. After the second draft was completed, it was translated into 

Chinese and used in a pilot study to test the logical feasibility of the questionnaire and the validity of 

the questions communicated. The participants of the pilot study included three colleagues with 

background knowledge in urban planning and landscape design, one local resident, and three non-local 

residents. Participation was through informal, semi-structured interviews. The whole process was 

divided into two stages, first participants completed the whole questionnaire independently, marking 

any confusing and obscure points in the process. Subsequently, the doubtful points were discussed and 

recorded through open communication with the participants. The whole process lasted from the 1st to 

the 15th of November 2019. Specific problems with improvements were summarised as below: 

The unclarity of expression in some language makes some questions seemly repetitive, for example, 

the same questions relating to different parks including the mostly visited park, the mostly visited park 

on foot and the second most frequently visited park on foot. 

The questionnaire is long and the answering process at the later stage could be boring, which makes 

respondents lose patience easily. 

Some terms were confusing to be understood by laypersons, such as some types of UGS, e.g., buffer 

greenspace, regional greenspace, and square greenspace. 

To deal with critical misleading and misunderstanding points in these comments, changes were made 

as follows: 

Parks in different usage levels were coded (e.g., [Park A], [Park B], [Park C]) after the question, which 

could reduce the time for respondents on recalling and distinguishing different parks when answering 

corresponding questions to them. 

The questionnaire was classified into separate sub-themes, which could draw participantsô attention 

again once they enter a new sub-theme. It also helped respondents with the distinction between diverse 

parks referred to in the questionnaire. 
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Some of the terms, for example, óaccessibilityô, were modified to include an explanation with the 

specific context, e.g., óthe extent of ease that you feel going to parks on footô. Regarding special terms 

that cannot be replaced, such as types of UGSs, they were commentated with followed specific 

examples for auxiliary understanding (e.g., óbuffer greenspace (the sidewalks along the green belt, 

etc.)ô). 

Minor revisions to the second draft were accomplished on the basis of these comments, resulting in a 

third draft, which was finally reviewed by the supervisor group. It was the final version of the 

questionnaire for the formal research study, which is available in both English and Chinese. 

Survey procedure and compilation 

As introduced in the Sampling paragraph above, the poster was the main media to distribute the 

questionnaire online. It was designed as shown in Figure 3-5, in which a QR code was attached for 

scanning to directly open the questionnaire. All participants were required to read the information sheet 

(see Appendix 30) and sign the consent form (see Appendix 31) before completing the questionnaire. 

The technical support for this online questionnaire was provided by  (wenjuan.com), a 

mature and widely used free and open platform in China for questionnaire design, distribution, 

collection, etc. The collection of the online questionnaire lasted from 15 November 2019 to 12 January 

2020. The collection of the paper questionnaire started on 15 November 2019 and ended on 19 

December, shortly after which the ensuing COVID-19 compelled the distribution of the offline 

questionnaire to terminate. 
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Figure 3-5 Poster of the questionnaire survey online 

3.3.2.2.5 Limitations 

Although the Internet has been widely accessible, some groups are more likely to participate within 

social media. Therefore, the composition of survey respondents is likely not to be representative of the 

population in Guangzhou. This was resolved by weighting the population in the analysis process. Some 

of the analysis results, where necessary (related to certain population characteristics), were double-

analysed (weighted and unweighted analysis) to ensure reliability. Please refer to section 3.4.2.2 for 

further details of the questionnaire weighting.  

Additionally, it is worth noting that, the response time to the whole questionnaire should be to some 

extent limited for ensuring that respondents read and answer all the questions seriously. This was not 

used as a mandatory condition to screen the collected questionnaires. The reason for this is to take into 

account that the jumping logic tree set in the questionnaire may make the answer time shorter for some 

people. To ensure the reliability of the questionnaire and the confidence of the data for analysis, I 

marked them by coding each question individually in the data preprocessing section (3.4.2.1).
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3.3.2.3 Module 3- Comparison study: the use of UGS in different countries; explore several 

types of UGS accessibility modelling 

This module investigated the comparison of UGS usage and preferences in two fields (Chapter 6 and 

Chapter 7). The number of long-term goals targeting planning new greenspaces increases with the 

consistent urbanization appearing in cities around the world. The whole process of creating the UGS 

in a city including planning, construction, management, intendance etc., should cover all stakeholder 

participation and perceptions, which could vary among levels of interest, cultural background, socio-

economic groups and so on (Lawrence et al., 2013). 

Firstly, the use and demand for green space varies within the same cultural context, due to some socio-

economic characteristics of people. As mentioned earlier, the accessibility analysis of green space is 

important for the planning and design of green space. Therefore, the first part of this module 

incorporated the population preferences into the traditional spatial accessibility model and employed 

different measures to gain the accessibility analysis results of Guangzhou parks from multiple different 

perspectives. The results of Module 3-1(Chapter 6) were examined in comparison with each other to 

provide guidance for future green space accessibility measurements in different contexts of use and 

demand. 

Module 3-2 (Chapter 7) presented a comparison of the use of green spaces by residents of different 

countries. It utilised surveys from two countries within eastern and western contexts to demonstrate 

potential socio-cultural impacts on UGS use and preferences. This chapter partly followed the analysis 

in Module 2, with the processing and similar analysis of raw data from a survey of the engagement 

with the natural environment in the UK (MENE). 
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3.3.2.3.1 Compare different UGS accessibility models  

Incorporate public preference 

This sub-section of the comparison studies can be separated into two stages. In the beginning, it 

explored the relationship between demographic characteristics (gender, age and education) and park 

accessibility measurement, which would be then quantified for constructing accessibility models.  

The Population- weighted adaptive thresholds for the modelling method have been stressed and applied 

within studies. For instance, the adaptive thresholds were used in a cumulative opportunities measure, 

where adding up the analysis unit of UGS within the designed threshold of walking trip lengths for 

different gender and age populations (Carolina et al., 2016). 

Types of measure models 

After its first stage of investigating the walking preference for park visiting relating to socio-

demographic characteristics, it next explored the park accessibility levels with four modelling methods 

at a city scale: 

Å General Buffer (unweighted) (GB), 

Å Population-weighted buffer (PWB), 

Å Mean Two-Step Floating Catchment Area (M2SFCAA) and 

Å Population-Weighted Two-Step Floating Catchment Area (PW2SFCA). 

Given two modes of distance measurement methods: straight-linear (crow-flies) and network distance; 

in total, there are eight types of park accessibility produced for the comparison. As the focus of this 

comparison was to explore the effect of different parameters and weights of incorporating population 

features on modelling methods, therefore, this research only selected 2SFCA for demonstration 

purposes (although there are alternative methods of basic 2SFCA such as enhanced 2SFCA, Three Step 

Floating Catchment Area (3SFCA), etc). The comparison of output from the various modelling 

methods was compared with each other to identify the impact of the parameters of accessibility models. 

It finally enabled more scientific and user-based guidance on park accessibility modelling principles. 

Methods of accessibility modelling 

Specifically, GB used mean preferred walking time for modelling the population accessing the area by 

creating buffers. The mean acceptable longest walking time was obtained from the calculation of the 
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correlation between related demographic characteristics and acceptable longest walking time through 

data analysis from the survey in Module 2. PWB took advantage of the demographic composition 

characteristics of different regions to acquire various walking times for generating buffers. M2SFCA 

employed mean acceptable longest walking time for modelling the two catchments based on the regular 

2SFCA analysis method. PW2SFCA utilised demographic composition characteristics of different 

regions for gaining various walking times to conduct the two floating areas on the basis of the initial 

2SFCA method. Finally, straight-linear and network distances were adopted for each method to get 

eight types of park accessibility. 

3.3.2.3.2 Overview of surveys in two countries: UK and China  

MENE survey 

The data used for comparison with this study were derived from the UK Monitoring of Natural 

Environment Engagement (MENE) omnibus survey, which is an open source available (via 

http://publications.naturalengland.org.uk/publication/2248731) under the Open Government License 

(NE, 2019). It was downloaded and pre-processed for secondary analysis, consisting of repetitive 

transcripts of interviewers in weekly timeframes. One survey was conducted over a one-year period, 

and the whole MENE survey lasted for ten years. It was undertaken by NE, a non-governmental agency 

sponsored by the UK Department for Environment, Food and Rural Affairs (DEFRA). The data also 

contribute to the UK governmentôs National Statistics Database. NE states that the survey is conducted 

by interviewers with professionally trained backgrounds, recorded face-to-face and with a prepared 

sample population, following computer-assisted scripts and collection protocols. The survey content 

can be divided into three categories by time span, weekly surveyed questions, monthly surveyed 

questions, and quarterly surveyed questions. 

Questions design of this survey mainly aimed at enrolling peopleôs experiences in their visits to natural 

environments, from which interviewers produced record data on these engagements such as visit 

frequency, motivations, barriers and so on. 

Rationale behind Guangzhou-London Comparison 

For the survey on UGS in China, Guangzhou was selected as the case study area. It is one of Chinaôs 

seven mega-cities, which is the highest category level in Chinaôs city hierarchy, along with Shanghai, 

Beijing, Shenzhen, Chongqing, Chengdu and Tianjin. Additionally, as reported by the United Nations 

Development Programme (2016), Guangzhou has the highest Human Development Index in China. In 

terms of the UGS condition in Guangzhou, the city has a green coverage ratio of 43.6% and higher per 

capita park area (17.3 m2) (Guangzhou Forestry and Garden Bureau, 2020) than any of the best well-
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known and largest megacities in China (Beijing, Shanghai and Shenzhen) (National Bureau of 

Statistics of the Peopleôs Republic of China, 2020). 

As for the UGS from a western country, London was selected as a case study, because of the extensive 

and detailed existing secondary data available from the Monitor Engagement with the Natural 

Environment (MENE) omnibus survey. This survey was conducted by NE from 2009 to 2019 (an open 

source available at: http://publications.naturalengland.org.uk/publication/2248731), covering the 

population across the whole of the UK. The UK is well known for its natural land and green space and 

contains over 62,000 UGS sites including public gardens and parks (Anderson, 2018), and London is 

covered by 40% of public green space, offering 16.3 (sq.m) parks per person (TravelBird, 2018). 

Considering the overall comparability between Guangzhou and London, reference to the amount of 

urban green space especially park area and the situation of their service for per person, these two cities 

were chosen as the comparison study objects for investigating differences and similarities of UGS use 

and preferences from human-oriented perspective in western and eastern cultural contexts. 

Establish comparability (between Guangzhou survey and MENE survey) 

The screening of the MENE survey data can be divided into three areas. It is important to acknowledge 

that the questionnaire survey for Guangzhou UGS was primarily centred on parks. Consequently, the 

comparison between the two surveys was solely based on the parks of UGSs. And as explained above, 

survey data in MENE survey used in Chapter 7 was filtered by their belonging regions as London. 

The second point concerned the selection of elements to be used for comparative analysis, which 

related to the selection of the data set for the MENE survey. This part of the comparison module 

regarding with MENE survey embraced the most extensive MENE dataset that refers to adultsô 

responses to questions about attitudes, experiences, and visits to UGS. The official compilation of these 

records was categorized into two datasets, óRespondent Dataô and óVisit Dataô. The respondents taking 

one or more visits in the past seven days to the natural environment were marked in the former dataset, 

in which these respondents were subsequently interviewed for more details on one of these visits for 

being recorded in the latter dataset. These two datasets were all in utilization for comparison study 

used within this research. The reason for choosing both is that the elements involved in the Guangzhou 

questionnaire are scattered across them. These items contained seven questions derived from the 

MENE óVisit Dataô, including óvisit durationô, óvisit activityô, ódistance to visitô, óvisit motivationô, 

óform of transportationô, óextent of enjoymentô, and socioeconomic characteristics (i.e., age, gender, 

dog ownership), and four questions from MENE óRespondent Dataô, including óvisit frequencyô, óvisit 

barrierô, óease of accessô and ósatisfaction of qualityô. 

http://publications.naturalengland.org.uk/publication/2248731
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Finally, in order to establish comparability between the two surveysô data in certain specific analytical 

contexts, interval restrictions were applied to the indicator values for some elements of the MENE data, 

where necessary, in the following ways. When comparative analyses were performed for visits to the 

park on foot, they were first fixed to walking as the mode of transportation. Second, a search criterion 

of fewer than 200 minutes of visit time and no more than 6 miles of destination distance was set, and 

data from records that met the conditions were used for the analysis. The definition of these interval 

values depended on the upper and lower ranges of the relevant indicators in the data of the Guangzhou 

questionnaire on the one hand and also were validated as the appropriate nodes of ranges used in related 

studies (e.g., Luo, Liu, Li, et al., 2017; Zhai, et al., 2022). 

3.3.2.3.3 Limitations 

Similar to Module 1, the lack of high-precision data, especially the census distribution at a lower 

administrative level, also existed as a deficiency affecting the accuracy of the results. The aggregation 

of geographic units into larger ones could overestimate the accessing area in this study. Another 

limitation could be that we cannot exhaustively analyse all the parks (in total 494) at an individual park 

scale one by one, which resulted in the average samples (the overall sample in total 2,360) allocated 

for each park in Guangzhou as only four responses. All the same, it does not affect the achievement of 

the main objective of this comparison study, to explore the relationship between the length of travel to 

parks and population characteristics and to demonstrate its feasibility and effects of being incorporated 

into common accessibility models. 

3.4 Data Preparations 

3.4.1 Spatial data pre-processing 

As introduction to the spatial datasets involved in this study in 3.3.2.1, there were four main types of 

datasets, namely roads, population settlement, township regions, and UGS distribution, which 

constituted the spatial elements used for analysing UGS accessibility. These datasets are subject to a 

uniform pre-processing as shown in the diagram before they are accessed for specialised processing 

and analysis in related modules as illustrated in Figure 3-6. 
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Figure 3-6 Flowchart of spatial datasets pre-processing 

In particular, the first step for pre-processing them was pre-projecting data with a unified projection 

coordinate system. The following procedures for processing varied from one dataset to another.  

Road Networks 

Road datasets contained several layers of road polylines, which covered roads at different 

ólevelsô/hierarchy such as county roads, urban roads, paths etc. These datasets of road polylines were 

separately split at points (the intersection of lines) and subsequently split at vertices of lines. This 

process was undertaken in order to portray the nodes of the shape of the road and the intersections in 

space that would be used to embody the connectivity of the junction in the real world. It also facilitated 

the creation of service area generation along paths with sufficient nodes to establish connections to 

other contiguous roads. Split lines in all the road datasets were merged into one layer to ensure the 

completeness of road data. The final road network features have been shown in Figure 3-7. 
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(a) Distribution of roads 

 
(b) Density of roads 

Figure 3-7 Distribution (a) and density (b) of road networks in the city centre areas 

Populations 
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As for population settlement data, input data was initially raster data with 250-meter grid cells 

including population counts. Population data were obtained by aggregating the fine spatial population 

data released by the Global Human Settlement (250-metre grid cells) (Schiavina, Freire & MacManus, 

2019)) to the areal township units that were larger. In total, this case study area contained 23,552 grid 

cells. It used Spatial Join for adding the population counts to 116 townships in the central city region.  

Original grid population counts and the final population data after the aggregation were displayed in 

Figure 3-8 (a) and Figure 3-8 (b) respectively. 

 
a. Grid population data (250-metre cell) 

    
b. Populationôs distribution in townships 

Figure 3-8 The grid population data in 250-metre cells and the population distribution across administrative units 
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The raster data were converted to point formation with population counts as the attribute. It was used 

as a population distribution dataset at the resident level (corresponding to óResidential pointsô in Figure 

3-6) in Module 2. In addition, the residential points data were aggregated to the larger geographical 

unit, township, which were employed as óPopulation regionsô at the administrative division level in 

Module 1. The use of administrative subdivision cells as units for population distribution statistics is 

intended to harmonise with the geographical units of the perceived accessibility measures in Module 

1. 

Urban Green Space (UGS) 

As for the UGS datasets, they comprised two forms of data i.e., point and polygon. The point data 

contained the accessible points of UGSs and the polygon data was the coverages of UGSs. As there 

were diverse types of UGSs recorded in the original OpenStreetMap datasets, the green spaces were 

filtered by spatial selection based on attributes for both datasets, which obtained two formations of 

parks data consisting of both points and polygons Figure 3-9. 

 
Figure 3-9 Distribution of all original park data from OSM 

Point data of parks were filtered out of non-related parks on the basis of a fuzzy search in parksô names 

answered by respondents in questionnaires. Missing parks were queried in both polygon data and 

coordinates online. Consequently, the point dataset contained entrances or centroids of parks, which 
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were comprised by processed original park point dataset and park polygon dataset. Of them, points of 

original point dataset including attribute identifying entrances of parks (around 70%) were screened 

out as a new dataset and used for selecting parks without sign of entrance points by testing its spatial 

relation with park polygons. Because only 28% of parks without entrance point were greater ones (over 

10 hectare), scattering on the periphery of the town. Therefore, there would be no outstanding 

distinction using centroids marked by the supplementary ówithout entrance pointsô park polygons as 

their access points. Here, it did not use the common method to establish access points along the 

perimeter of parks (Hoang et al., 2019). Because in China the periphery of lots of parks is usually 

fenced off and not accessible. An example of a park, ñXiaogang Parkò in Haizhu district of Guangzhou, 

is shown in Figure 3-10. As a result, the original point data and the supplementary point data of parks 

were merged into one data, representing the parksô entrances. As a result, the original point data and 

the supplementary point data of parks were merged into one data, representing the parksô entrances. 

   

Figure 3-10 Xiaogang Park in Guangzhou, has a fence along its perimeter and can only be accessible at entrances. 

Park polygons covered areas of parks. Parks in the óOfficial list of parksô published by the Guangzhou 

Statistics Bureau (open access via: http://lyylj.gz.gov.cn/zwgk/sjfb/content/post_3038159.html) were 

filtered out for spatial parks data by utilising a Spatial Join in ArcMap, where both points and polygon 

data were processed for jointly conducting access of parks. Filtered point parks data were manually 

checked for their spatial match to the park polygon data, and point data were then supplemented for 

those polygon data that had not matched the point features, taking a centroid representation in this case. 

During the spatial selection progress of parks, a buffer zone of 500 metres from the central city 

boundary was established as a selection boundary in order to attenuate boundary effects. The final park 

datasets used for analysis was shown in Figure 3-11. 
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Figure 3-11 Distribution of the processed park dataset used for this analysis. 

3.4.2 Empirical Data 

3.4.2.1 Questionnaire Coding 

For a more effective and efficient analysis of the empirical data collected by questionnaires, the 

answers to some questions of the survey were preprocessed with codes of their initial values. Coding 

can be interpreted from two levels, where on the one hand, answers to open-ended questions were 

coded for distinguishing their validity, as shown in Appendix 6. In this list, cells with text descriptions 

correspond to values that were used to flag the record value of the element, while gray cells without 

descriptions denote that the value was not used to encode the element. These validity codes were used 

to filter out invalid data during the subsequent analysis. For the elements involved in what was analysed, 

the analysis associated with those elements completely screened out records coded as ó0ô, kept to some 

extent records coded as ó2ô, ó3ô and ó4ô and retained records coded as ó1ô. 

At another level, original values of answers to the choice questions that included range variables (e.g., 

travel time duration, visiting duration, age groups, etc.) were assigned continuous values for improving 

the efficiency of further statistical analysis with keeping inherent implications of their descriptive data. 

Table 3-6 provides details on the coding values of certain factors obtained from questions in the 

questionnaire. It is worth noting that for elements associated with a time range, their coded value was 
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calculated by dividing the threshold of the original time interval by five (for example a time range of 

30-40 minutes was given a value of 8: 40/5). Time intervals with no fixed upper limit (e.g., more than 

60 minutes) were expressed uniformly as the lower threshold divided by five plus two (for example 

more than 60 minutes was given a value of (60/5) +2 = 14). This implies that for the defined values of 

the time range, each increase of 1 corresponds to an increase of five minutes in the time interval. In 

this way, the coding of the original values can not only facilitate analysis but also convey the 

information they contained. The defined values in these lists are for the original values of the elements 

that appeared in the questionnaire. In later analyses, based on some results suggesting that divided 

variables comprise too few samples, these interval ranges were merged into others to achieve an 

aggregation of samples, thus reducing the effect of small sample sizes on the analysis results. The 

redefinition of these specific variable values was identified and explained in the analysis section. 

Table 3-6 Defining values for factors. 

Factors Variables Value Factors Variables Value 

Question5-2, 8 

Travel time to UGS 

A/ Park A 

Less than 5 min 1 

Question18, 23 

Visit duration in Park 

B(C) 

Less than 15 min 3 

6 to 15 min 3 16 to 30 min 6 

16 to 30min 6 31 to 45 min 9 

31 to 40 min 8 46 to 75 min 15 

41 to 60 min 12 More than 75 min 17 

More than 60 min 14 Not sure 0 

Question9 

Ease of access to 

UGS A 

Very difficult 1 Question27, 30 

Satisfaction on 

characteristics of 

Park B(C) 

Question26, 29 

Satisfaction on the 

overall experience of 

walking to Park B(C) 

Very unsatisfied 1 

Difficult  2 Unsatisfied 2 

Neither difficult nor easy 3 
Neither unsatisfied nor 

satisfied 
3 

Easy 4 Satisfied 4 

Very easy 5 Very satisfied 5 

Question25, 28 

Walking time to 

Park B(C) 

Less than 5 min 1 

Question31 

Importance of factors 

Very unimportant 1 

6 to 15 min 3 Unimportant 2 

16 to 30 min 
6 Neither unimportant nor 

important 
3 

31 to 40 min 8 Important 4 

More than 40 min 10 Very important 5 

Question16 

Frequency of 

visiting Park B 

Less than once a month 1 

Question32 

Willingness to walk 

further to Park B 

Willing 1 
Once a month 2 

Twice a month 3 
Unwilling 2 

Once a week 4 

Twice to three times a 

week 

5 

Not sure 3 

Every day or more often 6 

Question34 

Preferred walking 

time/ Acceptable 

longest walking 

time 

Less than 10 min 2 

Question33 

Attitudes towards 

viewpoints 

Totally disagree 1 

11 to 20 min 4 Disagree 2 

21 to 30 min 6 Neither disagree nor agree 3 

31 to 40 min 8 Agree 4 

More than 40 min 10 Totally agree 5 
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3.4.2.2 Demographic Characteristics Weighting Method for Survey Samples 

The objective of conducting the questionnaire survey was to explore the preference and usage of UGSs 

among the sampling population, which are further representative of the general population regarding 

sociodemographic characteristics (Bateman et al., 2002). It is therefore essential to examine how 

representative the population characteristics of the sample are of the population as a whole for this 

hypothesis. As a result, a chi-square test was undertaken to monitor the validation of sample data 

compared with the population census of Guangzhou (Guangzhou Statistic Bureau, 2010), where the 

sociodemographic characteristics were age, gender, and education. Table 3-7 provides details of the 

demographic comparison between the census and respondent population. Taking gender groupsô 

weights for an example, the number of male respondents surveyed (61.02% of respondents were male) 

was higher than its proportion in the whole population (as shown by the census proportion of 51.88% 

males. The weight was therefore calculated by dividing the male proportion in the expected target 

population (obtained from the census) with the male proportion from the sample survey (51.88/61.02 

= 0.85) . Therefore, when survey data are analysed for gender differences, the corresponding values 

for males would have a reduced impact in correlation (with its weighting of less than 1). This weight 

calculation was generated through the óWeight Casesô operation in SPSS Statistics 26. Weighting was 

applied for both genders, age categories and education classes as shown in Table 3-7. 

The detected differences were then used for computing corresponding weights for each 

sociodemographic group. In the subsequent analyses involving these sociodemographic factors, they 

all applied both weighted and unweighted types of analysis. Tables for the respondentsô profile of 

online and paper questionnaires were provided in Appendix 7. 
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Table 3-7 Validation of the representatives of population samples compared to census data and weights for each 

population group. 

Item Category 
Observed 

Count 
Survey % 

Expected 

Count 
Census % Difference Weight Chi-square 

Gender 
Male 1478 61.02 5331127 51.88 9.14 0.85 

117.736*** 
Female 944 38.98 4944021 48.12 -9.14 1.23 

Age 

18-24 303 12.51 1862543 18.13 -5.62 1.45 

947.187*** 

25-30 869 35.88 1468606 14.29 21.59 0.40 

31-40 952 39.31 2499930 24.33 14.98 0.62 

41-50 238 9.83 2001680 19.48 -9.65 1.98 

51 and over 60 2.48 2442389 23.77 -21.29 9.58 

Education 

Primary school and 

below 
37 1.53 2142853 17.70 -16.17 11.57 

1181.175*** 

Junior high 

school/High 

school/Technologica

l academy 

813 33.57 7469316 61.71 -28.14 1.84 

College 631 26.05 1221764 10.09 15.96 0.39 

University 770 31.79 1116627 9.23 22.56 0.29 

Master and above 171 7.06 153297 1.27 5.79 0.18 

*** indicates the Asymptotic Significance value near to 0 

3.4.3 Data used in 2SFCA Analysis 

The construction and analysis steps of the regular 2SFCA model have been highlighted in the 

Equations 3-1 and 3-2 in 3.3.2.1. When it was applied to this study case, the correspondence between 

the variables in the model and the spatial data was presented in the Table 3-8. 

Table 3-8 2SFCA model variables counterpart of the practical data for spatial accessibility measurements of parks 

Elements in the 

2SFCA model 
Descriptions Data in practice Type of variables 

d Service radius of parks Proper walking distance Textual attributes; Input 

S 
Parksô service area within its service 

radius for pedestrians 

First catchment areas (Figure 

3-12) 

Spatial location with attributes; 

Output and Input 

j Accesses to parks 
All accesses of parks (as 

shown in Figure 3-11) 
Spatial location; Input 

R Population counts Grid population data 
Spatial location with attributes; 

Input 

i Population locations 
Centroids of each population 

grid 
Spatial data; Input 

ATP 
Service capacity (size) of each park 

by its serving people 
Area-to-population ratio 

Textual attributes; Output and 

Input 

A 
Final accessibility indicator of each 

residential region 

Total area of parks that serves 

the residential region within 

walking thresholds 

Spatial location with attributes; 

Output 

To be specific about each element in this model, d designated the service radius of each park, which 

equated to what people deemed to be the appropriate walking distance to visit a park, defined as one 

kilometre (approximately 12 minutes walking time) by synthesising the indicators used in previous 
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related studies (as shown in Table in Literature Review 2.2.3.1)and the data collected in this study 

(mean value of óAcceptable longest travel timeô collected in questionnaire survey of Module 2). S 

referred to the service area generated in each park for them, where the route-building model adopted a 

network analysis, which involves the use of road network distances rather than straight-line distances. 

Its result was shown in Figure 3-12. j meant the serial number of each access of parks, which in analysis 

was matched to the spatial locations of all parks (park point data in Figure 3-11 above). R in the model 

was the number of people served by the park, which was in practice the number of residents situated 

within the catchment area, corresponding to the grid population data (using the 250m Global Human 

Settlement Data as previously described). The use of statistical units of higher precision here was 

intended to rationalise the calculation of the number of residents covered by the parkôs catchment area 

in space. i was the serial number of population grid, and matched with the geometric centroids of 

population grids at spatial analysis level. ATP was the output of the first step of the model, expressed 

as values of a parkôs area divided by its serving population, which were stored as an attribute in the 

park point data. A was the ultimate output of the model and denoted the park accessibility indicator in 

the region, where the geostatistical unit of the accessibility indicator is the post-agglomeration 

demographic area (i.e., townships). The value connotes the cumulative capacity (ATP) of all parks 

available to residents within an appropriate walking distance (same as d) of the area. This accessibility 

indicator was then classified on a five-point scale from óVery poorô to óVery goodô using the Natural 

Breaks (Jenks) classification method. 

 
Figure 3-12 The calculated first catchment area of 2SFCA analysis on park accessibility  
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Results and Discussion (Chapters 4-7) 

This part gives details on the data analysis process and presents and interprets the results, aiming to 

answer the nine research questions raised in Introduction, where a flowchart (Figure 3-1) of this study 

showing its three modules included, in which the research questions were respectively explored. Each 

module corresponded to achieve objectives that were listed in paragraph 3.1 and denoted in Figure 3-

1. Although the process of data analysis is organised into three modules based on three themes, the 

process and results of the analysis were interlinked in terms of methodological logic and process. These 

interrelationships can be reflected through the type of data sets, the structural role, and the fulfilment 

of objectives. 

In terms the types of data sources, in Module 1 (Chapter 4) data analysis was based on the mixture of 

empirical data from questionnaire survey that was produced in Module 2 (Chapter 5), and spatial data 

collected and pre-processed from existing geographic secondary datasets. Analysis in Module 2 

consisted entirely of primary survey data. In contrast, in Module 3, Chapter 7 compared primary data 

from Module 2 with other existing secondary survey data collected by NE. 

Regarding the structural role aspect, the whole study can be considered as taking Model 2 as the core, 

since the major information about the key elements of UGS usage and preferences (i.e., people and 

UGS) is encompassed in Model 2. Model 1 and Module 3 make use of some information from Model 

2 as an empirical basis and part of the quantitative tools for constructing accessibility assessments from 

different perspectives, respectively. For instance, questionnaire survey in Module 2 contributed the 

information on validations of the association between population groups and UGS accessibility to 

provide evidence for the incorporation of the public preferences with developing accessibility models 

in Chapter 6 of Module 3. 
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Chapter 4 Results and Discussion of Module 1- Spatial 

Modelling Accessibility (SMA) and Public Perceived 

Accessibility (PPA) of Parks 

4.1 Introduction of Module 1 

This chapter explores the accessibility of UGS from both spatial and public-perceived perspectives 

through spatial modelling, employing geographical datasets and empirical data, respectively. Three 

main aims here are: 

 ̧ To investigate the spatial walking accessibility of UGS at spatial and actual-perceived levels. 

 ̧ To reveal the disparity of measurements on UGS accessibility in two aspects (spatial models of 

accessibility / perceived accessibility). 

 ̧ To produce factors with weights of their effects on leading public-perceived accessibility (for 

example, differences in acceptable longest travel distance by age).  

This chapter was divided into two sections where contents include: 

4.2 SMA Measurement and 4.3 PPA Measurement for the first section. 

This work undertook spatial modelling of UGS accessibility, utilising geographic distribution of 

population and park entrances and networks for connections to generate accessing levels. It also 

conducted public-perceived assessment on UGS accessibility, obtained by self-rated accessing levels 

from a questionnaire survey. The purpose of this section is to discover regions in Guangzhou lacking 

proximity to UGS from two aspects, as well, in order to achieve the first aim. 

Analysis methods included the 2SFCA model, service area analysis, descriptive data analysis and 

spatial relating analysis. The results for two types of accessibility assessment were visualised on the 

map with five dimensionless accessing levels. The analysis objects were 237 parks and residents in 

Guangzhou's central city area (covering six districts). The sample size of the questionnaires used for 

data analysis in this section is 2,065, reaching the standard of a confidence level of 99% (with a 

confidence interval of Ò 5%). 

4.4 The Disparity amongst SMA, PPA and Satisfaction for the second section. 

This section contains two sub-topics, with the first focused on calculating the discrepancies between 

accessibility levels of the same regions in Guangzhou based on the results gained in 3.2 and 3.3. The 
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second targeted determining weights of overlooked factors for modelling spatial accessibility, whereas 

ones being stressed by public perceptions that have an impact on accessing to UGS. This section gave 

an insight into the comparison between different accessibility measurements. Moreover, it had a further 

step in the inquiry into hidden factors of realistic accessibility. 

Analysis methods mainly consisted of spatial calculations in ArcGIS and the Analytical Hierarchical 

Process (AHP) model. The result for differences was summarised in a statistical table with an 

accompanying map. The result for weights of factors were values, which can be introduced to UGS 

accessibility assessment models in the future. 

Some work related to this subsection reused the authorôs published article (Ma, Bindley & Lange, 2023) 

with paraphrasing. 

4.2  SMA Measurement 

4.2.1 Data Preparations 

As introduced in the last sub-section, this measurement focused on the central city area constituted by 

its six districts: Yuexiu District, Haizhu District, Tianhe District, Liwan District, Baiyun District and 

Huangpu District, as shown in Figure 3-2 of sub-section 3.3.1. The reasons for selecting the urban 

areas rest with two main aspects. First, they are primarily urban populations, with only ten per cent of 

people employed in agriculture, meaning that people could be more likely to participate in UGS visits. 

It also depicted that most of the residential quarters lie in the centre. Second, respondents of the 

collected questionnaires were primarily located in this region (Table 4-1), and few samples in other 

districts could not represent the overall condition of how people perceived the accessibility of UGSs 

there. 

Table 4-1 The proportion of respondents in urban and rural areas. 

 Count Per cent 

Urban areas 2,237 92.36% 

Rural areas 185 7.64% 

Datasets used for measuring the SMA in this region have been explained in 3.3.2.1. 

As for population distribution, Figure 3-8 in 3.4.1 indicates that the population in Guangzhou is mainly 

clustered in the south-west, primarily comprising the whole of Yuexiu District and the bordering areas 

of several districts adjacent to it, such as the north-western part of Haizhu District, the north-eastern 

part of Liwan District, the southern part of Baiyun District and the western part of Tianhe District. 

Both aggregated population in townships and grid population data were used in analyses. 
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The roads dataset contained several different types of roads as introduced in 3.3.2.1 . These were 

merged into one dataset and then split at vertices. The partition of roads facilitated the creation of 

service area generation paths with sufficient nodes to connect to other contiguous roads. The final road 

network features have been shown in Figure 3-7 (in 3.4.1). 

4.2.2 Regional distribution characteristics of parkôs SMA 

To examine the final SMA of parks in terms of regional distribution characteristics, descriptive 

statistics on park accessibility were taken within all population units (at the township level) in each 

district, and the results are shown in Table 4-2. 

Table 4-2 Zonal descriptive statistics of SMA values for parks within the central city 

District 

SMA value 

Median Minimum Maximum Standard Deviation Mean 

Baiyun 1175.75 .46 68882.89 19326.84 12184.31 

Haizhu 221.41 15.47 122965.84 32285.29 14982.03 

Huangpu 1686.33 .00 41782.43 13897.97 9901.12 

Liwan 169.21 4.50 1222.95 250.92 214.07 

Tianhe 2462.61 1.87 90841.16 25482.31 11679.91 

Yuexiu 120.69 4.11 11285.82 2629.65 896.45 

In comparison, the maximum SMA of parks was found in the Haizhu district, which also recorded the 

highest average SMA. Tianhe District and Baiyun District followed the other two districts with average 

spatial accessibility values above 1,000. As the accessibility values for some streets appeared as 

outliers (Figure 4-1(a)), Figure 4-1 (b) offered a zoom-in depiction of the accessibility values via the 

scatter. However, accounting for the distribution of original spatial accessibility values did not conform 

to a normal distribution (at ósig. = 0.00 < 0.05ô level for Kolmogorow-Smirnov (K-S) test), it was more 

logical to look at the distribution of spatial accessibility using the median indicator. On this basis, it 

can be observed that the overall spatial accessibility ranking for Haizhu district falls to fourth, with 

Tianhe district at the top and Yuexiu district at the bottom. 
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(a) 

(b) 

Figure 4-1 The distribution of SMA values in districts (a: the boxplot of all SMA values; b: the scatter of accessibility 

values with deviations removed) 

To determine the overall spatial access to parks by district, the SMA values were classified into five 

levels, and their distribution across districts was exhibited in Figure 4-2. Good access (including óEasyô 

and óVery easyô) was least found in Liwan District, except for Yuexiu District, which contained over 

half of the regions with inadequate access (óDifficultô and óVery difficultô) to parks. 
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Figure 4-2 Proportion of the classified SMA level of parks in each district 

In order to further identify the geographic distribution features of the SMA of parks, a spatial 

autocorrelation analysis was undertaken based on shared boundaries to define the spatial relationships 

of the elements. The generated analysis (Figure 4-3 (a)) indicated that the accessibility indicator values 

exhibited a spatially positive correlation (global Moranôs Index = 0.265 > 0.00 and p-value < 0.00). 

This suggested that the SMA of parks tended to undergo spatial clustering where high values clustered 

with high values and low values with low values. This is similar to the spatial clusters of both quantity 

and quality of green spaces in Guangzhou, evidenced by Wang et al. (2021). 

Specifically, poorer park SMA appeared to agglomerate more significantly in the old town area, 

including the central part of Liwan district as well as the north-eastern part, which bordered the ólow-

lowô agglomeration in the southwestern part of Yuexiu district. In addition, clusters of poorer spatial 

accessibility to parks also occurred in the western part of Haizhu district. However, a striking change 

lies adjacent to this ólow-lowô cluster, in its south-eastern corner, where the poorer park SMA 

demonstrated a clustering of higher spatial accessibility areas. In conjunction with the map of park 

polygons, this change may be attributed to the presence of larger and more densely distributed parks 

around the area (especially on the east side). This is evident and similarly explained in previous studies 

on the accessibility of green spaces in Haizhu. Zhu et al. (2019) found that the western and central 

parts of Haizhu had a small land area despite a dense distribution of green spaces and that people in 

these areas also had poor spatial proximity to green spaces. Additionally, the accessibility of green 

spaces in the central and eastern regions was somewhat higher than average (Zhu et al., 2019). They 

suggested that this was related to several ecological reserves in these parts of the Haizhu District. 
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With this in mind, the óhigh-highô clustering phenomenon in the east-central part of the Haizhu district 

could also stem from this, i.e., the successive distribution of large parks in patches. The óhigh-highô 

gathering in the Tianhe district could also be interpreted in this way. However, the areas in the central-

eastern part of Baiyun district where the óhigh-highô agglomeration appears did not feature large parks 

closely situated in their vicinity, despite the dense distribution of parks visible around them. Therefore, 

subsequently, when this clustering block map was overlaid with the population distribution map 

(Figure 3-8(a)), it became evident that the óhigh-highô clustering in Tianhe district and Baiyun district 

may be due to a sudden decrease in population density relative to the surrounding area, while the 

surrounding area was less populated and had a uniform and intensive park distribution. In turn, the 

area presented a pattern of high spatial accessibility to parks and was surrounded by other areas of high 

spatial accessibility. Furthermore, it can be roughly detected that many of the ólow-lowô clusters of 

park spatial accessibility tended to occur in areas with higher population densities by examining these 

two maps together. This is consistent with Zhu et al. (2019), who highlighted that the over-

concentration of the population had led to the development of green spaces in the western part of the 

Haizhu District that hardly met the need for spatial proximity. 
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a. Analysis report of spatial autocorrelation of parkôs SMA 

 
b. Spatial cluster map of parkôs SMA 

Figure 4-3 Results of autocorrelation analysis of the SMA of parks- spatial clustering (a: Spatial autocorrelation report; b: 

Spatial cluster map) 

Overall, the results in Figure 4-3(b) are different from another study on street view greenness quantity 

and quality, which indicated óHigh-High Clusterô mainly in the west and óLow-Lowô clusters mostly 

in the east (Wang et al., 2021). This contrast could be understood in the way that the western regions 

of the central city (for example, Liwan and Yuexiu districts) are old towns with little space for adequate 
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UGSs (Wang et al., 2021), where the green spaces could consist of more street plants (Ye et al., 2018) 

instead of parks demanding large coverage area. 

4.2.3 Spatial supply of parks differing in socio-demographic populations 

Since socio-economic conditions may not be entirely homogeneous geographically, there should have 

been a degree of variation in the socio-demographic characteristics of the population in each region, 

including gender ratios, age structures and educational attainment. Furthermore, the UGSs are 

commonly not evenly distributed in the urban area, as demonstrated in 3.4.1 and stated by other studies 

(e.g., Barbosa et al., 2007; Ernstson, 2013). Therefore, the potential variability in the level of SMA of 

parks to different populations at the regional distribution level could also represent an inequity in the 

spatial provision of parks for particular groups (Kabisch & Haase, 2014).  

Specific correlations were explored through the use of Pearsonôs Correlation and non-parametric 

correlation (Spearmanôs Correlation) analyses in which the SMA of the regionôs parks that the log 

function had normalised, were examined in terms of three demographic characteristics, including 

gender, age and educational background, concerning demographic composition characteristics. The 

results in Table 4-3 show no significant correlation between any of the compositional characteristics 

(share) of the population of each neighbourhood by educational background and gender and the spatial 

accessibility of parks in the area. This implied that peopleôs access to park services at the spatial level 

was not differentiated by their different levels of education and gender. This is also in line with earlier 

findings that the education (Wei, 2017) variable of individuals has no impact on their ease of accessing 

green spaces. However, inconsistently, a study confirmed the significant effect of education 

(W¿stemann, Kalisch & Kolbe, 2017) and housing on green space accessibility for individuals (You, 

2016). Shan (2014) also verified better accessibility to UGSs by residents of higher socio-economic 

status. Previous researchers mostly identified a correlation between gender and spatial accessibility to 

UGSs (e.g., Maas et al., 2006; Wu et al., 2022). 

Table 4-3 Correlations between sociodemographic components of townships and their SMA to parks 

 Homogeneity of Variances Test Value Sig. 

Sex ratio Yes Pearson Correlation 0.175 0.061 

18-24 years old (%) Yes Pearson Correlation 0.259 0.000*** 

25-30 years old (%) Yes Pearson Correlation 0.251 0.007** 

31-40 years old (%) Yes Pearson Correlation 0.160 0.086 

41-50 years old (%) Yes Pearson Correlation -0.199 0.033* 

51-60 years old (%) No Spearmanôs Correlation -0.432 0.000*** 

Over-60 years old (%) No Spearmanôs Correlation -0.406 0.000*** 

Primary school and 

below (%) 
Yes Pearson Correlation 0.078 0.407 

Senior and junior 

school (%) 
Yes Pearson Correlation 0.159 0.087 

College (%) Yes Pearson Correlation -0.166 0.074 

Postgraduate and 

above (%) 
Yes Pearson Correlation -0.073 0.438 
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In contrast, there was a significant correlation between the proportion of each age group within the 

statistical area (except for the middle age group of 31 to 40 years old) and the SMA of parks., Previous 

findings of related studies highlight that the spatial distribution of parks might not serve certain age 

groups equitably (Guo et al., 2020; Gong, Ng & Zheng, 2016). 

Specifically, combined with the points plot of each townshipôs spatial accessibility of parks within this 

region (Figure 4-4 (a)), young people (under 30 years old) were more likely to live where the access 

to parks at the space level was better. This was evidenced by both the negative coefficient of the 

correlation (Table 4-3 above) and the appearance of higher accessibility indicators at a higher 

percentage of younger people. It is consistent with a study by W¿stemann, Kalisch and Kolbe (2017), 

where young people aged under 25 years are demonstrated to access more UGS resources in their 

neighbourhoods. However, as the proportion of older people (over 40 years old) increased, there were 

more dots gathering into the smaller values of the parkôs spatial accessibility indicator, especially for 

the areas with a relatively large group of older people aged 50 and over. Correlation values of -0.432 

for ó51-60-year per centô and -0.406 for óover-60-year per centô all at p-value is less than 0.001 

significance level had also confirmed the negative correlation that the more elders in a region, the 

lower spatial access to parks there. Whereas in one study, the over 65s were identified to have the same 

access to urban green space resources as the under 25s in their vicinity (500m straight line distance) 

when compared to other age groups (W¿stemann, Kalisch & Kolbe, 2017). The age composition of 

these townshipsô characteristics of different wards and its formation of a pattern of variability in 

relation to spatial accessibility was revealed by the dot plots of the spatial accessibility indicators for 

each township park in Figure 4-4 (b), in which the townshipôs administrative district was colour coded. 

In this way, it is possible to identify the characteristics of certain boroughs in terms of their age 

composition, which at the same time corresponds to differentiated spatial accessibility levels. 

The series of five grouped scatters in Figure 4-4 (b) suggested that the majority of townships have 

between 10 and 30 per cent of 18- to 24-year-olds. The blocks with a higher proportion of young people 

were mainly found in the Huangpu district and Tianhe district. They also have much higher-than-

average levels of access to parks in space. It is worth noting that the proportion of 25- to 30-year-olds 

was relatively low in all of these townships and that they were also relatively evenly distributed. The 

Haizhu district and Liwan district had the most blocks with a low proportion of 25ï30-year-olds (less 

than 10 per cent), and their park accessibility indicators were clustered around the average range of 

values (around 2.5 to 7). When the townships have more than 16% of people in this age group, it can 

be seen that most of these areas were from Tianhe District, Huangpu District and Baiyun District, and 

their spatial accessibility levels were mainly above average. 
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As for the proportion of the population aged 41 to 50 in the area that was tested for negatively 

correlating with park accessibility, they were lower in Tianhe and Huangpu districts (less than 15%) 

and corresponded to higher levels of spatial accessibility to parks, mostly above 7.5. Once the 

proportion of the population in this age group in the block approached or exceeded 20%, spatial 

accessibility levels tended to cluster in the low end (around 5). Most of them, with people aged 41 to 

50 taking up more than 20 per cent, were mainly from the neighbourhoods in Yuexiu district and 

Haizhu district. However, these clusters at low levels of spatial accessibility were not sufficiently 

regionally representative, as some of the low values corresponded to other districts (e.g., Huangpu 

district). This regional representation of clusters of low accessibility values was more strikingly 

manifested in the correlation between spatial accessibility to parks and the proportion of the population 

aged over 50. As the two rightmost dot plots in Figure 4-4 (b) suggested, for those blocks with more 

than 15% of the population over 50 years of age, almost all the accessibility levels were below 7.5. 

This concurs with the outcome of another analysis of the equity perspective on the provision of green 

space in Guangzhou, which reveals inequities in access to adequate urban green space for people aged 

65 and over, inequities that are present in 59.71% of neighbourhoods in the inner city of Guangzhou 

(Yang, Yang & Zhou, 2022). 

Furthermore, all these blocks were found to belong to Yuexiu District, Haizhu District and Liwan 

District, except for one or two exceptions from Tianhe District. These old urban regions in Guangzhou 

contain more old-built communities that are commonly low-quality in housing conditions, feature 

more old people living there with typical vulnerable groups, and proved to correlate with insufficient 

access to UGSs (Yang, Yang & Zhou, 2022). Yuexiu district featured a high proportion of older people 

(over 50 years old) in its areas, with only one block with less than 10% of the population aged 50 to 

60 and only two blocks with less than 15% of the population aged over 60. 
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(a) Scatter of parks SMA in the township by its age composition 

 
(b) Grouped scatter of parkôs accessibility in the township by its age composition and district 

Figure 4-4 Distribution of parkôs SMA of all townships by age composition of them 
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4.2.4 SMA Measurement Summary 

Although people in different streets were calculated with different spatial accessibility to parks, there 

was a general finding that highly populated areas were more likely to suffer from patches of poor 

access to parks. The western part of Hazizhu District is a typical example. Moreover, it also highlighted 

an inequity of park service for old groups (over 50 years). Yuexiu district, with the highest proportion 

of people aged over 50, was found to have the lowest spatial accessibility level and significantly 

correlated with age factor. 

4.3 PPA Measurement 

As previously discussed in the literature review, perceived accessibility, in the context of assessment, 

primarily focused on assessing spatial proximity and transportation convenience. The prevailing 

approach is generally to capture peopleôs subjective perceptions of accessibility levels through self-

reported data in questionnaires. As this experiment had fixed the mode of transport as walking, it 

therefore, measured peopleôs perceptions of accessibility based on spatial proximity. This data was 

obtained from Question 34-1 of the questionnaire (specific descriptions see Table A6-1 in Appendix 

6), which deals with peopleôs perceptions of degree and spatial distance. The data collected defined 

perceived accessibility values on a five-point Richter scale ranging from low (1 for óvery difficultô) to 

high (5 for óvery easyô).  

Some scholars have highlighted differences between perceived accessibility and related concepts, such 

as satisfaction. These arguments considered satisfaction as the overall perception and subjective 

evaluation of residents on all aspects of the facilities, which should be a more comprehensive and 

multi-level indicator system and broader in its scope of assessment (Porta & Renne, 2005). Given that 

accessibility has been discussed in the literature review as interacting with multiple factors and not 

simply affected by spatial proximity, this study also assessed the perceived satisfaction with parks 

within peopleôs subjective recognition of accessibility, corresponding to Question 34-2 (see Table A6-

1 in Appendix 6). Likewise, a five-point Richter scale was used, ranging from low to high. 

4.3.1 Statistical analysis of PPA and satisfaction 

Before investigating the study site of the central city area, questionnaire data were checked to identify 

the impact of three socio-demographic characteristics (age, gender and education) of people on their 

perception of accessibility to parks. 
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Like Dixit and Siva-kumar (2020) suggesting the effect of socio-demographic factors (age, gender and 

income) on self-reported accessibility, the analyses verified correlations between age, gender and 

education of residents and the PPA and satisfaction of their walking reachable parks (Table 4-4). 

Table 4-4 Analysis results on the correlations between demographic characteristics of people and PPA and satisfaction of 

parks 

 Chi-square test Perceived accessibility Satisfaction on accessible parks 

Age 
Value 330.244 a 229.962 a 

Sig. 0.000 0.000 

Gender 
Value 28.759 a 38.437 a 

Sig. 0.000 0.000 

Education 

Value 355.946 b 215.650 b 

Sig. 0.000 0.000 

Goodman and Kruskal tau   

Value 0.037 0.020 

Sig. 0.000 0.000 

a. Less than 5% cells have expected count less than 5; b. More than 5% cells have expected count less than 5. 

4.3.1.1 PPA 

Results from a crosstab analysis in Table 4-5 displayed the detailed distribution of PPA levels across 

the three population groups. It indicated that older people aged over 60 were the age group feeling the 

most difficult to walk to their reachable parks around their houses (70.6%). Meanwhile, there was also 

the lowest percentage of these old people agreeing with easy or very easy access to parks within their 

acceptable walking distance. This has been found to be true in other studies, as older people are less 

physically active than younger people and, therefore, experience poorer park accessibility in the same 

environment (Dixit & Sivakumar, 2020). However, the other age group that featured a similar 

phenomenon to the old was, surprisingly, the younger (18-24-year-old), although the share of them 

citing óVery difficultô was 16.7 per cent, which was still twice than those of the other age groups 

(ranging from 25 years to 60 years). This phenomenon may be caused more by other influencing 

factors, including bias in the data collection process (Ryan & Pereria, 2021) and personal preference 

and self-selection bias (Bohte et al., 2009). The former refers to a typical example that a respondentôs 

subjective interpretation of questions could lead them to socially regular answers or something like 

this, resulting in biased data. Preference and self-selection bias means that, for instance, if a person has 

a strong love for the natural environment, then they will have a higher expectation of access to green 

spaces and thus influence their self-rated perceived park accessibility. Younger peopleôs citation of 

poor PPA to parks can be explained by their lack of time walking to visit parks or no concerns about 

nearby parks. 

As for the gender group, women tended to perceive better access to parks within their walkable 

distance than men, which was represented by a proportion of females mentioning óVery easyô level and 

less percentage of them assessing óVery difficultô and óDifficultô. This is similar to the finding of Ode 
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Sang et al. (2016); they explained the reason could be the strong perceptions of UGSôs features by 

women than men. 

In terms of the educational background of residents, 47.2 per cent of the less-educated people (primary 

school and below) graded their PPA with 1 (very difficult), which far exceeded that of the other 

educational groups, accounting for the less-educated peopleôs difficulty, at perception level, with 

getting to a park within their acceptable walking distance. This finding is reinforced by two ideas, the 

first of which is that highly educated people possess more sensitivity in perceiving the attractiveness 

of green spaces and thereby visit them more frequently than relatively low-educated ones (Gu, Li & 

Chand, 2020). Second, the spatial access to UGS is pointed out with worse status for lower SES groups 

in much research (e.g., Tu, Huang & Wu, 2018; Bahrini, Bell & Mokhtarzadeh, 2017). 
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Table 4-5 Distribution of levels of PPA across different socio-demographic groups 

PPAôs level Statistical item Demographic variables Total 

 
 

Age  

18-24 25-30 31-40 41-50 51-60 60+ 

Very difficult 
Count 73a 26b 42b 46b 38b 48c 273 

% within Age 16.7% 7.5% 7.1% 9.7% 7.6% 70.6% 11.3% 

Difficult 
Count 30a 33a, b 41a 36a 67b 0c 207 

% within Age 6.9% 9.5% 6.9% 7.6% 13.5% 0.0% 8.6% 

Neither difficult nor easy 
Count 88a 58a, b, c 76c 69b, c 86a, b 10a, b, c 387 

% within Age 20.1% 16.7% 12.9% 14.6% 17.3% 14.7% 16.0% 

Easy 
Count 171a, b 136a, b 257b 184a, b 172a 0c 920 

% within Age n 39.1% 39.2% 43.5% 39.0% 34.6% 0.0% 38.1% 

Very easy 
Count 75a 94b 175b 137b 134b 10a 625 

% within Age 17.2% 27.1% 29.6% 29.0% 27.0% 14.7% 25.9% 

Total 
Count 437 347 591 472 497 68 2412 

% within Age 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 
 Gender  

Female Male 

Very difficult 
Count 71a 133b 204 

% within Gender 6.1% 10.6% 8.5% 

Difficult 
Count 77a 111b 188 

% within Gender 6.6% 8.8% 7.8% 

Neither difficult nor easy 
Count 166a 203a 369 

% within Gender 14.3% 16.2% 15.3% 

Easy 
Count 529a 472b 1001 

% within Gender 45.7% 37.6% 41.5% 

Very easy 
Count 315a 337a 652 

% within Gender 27.2% 26.8% 27.0% 

Total 
Count 1158 1256 2414 

% within Gender 100.0% 100.0% 100.0% 

 

 

Education 

 

Primary school and 

below 

Senior and junior 

school 

College and 

university 

Postgraduate and 

above 

Very difficult 
Count 197a 191b 26c 3b, c 417 

% within Education 47.2% 12.8% 5.5% 9.7% 17.3% 

Difficult 
Count 35a, b 149b 28a 4a, b 216 

% within Education 8.4% 10.0% 6.0% 12.9% 9.0% 

Neither difficult nor easy 
Count 23a 243b 74b 5b 345 

% within Education 5.5% 16.2% 15.8% 16.1% 14.3% 

Easy 
Count 81a 554b 206c 11b, c 852 

% within Education 19.4% 37.0% 43.9% 35.5% 35.3% 

Very easy 
Count 81a 359b 135c 8a, b, c 583 

% within Education 19.4% 24.0% 28.8% 25.8% 24.2% 

Total 
Count 417 1496 469 31 2413 

% within Education 100.0% 100.0% 100.0% 100.0% 100.0% 

Each subscript letter denotes a subset of Education categories whose column proportions do not differ significantly from each other at 

the .05 level. 

After the further exploration of between-subject effects of populations on PPA, it demonstrated that 

the interactions of gender and education (F value of 6.079, p < 0.001) and education and age (F value 

of 1.815, p < 0.05) could result in significant differences of peopleôs PPA to parks. Figure 4-5 illustrates 

the detailed groups of the distribution of PPA by these two combinations of sociodemographic 

characteristics. Less-educated males frequently expressed that they felt a deficiency of access to parks, 

compared to women with this education background who generally found it reasonable accessibility 

(Figure 4-5 (a)). As for people in different age groups varying in education, generally speaking, the 
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promotion of PPA of residentsô reachable parks taken by educationôs upgrading was pronounced, other 

than weaker enhancement in higher qualification with postgraduate and above. One typical group of 

highly educated 51-60-year-olds averagely felt poor accessibility to parks around them. 

Findings support the work by Roovers, Hermy and Gulinck (2002), who identified middle-aged men 

(35ï60-year-old) with higher education levels (3 years- or university education) as being keener to get 

into the natural environment. Together with the trend shown in Figure 4-5 (b), these could infer that 

the upgrade of education (especially from primary school to higher levels) could potentially strengthen 

their willingness (needs) to contact nature (Roovers et al., 2002) and accordingly improve the 

attractiveness of surrounding parks. However, such changes made by education improvement are 

simultaneously dependent on the gender or age of the person to varying extent. 

 
(a) Distribution of PPA across education and gender groups 

 
(b) Distribution of PPA across age and gender groups 

Figure 4-5 Bar charts of the distribution of mean PPA values for two combinations of socio-demographic characteristics 

with significant differences in their interactions (a: education and gender group; b: age and education groups). 
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4.3.1.2 Satisfaction of parks within an accessible walking distance 

Regarding parks that people consider to be within walking distance of where they live, Table 4-6 

provides statistics on the satisfaction of different groups of people with these parks. Older people have 

the lowest level of satisfaction with them, with more than half of them experiencing a high level of 

dissatisfaction, a proportion three or more times higher than that of other age groups. Men were more 

likely to believe that the surrounding accessible parks could not satisfy their needs. Those with the 

lowest level of education (primary school and below) had the highest percentage (36%) of people who 

felt very dissatisfied with these parks, at least three times higher than their counterparts. This could be 

explained by residential location choices oriented by a market mechanism that the willingness to pay 

for closeness to green spaces depends on how they perceive the benefits from it (Wu et al., 2019), and 

highly educated people tend to feel more pleasant with their living surroundings than lower educated 

ones (Wu et al., 2020). 
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Table 4-6 Distribution of levels of satisfaction with reachable parks across different socio-demographic groups 

Satisfactionôs level Statistical item Demographic variables Total 

 
 

Age  

18-24 25-30 31-40 41-50 51-60 60+ 

Very dissatisfied 
Count 70a 28b, c 33c 44b 57b 38d 270 

% within Age 15.9% 8.0% 5.6% 9.3% 11.4% 55.9% 11.2% 

Dissatisfied 
Count 39a, b 34a, b 43b 51a 48a, b 10a 225 

% within Age 8.9% 9.7% 7.3% 10.8% 9.6% 14.7% 9.3% 

Neither dissatisfied nor 

satisfied 

Count 83a 50a, b, c 77b, c 50c 77a, b 10a, b, c 347 

% within Age 18.9% 14.3% 13.1% 10.6% 15.5% 14.7% 14.4% 

Satisfied 
Count 173a 138a 249a 200a 211a 0b 971 

% within Age 39.4% 39.5% 42.2% 42.4% 42.4% 0.0% 40.2% 

Very satisfied 
Count 74a 99b 188b 127b 105a 10a 603 

% within Age 16.9% 28.4% 31.9% 26.9% 21.1% 14.7% 25.0% 

Total 
Count 439 349 590 472 498 68 2416 

% within Age 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 
 Gender  

Female Male 

Very dissatisfied 
Count 65a 127b 192 

% within Gender 5.6% 10.1% 7.9% 

Dissatisfied 
Count 80a 126b 206 

% within Gender 6.9% 10.0% 8.5% 

Neither dissatisfied nor 

satisfied 

Count 144a 189a 333 

% within Gender 12.4% 15.0% 13.8% 

Satisfied 
Count 540a 466b 1006 

% within Gender 46.6% 37.1% 41.6% 

Very satisfied 
Count 330a 349a 679 

% within Gender 28.5% 27.8% 28.1% 

Total 
Count 1159 1257 2416 

% within Gender 100.0% 100.0% 100.0% 

 

 

Education 

 

Primary school and 

below 

Senior and junior 

school 

College and 

university 

Postgraduate and 

above 

Very dissatisfied 
Count 150a 184b 25c 3b, c 362 

% within Education 36.1% 12.3% 5.3% 9.7% 15.0% 

Dissatisfied 
Count 23a 180b 30a 4a, b 237 

% within Education 5.5% 12.0% 6.4% 12.9% 9.8% 

Neither dissatisfied nor 

satisfied 

Count 58a 195a 67a 6a 326 

% within Education 13.9% 13.0% 14.3% 19.4% 13.5% 

Satisfied 
Count 116a 558b 204c 12a, b, c 890 

% within Education 27.9% 37.3% 43.4% 38.7% 36.9% 

Very satisfied 
Count 69a 379b 144c 6a, b, c 598 

% within Education 16.6% 25.3% 30.6% 19.4% 24.8% 

Total 
Count 416 1496 470 31 2413 

% within Education 100.0% 100.0% 100.0% 100.0% 100.0% 

Each subscript letter denotes a subset of Education categories whose column proportions do not differ significantly from each other at 

the .05 level. 

Satisfaction with accessible parks also differed somewhat regarding the interactions between the three 

socio-demographic characteristics. A significant correlation was identified between gender and 

education (F value 4.437, p < 0.01). Specifically, as shown in Figure 4-6, men with low educational 

attainment of primary school and below rated the surrounding parks within walking distance least 

favourably (mean satisfaction below 3). Compared to men, variations in education among women did 

not bring about a significant difference in their satisfaction with parks. These results were almost in 

line with how PPA differed in populations. 
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Figure 4-6 Bar chart of the distribution of mean satisfaction values for the combinations of education and gender with 

significant differences in their interaction 

4.3.2 Spatial Distribution of Perception on Parks 

To understand the potential differences between the modelled spatial accessibility and the public-PPA, 

this case study area kept the same, concentrating on the central city areas. The PPA values of survey 

samples were aggregated to assign to townships to investigate the spatial distribution features. During 

the aggregation progress, original self-rated perception grades of accessing parks around the resident 

were calculated as their mean values. 

As a result, Figure 4-7 showed the classified grades into categories of levels that shared the same 

connotation as the original assessed values (of 1 to 5 for óVery difficultô to óVery easyô). It can be seen 

that, in general, the high presence of green patches (82%) indicated that the majority of residents in 

the streets recognised the adequate accessibility (higher than the level of óNeither difficult nor easyô) 

of parks in the central city regions. Figure 4-8 illustrates the level of satisfaction people had with parks 

within walking distance and how well those parks met their needs. The level of satisfaction with parks 

was somewhat higher than levels of PPA, as evidenced by the fact that in 86% of neighbourhoods 

(coloured with two kinds of green in Figure 4-8), people felt that parks within an acceptable walking 

distance fulfilled their demands for park use (higher than óNeither dissatisfied nor satisfiedô). The 

Tianhe district showed a higher proportion of streets with the best-perceived level of accessibility, 

which coincided with another finding in Guangzhou (Jim & Shan, 2013), suggesting that new districts 

(including Tianhe district) perform better in providing people with a positive perception of UGS. They 

believe that old districts are more compact and have a poorer quality of living than new districts, which 
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increases residentsô concern about not getting enough benefits from UGS, leading to the desire for 

more UGS to bridge the perceived gap. 

 
Figure 4-7 Distribution of the PPA levels across townships 

 
Figure 4-8 Distribution of satisfaction with parks across townships 
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Table 4-7 shows that the samples were not representative enough in some districts considering their 

actual population. To reduce the imbalanced sample size, weights of townships by their belonging 

district were used for the analysis based on differences between regions. Due to the uneven sampling, 

a few regions (16 in total) in townships were not covered in the questionnaire survey. In summary, 

both the PPA to parks and the satisfaction with these parks in Liwan district possessed the lowest 

average levels of the mean values of 3.63 and 3.65, respectively. In contrast, Huangpu District had the 

generally most accessible access to parks (value of 3.88) on usersô perception. Although Yuexiu was 

not evaluated with the highest accessibility at an average level, parks in this region that can be accessed 

within peopleôs acceptable walking distance mostly satisfied peopleôs needs (average satisfaction grade 

of 3.82). Dating back to a study (Duan et al., 2018) on four UGSs located in four different districts of 

Guangzhou, their survey clearly stated an outstanding attraction of the park in Yuexiu District 

compared with the other regions. Considering the establishment of the Guangzhou Municipal 

Government in Yuexiu District, this is likely a result of political policy bias, where the planning and 

design of the parkôs construction focused more on residents' needs and developed a subtle and sensible 

guideline. 

Table 4-7 Statistical summary of two perceived indicators about park use and its related items by districts. 

District 

Sample 

count Weight 

Number of streets 

with no sample 

PPA Satisfaction on accessible parks 

Mean Median Std. Deviation Mean Median Std. Deviation 

Baiyun 179 2.71 3/22 3.74 4.00 1.16 3.80 4.00 1.13 

Haizhu 264 0.89 3/18 3.79 4.00 1.15 3.81 4.00 1.14 

Huangpu 49 3.34 1/15 3.88 4.00 0.94 3.75 4.00 1.00 

Liwan 1043 0.15 5/22 3.63 4.00 1.27 3.65 4.00 1.28 

Tianhe 262 1.11 2/21 3.70 4.00 1.23 3.67 4.00 1.14 

Yuexiu 439 0.30 1/18 3.74 4.00 1.09 3.82 4.00 1.11 

To explore the differences in how people viewed their access to parks and satisfaction with these parks 

across districts, Chi-square tests assisted in providing the results of potential correlations where, first, 

the perceived accessibility varied in districts (Chi-square test value of 38.389 at p < 0.01 level). 

Nevertheless, no correlation was detected between satisfaction and the district (Chi-square test value 

of 29.810 with a p-value of 0.073). 

Regarding the specific differences of the PPA among some regions, Table 4-8 displayed their 

distribution using the crosstab with subsets calculated by z-test that enables the discrimination of the 

cell differing significantly (at the 0.05 level) from the others in its row. It revealed that the most minor 

proportion of people (only 1.9%) in Huangpu district deem it challenging to find a park within their 

acceptable walking distance. Moreover, people living in this district expressed that it was easy to get 

to a park by foot, of which share was identified as the highest. These data confirmed again that the 

PPA in Huangpu district was at a distinctly high level. By contrast, due to the more significant 

proportion of óvery difficultô recorded in Liwan District, it had been averagely lowest in PPA level. 
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This is not a coincidental finding, as Yang, Yang and Zhou (2022) also note that the entire Liwan 

District lacks greenery and faces serious UGS inequities. Therefore, the spatial supply and perceived 

demand for UGS in the area should be highlighted. 

Table 4-8 Statistic on levels of PPA to parks by districts 

Perceived ease 

of access Statistic 

District 

Total Baiyun Haizhu Huangpu Liwan Tianhe Yuexiu 

Very difficult 
Count 41a 18a 3b 17a 21a 9a 109 

% within District 8.4% 7.7% 1.9% 10.9% 7.2% 6.8% 7.5% 

Difficult 
Count 33a 13a 13a, b 13a, b 37b 8a 117 

% within District 6.8% 5.5% 8.1% 8.3% 12.8% 6.1% 8.0% 

Neither easy 

nor difficult 

Count 62a 37a 20a 23a 40a 23a 205 

% within District 12.8% 15.7% 12.5% 14.7% 13.8% 17.4% 14.1% 

Easy 
Count 225a, b, c 98c, d 87b 60a, c, d 103d 61a, b, c 634 

% within District 46.3% 41.7% 54.4% 38.5% 35.5% 46.2% 43.5% 

Very easy 
Count 125a 69a 37a 43a 89a 31a 394 

% within District 25.7% 29.4% 23.1% 27.6% 30.7% 23.5% 27.0% 

Total 
Count 486 235 160 156 290 132 1459 

% within District 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Each subscript letter denotes a subset of District categories whose column proportions do not differ significantly from each other 

at the .05 level. 

People in Tianhe District were more likely to deliver a ódifficultô perception of accessing parks and 

less observed with óeasyô access to parks. However, the number of people here evaluating the PPA as 

óVery easyô was not small. A previous survey in Guangzhou (by Shan, 2014) indicated there were more 

families with children in Tianhe District, which could feature this region with different activity 

behaviours and experiences (Edawrds, 1981; Payne et al., 2002). 

Furthermore, similar to the modelling of spatial accessibility, the PPA to parks and satisfaction with 

these perceived accessible parks of each area were respectively dissected for possible geographical 

interdependence using spatial autocorrelation analysis. The outcomes in Figure 4-9 suggested that, in 

contrast to spatial accessibility, both perception features of parks were not subject to spatial (street-

based) interactions and seemed relatively independent of each other, with no significant aggregation 

or dispersion, all at p-value over 0.05 level (a random distribution). 
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a. Spatial autocorrelation of the PPA b. Spatial autocorrelation of satisfaction grades 

Figure 4-9 Spatial autocorrelation analysis report of the perceptions (a: PPA; b: satisfaction) on parks across townships 

Exploration on factors 

To further understand what factors might influence PPA, this research cross-referenced PPA with 

several data to analyse their correlation, including population count in grids, Normalised Difference 

Vegetation Index (NDIV), road network distribution, park entrance distribution, commercial building 

distribution (including malls, supermarkets and restaurants) and satisfaction with parks.  

The three distribution characteristics of commercial buildings were estimated by Kernel Density. All 

values of the factorôs spatial distribution were spatially assembled, the median of them in each 

township, to determine their final values. Pearsonôs Correlation analysis results verified the significant 

impact of park entrance distribution and satisfaction on perceived accessibility.  

Among them, the spatial distribution density of park entrances was inversely proportional to perceived 

accessibility, with a Pearson Correlation value of -0.216 at p < 0.05 significance level. Although this 

result was odd and seemed contrary to spatial accessibility modelling theory, it can be interpreted in 

reality by tracing specific evidence. For example, the picture (Figure 4-10 (a)) shows a park in Haizhu 

district with a hidden and unmarked entrance. A river also separates it from its surroundings (Figure 

4-10 (b)). As a result, anyone other than the neighbouring residents would have to incur an extra 

walking distance to access the park entrance. A similar finding from El Murr et al. (2023) indicates a 

negative association between peopleôs perceived accessibility to parks and the number of parks in their 

accessible distance in Montreal. In addition, they identified a positive association between perceived 

accessibility and the surface area of accessible parks. 
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(a) One of parkôs entrances (b) A river nearby the entrance 

Figure 4-10 One entrance (a) and the river close to the entrance (b) of Xiaogang Park, in Haizhu district 

The satisfaction with parks tended to positively affect the accessibility at the perception level 

(correlation value 0.761 at p < 0.001), which is in line with previous outcomes (e.g., Phillips, Khan & 

Canters, 2021). The other five elements were examined with no correlations with the PPA. 

4.3.3 Section Summary 

Overall, in terms of regional characteristics, the PPA of the Liwan district and Tianhe district was 

slightly lacking compared to the other districts. The main problem in Liwan arises from the high 

number of people who find parks óVery difficultô to reach. Therefore, the primary concern should be 

the fundamental equity and fairness of park resource allocation. Combining the results of the spatial 

accessibility in Liwan District, it can be noted that the district could suffer from a lack of park provision. 

In Tianhe District, the main problem was improving the PPA of those who felt óDifficultô to obtain 

access. 

In addition, the population lacking perceived accessibility to parks was concentrated among the elderly 

and those with low educational attainment. The PPA was detected with a negative correlation with the 

density of park entrance distribution and no correlation with road network density. Furthermore, 
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satisfaction with accessible parks was verified by improving peopleôs perception of accessing parks. 

These two findings provided evidence of differences in the existing spatial accessibility of parks and 

how they are perceived by residents. The following sub-section delves deeper into the specific 

differences between these two levels of park accessibility and the reasons for their formation. 

4.4 Disparity of SMA, PPA and Satisfaction 

Another purpose of measuring the park accessibility under spatial and perception dimensions was to 

try to explore the relationship between them. As Wang et al. (2021) pointed out, there are disparities 

between the quantity and quality of UGSs in the space of Guangzhou; the potential problems with the 

accessibility of parks in the central city area of Guangzhou were reflected by the differences between 

the two types of accessibility and of PPA and satisfaction with parks, which implied the effect of UGSs 

quality on accessing them. As Brindley et al. (2019) stated, the quality of green space can be a greater 

reflection of how it is valued than the quantity of green spaces. This subsection also analysed these 

differencesô characteristics of the regional distribution (across townships) and the correlations with 

some factors. These factors consisted of socio-demographic characteristics (sex ratio, age proportion, 

education percentage), satisfaction with parks, NDVI distribution, road network distribution, and POIs 

distribution, including park entrance, mall, restaurant, and supermarket. 

4.4.1 Overview of Differences 

4.4.1.1 Difference between SMA and PPA 

As mentioned, there can frequently be a mismatch between objectively calculated accessibility (spatial) 

and subjectively self-reported accessibility (perceived) (Budd & Mumford, 2006), which can also be 

regarded as a difference in quality or quantity between the supply and demand for services provided 

by UGS (Geijzendorffer, Mart²n-L·pez & Roche, 2015; Phillips, Khan & Canters, 2021), having been 

a focus for developing tailored measures to enhance UGS cultural ecosystem services (Madureira et 

al., 2018; Bar· et al., 2015). 

The difference values of accessibility were determined by the deviation between the reclassified levels 

of SMA and PPA, which were obtained from reclassifying the two original accessibility values using 

the quantile classification method into five levels. The two dimensionless park accessibility classes 

within each block were subtracted after harmonisation (spatial accessibility level minus PPA level), 

resulting in a value between -4 and 4. These comparison indicators were divided into three categories, 

with values less than zero grouped into the óhigh-lowô category, indicating that the area had high spatial 

accessibility but poor PPA. Similarly, values greater than zero (the ólow-highô category) denoted an 
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area with good PPA and poor spatial accessibility. A value equal to zero (óequalô category) meant that 

an area was generally at the same level of PPA and spatial accessibility.  

Spatial distribution of differences 

The calculated differences between spatial accessibility and PPA across townships are shown in Figure 

4-11. Green plots were townships with lower spatial accessibility and higher PPA, taking up 30 per 

cent of all regions. Zones of faint yellow colour were areas keeping similar levels of spatial 

accessibility and PPA (with a share of 28%). Most of regions (42 per cent) represented high modelled 

accessibility (spatial) but lower accessibility perceived by the residents. In total, 72 per cent of 

townships in this study were found to have inconsistent levels between two types of accessibility to 

parks. This result is not surprising because many people would prefer to go to the more distant rather 

than the nearest green space, the one that they use most often (Schipperijn et al., 2010). Although it is 

different from some studies finding a high level of uniformity between subjective and objective 

perceived accessibility (e.g., Gebel, Bauman & Owen, 2009; Arvidsson et al., 2012; Van Dyck et al., 

2013; Boedeker, 2018), factors rather than proximity to destinations have been proved to affect park 

use (Kaczynski, Potwarka & Saelens, 2008; Ries et al., 2009), which consequently lead to a poor match 

between objectively modelled accessibility and subjectively perceived accessibility (Van der Vlugt et 

al., 2019; Fone et al., 2006; Dewulf et al., 2012). 

 
Figure 4-11 Map of two accessibilityôs three difference patterns distributing across townships 
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Additionally, the research explored the potential differences in the regional distribution of accessibility. 

By taking the Chi-square test, their correlation was investigated. The result yielded that the 

accessibility contrast values differed within the districts with Chi-square value 20.764 at a significance 

level of p < 0.05 (6 cells that over 20% have expected count less than 5). 

The disparity between spatial and perceived accessibility was found to be least in Yuexiu District, 

which was evident in the fact that the proportion of neighbourhoods with an óequalô category was close 

to 60%, much higher than in other districts (Table 4-9). Huangpu District had the lowest consistency 

between the two types of accessibility values, with the óequalô class share of the lowest percentage at 

7.7%. Also, the óhigh-lowô difference pattern of two accessibility was widespread in Baiyun District 

and Huangpu District, with the proportion at 63.2% and 69.2%, respectively. Upon further comparing 

the difference in the share of difference patterns óhigh-lowô and ólow-highô within each district, it can 

be seen that in comparison to the óhigh-lowô pattern (20%), the Haizhu district demonstrated more 

ólow-highô patterns (40%). This denoted that the urban green spaces in Haizhu district were more likely 

to be well utilised, even though the simulated spatial accessibility might not be optimal, enabling the 

people there to experience an adequate supply of parks. 

Table 4-9 Statistics on the distribution of the comparison index between SMA and PPA across districts 

SMA compared to PPA 
Indicator 

District 

Total Baiyun Haizhu Huangpu Liwan Tianhe Yuexiu 

equal 
Count 3a, b 6b, c 1a 3a, b 5a, b 10c 28 

% within District 15.8% 40.0% 7.7% 17.6% 26.3% 58.8% 28.0% 

high-low 
Count 12a 3b 9a 7a, b 8a, b 3b 42 

% within District 63.2% 20.0% 69.2% 41.2% 42.1% 17.6% 42.0% 

low-high 
Count 4a 6a 3a 7a 6a 4a 30 

% within District 21.1% 40.0% 23.1% 41.2% 31.6% 23.5% 30.0% 

Total 
Count 19 15 13 17 19 17 100 

% within District 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Each subscript letter denotes a subset of District categories whose column proportions do not differ significantly from each other at 

the .05 level. 

There was no spatial association discovered among the difference values of SMA and PPA across 

regions through spatial autocorrelation analysis as described in Figure 4-12, where the p-value was 

greater than 0.05 referring to no significant spatial correlation. 
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Figure 4-12 Spatial autocorrelation analysis result of accessibilityôs difference values across townships 

4.4.1.2 Differences between PPA and satisfaction with parks 

Two types of public perceptions of parks were captured in this Module. As discussed at the start of this 

section and in the Literature Review, the PPA levels evaluated by people aim to explore its difference 

from the spatial proximity to parks, which have been stated by studies that it is distinct with satisfaction 

about parks. They are all on the basis of perception level and related to park usage and spatial 

accessibility, as explained in 3.3.2.1.2. 

These two perception elements were measured at similar levels through a Likert Scale approach in the 

survey. Difference values were obtained by subtracting satisfaction from PPA values. They were 

divided into three levels, with a negative value of ólow-highô denoting a lower level of accessibility to 

parks than satisfaction with their functionality. The other two levels followed the same pattern and are 

not elaborated upon. Among them, old city centre areas (especially Liwan and Yuexiu districts) 

contained more streets that were in the lower PPA but with higher satisfaction, or equal relation 

between them, gathering in the southern regions of Guangzhouôs central city (Figure 4-7 above). 

Differences differing in population groups 

In summary, most people (around 70%) had similar evaluations of their PPA to the park and their 

satisfaction with them. When taking further exploration of its correlation with other factors, first, they 

were tested for the variance across districts. The result of the Chi-square test it revealed no significant 

correlation between them (Chi-square value of 14.368, p = 0.157). 
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Second, with regards to socio-demographic characteristics, analysis used Chi-square tests for 

examining their correlations with the difference values. The results are shown in Table 4-10. It 

uncovered that this difference indicator varied in different age, education, and gender groups 

significantly. 

Table 4-10 Analysis result s of testing the correlation between three socio-demographic characteristics and difference 

values of PPA and satisfaction with parks 

 Chi-square Value Sig. 

Age 35.969 0.000 

Education 52.556 a 0.000 

Gender 6.907 0.032 

a. More than 10.0% of cells have expected count less than 5.  

Expressly, Table 4-11 indicated that the proportion of over-60-year-old people was the highest in the 

óequalô difference category. It implies that in Guangzhouôs centre areas, old people (over 60) were more 

likely to feel enjoyment about the service supplied by the parks that were within their acceptable 

walking distance. Their perceived reachable parks can meet their needs (with the óEqualô level taking 

up 85.1%), reflecting a relatively olds-friendly UGS planning and design in the central city of 

Guangzhou. 

As for people of different educational backgrounds, the proportion of those with low educational 

attainment who were in the óhigh-lowô difference bracket was the smallest (3.1%). As these 

marginalised social groups usually have difficulty affording high property prices in gentrification 

settings (Silva, 2018), their living environment in the inner city is poorer (Wang, Zhang & Wu, 2017; 

Wang, Zhang & Wu, 2016). So, even if some of the neighbourhood parks are attractive and well-

serviced, the poorer surrounding environments may prevent them from appreciating good park 

accessibility (Weiss et al., 2011). Hence, few of them would consider the park services to be worse 

than the ease of access. Combined with other evidence that the highest proportion (21.2%) of those 

with low education levels falling into the ólow-highô difference level, the fact uncovered in this study 

conflicts with a statement that low-SES people are likely to have adequate parks nearby but of poor 

quality (Hughey et al., 2016; Ibes, 2015). It can be understood in the way that low-educated 

respondents rarely held the same stringent evaluation criteria for park satisfaction as they did for 

accessibility. In other words, even if a park had an ordinary level of accessibility, 21.2% of people 

would rate their satisfaction with that park higher than its accessibility. 

Similarly, women were more likely to be satisfied with nearby parks despite their relatively poor 

accessibility. By contrast, men cared about the fulfillment of park for their needs more than about PPA. 

A greater family responsibility might be taken by women in comparison to men, which may result 

from specific barriers with spatial and temporal implications due to travel needs and obligations that 

may relate to certain family-orientated activities (e.g., taking care of children) with fixed routines 
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(Chidambaram & Scheiner, 2021). This may, therefore, affect their sensitivity to travel distance/ time 

and thus potentially reduce their mobility of walking long distances to visit parks. 

Table 4-11 Statistical distribution of contrasting levels of difference in PPA and satisfaction with parks within 

demographic characteristic groups 

Perception accessibility 

compared to Satisfaction Statistic 

Age 

Total 18-24 25-30 31-40 41-50 51-60 60+ 

Low- high 
Count 51a, b, c, d, e, f, g, h 57e, f, g, h 90c, d, g, h 81b, d, f, h 48a 10a, b, c, d, e, f, g, h 337 

% within age 13.8% 17.6% 16.2% 18.5% 10.2% 14.9% 15.2% 

Equal 
Count 260a, b, c 212a, b, c 395c 281b 335a, c 57d 1540 

% within age 70.3% 65.6% 71.3% 64.0% 71.4% 85.1% 69.3% 

High-low 
Count 59a, b 54a, b 69b 77a 86a 0c 345 

% within age 15.9% 16.7% 12.5% 17.5% 18.3% 0.0% 15.5% 

Total 
Count 370 323 554 439 469 67 2222 

% within age 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Perception accessibility 

compared to Satisfaction Statistic 

Education 

Total Primary and below Senior and junior College Postgraduate and above 

Low- high 
Count 81a 236a 73a 3a 393 

% within age 21.2% 16.9% 16.9% 10.7% 17.6% 

Equal 
Count 289a 918b 300a, b 19a, b 1526 

% within age 75.7% 65.7% 69.6% 67.9% 68.2% 

High-low 
Count 12a 243b 58b 6b 319 

% within age 3.1% 17.4% 13.5% 21.4% 14.3% 

Total 
Count 382 1397 431 28 2238 

% within age 100.0% 100.0% 100.0% 100.0% 100.0% 

Perception accessibility 

compared to Satisfaction Statistic 

Gender 

Total Female Male 

Low- high 
Count 172a 195a 367 

% within age 16.0% 16.9% 16.5% 

Equal 
Count 766a 770b 1536 

% within age 71.2% 66.7% 68.8% 

High-low 
Count 138a 190b 328 

% within age 12.8% 16.5% 14.7% 

Total 
Count 1076 1155 2231 

% within age 100.0% 100.0% 100.0% 

Each subscript letter denotes a subset of gender categories whose column proportions do not differ significantly from each other at the .05 

level. 

4.4.2 Exploration on Impact Factors of Accessibilityôs Difference 

Given the verified existence of differences between SMA and PPA, a question was raised up: Did any 

factors that are out of consideration in modelling spatial accessibility bring about this difference? The 

original difference values of accessibility, whose range was from -4 to 4, were involved in the 

correlation analysis, where the independent variables consisting of three types of amenities (including 

malls, restaurants and supermarkets), NDVI, satisfaction with parks and socio-demographic 

characteristics of residents that contained three factors namely sex ratio, age and educational 

background. About the analysis methods, ANOVA was used for testing the fundamental correlation, 

and next, two correlation analysis methods were applied to examine in which way they associated with 

the difference indicator, in which Pearsonôs Correlation was for homogeneous data and Spearman 

Correlation was for inhomogeneous data. 
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Socio-demographic factors 

Table 4-12 provided information on correlations between population composition characteristics and 

the difference value of accessibility. There were shown effects of the proportion of people aged ó18-

24ô, ó51-60ô and ó60+ô on the differences in accessibility. A further exploration by Pearson Correlation 

revealed a negative impact of old peopleôs percentage (both ó51-60ô and ó60+) in regions on their 

difference values. It illustrated that if there were more older people in the street, the PPA of this area 

would be higher than its spatial accessibility of parks. This could be caused by the fact that older people 

are mostly retired, thus having more free time strolling in parks (Olsson, Friman & Lªttman), and they 

are apt to pursue social connections (Guit, Clark & Ackrill, 2006) and well-being activities (Ledraa & 

Aldegheishem, 2022) within parks. As for the percentage of ô18-24ô age group that with no linear 

correlation with accessibility differences, its mean values were checked at each difference level, which 

detected the difference value of 4 in a region that shared the highest proportion (43%) of 18 to 24 years 

old people, nearly twice than that for the other difference values. This indicates that in a region 

comprising more young people (18 to 24), they are more likely to perceive a poor accessibility of 

visiting parks on foot, but indeed, their living environment might have been planned and designed with 

sufficient UGS within a decent walking distance. Consequently, younger residents may actually be 

more hindered by factors other than spatial proximity that diminish their perceptions of park 

accessibility, for example, pursuing other exciting entertainments (Chen & Jim, 2008), safety (Yen et 

al., 2017), etc. However, the underlying reasons vary depending on different geographical locations, 

socio-cultural backgrounds, personal experiences, etc., and cannot be arbitrarily concluded (Yen et al., 

2017). 

Table 4-12 Correlation analysis results of the original accessibility comparison index (ranging from -4 to 4) and 

population groups 

Population characteristics Test Value Sig. 

Sex ratio ANOVA 0.527 0.865 

Percentage of Age Category 

18-24 ANOVA 2.488 0.017* 

Pearson Correlation 0.178 0.077 

25-30 ANOVA 1.375 0.218 

31-40 ANOVA 1.960 0.060 

41-50 ANOVA 1.275 0.267 

51-60 ANOVA 2.296 0.027* 

Pearson Correlation -0.230 0.021* 

60+ ANOVA 2.523 0.016* 

Pearson Correlation -0.224 0.025* 

Percentage of Education Level 

Primary and below ANOVA 1.363 0.223 

Senior and junior ANOVA 0.755 0.643 

College ANOVA 1.181 0.319 

Postgraduate and above  ANOVA 0.712 0.68 
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Other factors 

Care should be taken with the interpretation of the following three factors (Density of park entrances, 

Density of road networks, and Population) as these factors were incorporated into the spatial 

accessibility modelling process. Having highlighted the importance of amenity and greenery within 

parks on their usage and accessibility identified in previous studies (e.g., Parker & Simpson, 2015; 

Gibson, 2018), the surrounding environment of parks is also critical for their influences on activating 

function of parks (Li et al., 2020; Tan et al., 2022). Five related factors were investigated, as shown in 

Table 4-13, indicating that all of them had an impact on the difference indicator of accessibility.  

Specifically, the distribution of infrastructure density of malls, restaurants and supermarkets 

consistently had a significant negative influence on the difference value of accessibility. This can be 

explained as an inhibitory effect of the availability of adequate public infrastructure on the over-

representation of SMA to PPA. In other words, if an area was at full provision of malls, restaurants or 

supermarkets, there would be fewer conditions that higher spatial accessibility corresponding to lower 

PPA. This supports the sentiment that the integration of surrounding industries and entertainment with 

parks could stimulate the vitality of UGS service (Tan et al., 2022). Similarly, with regard to the 

negative effect of park satisfaction on the variance value, it can be understood that when people were 

more satisfied with the parks in their immediate vicinity that were accessible on foot, then PPA of 

parks in that area would more commonly be higher than their spatial accessibility. 

The only factor that was tested to have a positive contribution to the accessibility difference indicator 

is NDVI, which reflects the vegetation cover within each neighbourhood, the higher the value, the 

better the coverage. This influence can, therefore, be interpreted as an indication that the more adequate 

the amount of vegetation in the area, the more likely it is that the spatial modelled values of 

accessibility of the area would be higher than the public perception value. Thus, simply increasing 

green space coverage may not be effective in achieving the planned park resources to ensure residentsô 

experience to be adequately served as expected (Zhang, Van den Berg, et al., 2017). It is worth noticing 

that this finding did not deny the benefit of greenery in the human living environment facilitating their 

perception of UGS. Alternatively, NDVI cannot represent the quality of greenness in a region, whilst 

the level of street view greenness should be more relevant to peopleôs visual perceptions (Wang, Feng 

et al., 2021). 
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Table 4-13 Test results of correlations between difference values of accessibility and eight factors 

 Test Value Sig. 

Density of park entrances 
ANOVA F Value: 2.800 0.008** 

Pearsonôs Correlation -0.184 0.067 

Density of malls 
ANOVA F Value: 4.041 0.000*** 

Spearman Correlation -0.370 0.000*** 

Density of road networks 
ANOVA F Value: 3.955 0.000*** 

Pearsonôs Correlation -0.284 0.004** 

Density of restaurants 
ANOVA F Value: 3.912 0.001** 

Spearman Correlation -0.384 0.000*** 

Density of supermarkets 
ANOVA F Value: 5.136 0.000*** 

Spearman Correlation -0.426 0.000*** 

Population 
ANOVA F Value: 3.582 0.001** 

Spearman Correlation -0.416 0.000*** 

NDVI 
ANOVA F Value: 2.218 0.033* 

Pearsonôs Correlation 0.287 0.004** 

Satisfaction on parks 
ANOVA F Value: 3.997 0.000*** 

Pearsonôs Correlation -0.418 0.000*** 

When these correlates were incorporated into the linear regression model on the value of accessibility 

differences, a stepwise approach was adopted to screen the variables and retain the factor with the 

greatest influence on the dependent variable. The final results contained two models, as shown in Table 

4-14, with Model 1 comprising only the single variable óSatisfaction with the parkô, excluding the 

remaining four factors. It achieved a fit of R-squared 17.5%, with a significant level of p<0.001. Model 

2 had a statistically significant improved fit (R-squared = 30.2%, p<0.001) with the introduction of 

two variables, satisfaction and supermarket density, both of which had negative coefficient values. 

Although the model was not developed with full consideration of all potential influencing factors, it 

did provide some insight into the extent to which peopleôs óSatisfaction with the parkô and the provision 

of infrastructure, mainly supermarkets, could affect the difference values of accessibility. Amongst 

other things, óSatisfaction with the parkô was an essential factor in whether the park can be fully used 

as intended or not. Supermarkets located properly around UGSs can further peopleôs positive 

perception of walking to visit parks and reduce the sense of spatial separation. 

Table 4-14 Linear regression models of accessibilityôs difference values and factors 

Predictors Standardized Coefficients t Sig. 

Model 1: R Square 0.175, p < 0.001 

(Constant)  4.747 0.000 

Satisfaction with parks -0.418 -4.552 0.000 

Model 2: R Square 0.302, p < 0.001 

(Constant)  6.014 0.000 

Satisfaction with parks -0.430 -5.072 0.000 

Density of Supermarkets -0.358 -4.214 0.000 

As noted above, actual public perceptions of access to parks may not reflect modelled accessibility. 

Also, in addition to the cost of travelling (expressed in terms of distance travelled), the above 

subsection has identified the influence of other elements (precisely the type of surrounding land) on 

people walking to the park. A further question (see Question 24 in Table A6-1 in Appendix 6) in the 

questionnaire survey (in Chapter 5) established a ranked order of importance regarding the 12 factors 
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affecting walking to the park (see Answer 24 in Table A6-1 in Appendix 6 for details). The cumulative 

frequency with which each element was selected suggested that the public viewed scenic beauty as the 

most crucial factor influencing their willingness to walk to a particular park or not (Figure 4-13). 

 
Figure 4-13 Statistics on the features of people most frequently visited park [Park B] 

About tied for second most important factors were: cleanliness, cost of travel and level of amenities, 

followed by park size. Neighbourhood security and infrastructure impacts were relatively marginal 

influences. Furthermore, these results imported into an AHP calculator (adopting an accessed model 

calculator via https://bpmsg.com/ahp/ahp-calc.php) yielded specific weights for each factor (see Table 

4-15), which can be used as a reference for the coefficients of the multiple variables included when 

modelling physical accessibility from the userôs perspective in the future. 

Table 4-15 Weights of factors (in Figure 4-13) affecting people accessing to parks on foot 

 Scenery Cleanness Distance Facilities Area 
Level of 

activity 
Popularity Quietness 

Traffic 

Safety 

Surrounding 

Safety 
Amenities 

Rank 1 2 2 2 5 6 7 8 9 10 11 

Priority 28.7% 11.9% 11.9% 11.9% 9.5% 7.6% 6.5% 4.5% 3.2% 2.4% 1.9% 

4.4.3 Section Summary 

This section examines differences between physical calculated accessibility and PPA. These 

differences varied regionally, with Huangpu district and Baiyun district being two typical districts with 

higher spatial accessibility than PPA. In contrast, PPA in Yuexiu district and Haizhu district was more 

commonly equal to or higher than spatial accessibility, suggesting the relatively rational distribution 

and design of parks and the somewhat efficient park services in these areas. This evidence reinforced 

the idea that, beyond spatial distribution pattern, such regional heterogenicity of UGS inequity is also 
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owed to the disjoint of UGS development from the urbanisation process (Li et al., 2016) and the 

management gap differing in administrative regions (Li et al., 2020). 

The differences in the two perceptions of parks - accessibility and satisfaction - differed between 

different groups of people. Older people, people with low educational attainment and women, 

especially the first two groups, tended to rate satisfaction with parks more on the same or higher level 

than accessibility.  

Furthermore, in the analysis of the correlation between the two accessibility differences and practical 

factors, it found that the more significant the proportion of senior citizens over 60 years of age in a 

neighbourhood, the higher the degree of PPA over spatial accessibility in that area. Furthermore, in the 

monitoring of several factors affecting PPA, the adequate provision of public infrastructure, especially 

supermarkets, was found to have a positive effect on enhancing the PPA of the park. These findings 

echo a viewpoint that the spatial provision of UGS is possibly different from its actual use by people 

because of the land structure and population composition shaping different needs for UGS (Boulton, 

Dedekorkut-Howes & Byrne, 2018). 

4.5 Limitations and Further Research of Module 1 

As with all studies, a number of limitations of the research were identified. Firstly, although self-

reported data-based approaches to measuring PPA have been used extensively in this field and have 

been recognised as such, the errors and biases in these data are also a source of endogenous problems 

in measuring PPA. Specifically, the accuracy of self-reported data faces varying degrees of challenge 

at the levels of individual perception, memory storage, questionnaire question comprehension, and 

content judgment. For example, there could be individual differences in the extent to which responses 

are retained for different types of questions, which in turn could lead to the appearance of social 

desirability bias. 

Secondly, the modelling methods of spatial accessibility of UGSs could make the analysis results of 

the spatial accessibility levels vary, which can further influence the calculation of its difference with 

the PPA levels. As there has not been a principle of the optimum modelling method for accessibility 

analysis, it might be a brand-new topic for detecting the disparity between spatial accessibility and 

PPA considering different modelling methods. This module is intended primarily to explore possible 

differences between modelled spatial accessibility and PPA and to explore the factors that correlate 

with these differences in the broad sense. The variability in the number of specific differences subject 

to changes in modelling or measurement is not covered and attempted to be addressed by the subject 

of this sub-study. 
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Future investigations can improve the accuracy and reliability of self-reported data by using mental 

constructs with superior levels of convergent and discriminant validity, in which way the results of 

PPA measurements are less prone to error due to the non-uniformity of the approach. At the same time, 

the impact of different spatial accessibility modelling approaches on the difference between spatial 

accessibility and PPA also deserves further study. In addition, more influencing factors can be 

quantified in order to gain a comprehensive understanding of which factors influence the accessibility 

differences between the perceptual and material spatial dimensions. Subsequently, a fine-grained 

targeted investigation could be undertaken to pinpoint the missing factors of influence in the existing 

accessibility assessment approaches. 

4.6 Conclusion of Module 1 

This module reviews the condition of people accessing parks in the central city area of Guangzhou 

concerning two dimensions, namely physical calculation and perceived measurement, through the two 

step floating catchment area method (2SFCA) and self-reported rating approach. It identified spatial 

accessibility to parks clustered with a ólow-lowô pattern in space accounting for the density of 

population in these regions. People in different age groups encountered inequities in accessing parks, 

whereas older people generally received poorer spatial access to parks. Both physical accessibility at 

the spatial dimension and public perception were found to be low in Liwan district, where proper 

allocation and an adequate number of parks should be developed as a priority. In contrast, Tianhe 

District was found to be only low in PPA. Therefore, it requires measures to make parks more 

subjectively accessible, for example, through expanded publicity to increase awareness and familiarity.  

In summary, the research identified differences between the two aspects of accessibility and explored 

the possible factors leading to the differences. In general, it was challenging to align the modelled 

spatial accessibility with the public perception of accessibility. Nearly half of the blocks in central 

Guangzhou had higher levels of spatial accessibility than PPA. Given the significant differences 

between overall satisfaction with parks and PPA among population groups, for older people, people 

with low educational attainment and women, if a park makes them feel more accessible on foot, their 

overall satisfaction with the park will increase accordingly to some extent. It also revealed that the 

older population in the main urban area of Guangzhou has a better experience in terms of accessibility 

to parks. Furthermore, it also suggested that if the vegetation cover of the area is increased in a single 

way without promotion of infrastructure surrounding and inside (e.g., construction of adequate shops, 

development of park quality), the PPA of the area will not be improved to the same level as the spatial 

accessibility in the model, which would cause the low efficiency in practice. 
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Chapter 5 Results and Discussion of Module 2- 

Questionnaire Survey on Public Usage and Preferences of 

UGSs 

5.1 Introduction of Module 2 

This chapter provided insight into the public actual usage of UGS and preferences for visits to UGS. 

The online and offline questionnaire survey was used for empirical data collection, aiming at four types 

of UGSs as defined in the óDestinationsô element of Table 3-3 (in Chapter 3). Followed by the three 

facets óUsageô, óPreferencesô and óPerceptionô classified, there are three sections to achieve the main 

aim of demonstrating the relationship between usage and preferences of UGS and visitor groups: 

5.3 Usage of UGSs section investigated residential daily visits to UGSs by types of destinations. In 

summary, the visit data recorded transportation modes, departure point, travelling time, visiting 

duration, and visiting frequency to represent UGS usage. Visitor groups were classified according to 

socio-demographic characteristics (i.e., age, education and gender). They redefined intervals of UGS 

usage-related elements (e.g., frequent and infrequent users in terms of visiting frequency). Differences 

in UGS usage among the former groups demonstrated the demographic preferences for UGS. Possible 

correlations among elements of UGS usage reflected the use pattern of UGS. 

5.4 Preferences about UGSs section explored the preference from five aspects, where the first was 

about the type of open spaces used for daily recreation, the second involved the features of one or 

several UGS(s) (referred to as UGS A/ Park A/ Park B/ Park C) visited by individuals and comparisons 

between them, the third dealt with the reasons and barriers to personal visits to parks (Park A, Park B 

and Park C) and compared the similarities and differences of the reasons and barriers to visits among 

them across characteristic groups of visitors. The fourth had an overview of the interval range of travel 

times, a critical factor in spatial accessibility, in terms of ideal and acceptable situations. 

5.5 Perception about UGS section discovered the public focuses on public perceptions of some services 

of urban green spaces. The first part examined perceptions at the level of use embodied in evaluating 

walking accessibility and the overall experience of visiting. Next were perceptions about the 

characteristics of the two parks (Park B and Park C) visited on foot. Finally, it concerned the overall 

perception of the park systemôs services, including individual recognition of the level of spatial 

provision and comprehensive services in the surrounding parks (which were elaborated in Module 1 

and supported for investigating the disparity between spatial modelling and self-rated PPA). 
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Data analysis methods used in this chapter were all statistical analyses containing descriptive analysis, 

correlation analysis and nonparametric tests (e.g., Chi-square test), whose processing objects were 

questionnaire survey data. 

Some work related to this subsection reused the authorôs published article (Ma, Bindley & Lange, 

2022a) with paraphrasing. 

5.2 Overview of Respondent Characteristics 

The section reviews the composition of respondents to questionnaires by groups of socio-demographic 

characteristics, visiting behaviour and geographic distributing characteristics (Table 5-1 ï Table 5-3) 

5.2.1 Socio-demographic characteristics 

The socio-demographic characteristics included three primary factors widely used in other related 

surveys, namely gender, age and educational background, as shown in Table 5-1. Detailed description 

can be found in Appendix 7. 

Table 5-1 Respondent groups by socio-demographic characteristics 

 

  

Variable Count N% 

Gender (N=2422) 

Male 1449 61.40% 

Female 911 38.60% 

Age 

18-24 283 11.99% 

25-30 849 35.97% 

31-40 949 50.21% 

41-50 228 9.66% 

51-60 46 1.95% 

60+ 5 0.21% 

Education 

Primary school and below 32 1.36% 

Junior high school/ High school 234 9.92% 

Technological academy 569 24.11% 

College 613 25.97% 

University 743 31.48% 

Master and above 169 7.16% 

*Interval ranges of some groups are combined considering the small sample size of some categories in further specific analyses. 
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5.2.2 Visiting characteristics 

Visiting characteristics According to basic visiting behaviours covering most respondents, the 

respondents are divided into two categories within three visiting characteristics groups, as shown in 

Table 5-2. 

Table 5-2 Respondent groups by visiting characteristics 

Variable Count N% 

Travel to parks (N=2422) 

Walker 2292 94.63% 

Non- walker 130 5.37% 

Frequency (visiting Park B) (N=2,236 out of 2,360) 

Frequent visit 2183 97.63% 

Infrequent visit 53 2.37% 

Departure point 

Park B 

(N=2,292 out 

of 2,360) 

Home 1810 78.97% 

Work/ Study place 474 20.68 

Others 8 0.35% 

Park C 

(N=1949 out of 

2,360) 

Home 1363 69.93% 

Work/ Study place 579 29.71% 

Others 7 0.36% 

* The logic tree in the questionnaire design has filtered out reasonable missing values in each variable. 

The óTravel to parksô profile indicates whether the respondent has walked to parks, with the ówalkerô 

category referring to having walked to parks and the ónon-walkerô category indicating never having 

walked to parks. 

Frequency characteristics present two types of visitors (of Park B): taking ófrequent visitô (equal and 

more than once a month) and taking óinfrequent visitô (less than once a month). 

In response to the óDeparture pointô characteristic, it classified respondents into three types (namely 

for two parks): leaving from óHomeô to a park, leaving from óWork/Study placeô to a park and leaving 

from óOthersô place to a park. 

For the óNon-walkerô and óInfrequent visitô respondent groups, the reasons for these two behaviours 

were surveyed and further explained with analysis in section 5.4.2.2. Data with departure points falling 

in the óOthersô category were excluded in analyses related to this factor due to its minute sample size 

(7 out of 1949, with 0.36 per cent) and non-integration feature of categories. 

5.2.3 Geographic distribution of respondents 

The geographic distribution feature of respondents is categorised based on the administrative division 

of Guangzhou, with a lower level of eleven districts attached to the higher level of two regions, namely 

the central city area and suburban area. 



134 

 

134 

 

Table 5-3 provides an overview of the geographic distribution feature of the sample. It reveals a smaller 

sample size of respondents (7.64%) living in the suburban area compared to the actual number of 

residents living there, with 39.29% of Guangzhouôs population. Due to the representation of the sample 

used in the PPA measurement in Module 1 related to spatial distribution feature, it filtered this part of 

questionnaire data out, whose living region is a suburban area, to ensure the representative of the 

sample population. This further illustrates the rationale of study site selection in Module 1. 

Table 5-3 Respondent groups by geographic distributing characteristics 

5.3 Usage of UGSs 

The key results were described and discussed in the main text below, and the remaining parts that had 

significant statistical correlations but the differences in the results were not outstanding or the 

discussion was not attractive were explained in detail in Appendix 32. 

5.3.1 Usage of participantsô most visited UGS [UGS A] 

Table 3-3 in Chapter 3 defines UGS A as the respondents most frequently visited UGS, excluding the 

type of parks. When asking respondents for the elements about the usage of UGS A, there were 758 

valid samples of answers to óMode of transportationô and óTravelling timeô. 

5.3.1.1 Modes of transport 

Figure 5-1 indicates that public transportation was the most common form of transport, taking up 

nearly half of the whole (with 46.56%), almost twice more than the second most common mode of on 

foot, with 24.12%. Public transport is merit for their unaffected by traffic jams (Tan, Wang, et al., 

2022), especially for the mature development of Metro in Guangzhou. Walking ranking the second can, 

on the one hand, imply a relative spatial proximity of living environment to UGSs for walkers usually 

visiting nearby ones (Tan, Wang et al., 2022); on the other hand, given the multiple-modes transport, 

Region Count N% 

Central city area (N=2237) 

Tianhe district 263 11.76% 

Yuexiu district 439 19.62% 

Baiyun district 179 8.00% 

Haizhu district 264 11.80% 

Liwan district 1043 46.62% 

Huangpu district 49 2.19% 

Suburban area (N=185) 

Panyu district 58 31.35 

Huadu district 37 20.00% 

Zengcheng district 47 25.41% 

Nansha district 26 14.05% 

Conghua district 17 9.19% 
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walking should be a high-frequent component of it. The most often visited UGS seemed not too 

accessible because fewer people selected óPrivate Carô, óBicycle/Mopedô and óTaxicabô than óWalkingô. 

 
Figure 5-1 Mode of travel to most used UGS [UGS A] 

A further statistic on modes of transport by types of UGS was shown in Figure 5-2, which reveals that 

except for the ónot sureô type of UGS A, a smaller proportion of people travel to óRegional greenspaceô 

on foot (19.78%), compared to people walking to óBuffer greenspaceô (23.79%) and óSquare with 

greenspaceô (26.34%). The proportion of people taking public transportation to UGS is slightly higher 

than the average when they visited óRegional greenspaceô (47.25%) and óSquare with greenspaceô 

(50.45%). This was expected because óRegional greenspaceô is defined as greenspaces located outside 

the town site region, generally out of proper walking distance. It has been confirmed previously that 

driving or taking public transport to UGSs in suburban areas is more common than riding or walking 

(Cheng, Liao & Zhu, 2021). The lowest proportion of people taking a óBicycle/Mopedô or óPrivate carô 

was found in those who usually visited óSquare with greenspaceô with 8.93% and 12.95% respectively, 

lower than the average level. 
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Figure 5-2 Proportion of people selecting modes of transportaion summarised by type of destination [UGS A] 

It, therefore, inferred that modes of transportation taken to get UGSs apparently prefer public 

transportation in Guangzhou. When considering different types of UGSs as destinations, access to 

parks at an ideal distance can be essential for pedestrians. As a result, regional greenspace was shown 

with the least walking accessibility but square with greenspace with the highest. This may be more 

implicated in the influence of the geospatial distribution characteristics of urban green spaces on 

peopleôs visiting patterns. Plaza green spaces in China are more often located on streets within built-

up areas, attracting more nearby residents to stop and relax during their walks. Regional green spaces 

outside built-up areas, on the other hand, contain more scenic areas (see the composition of Regional 

Green Space type in Appendix 3), etc., and with less developed transport outside built-up areas (Kong, 

Yin & Nakagoshi, 2007), a self-driving mode is more favoured to visit these green spaces. Therefore, 

for improving the accessibility of UGSs, the frequent modes of transport corresponding to the various 

UGS types should be an essential factor. Improving the accessibility of UGSs outside the built-up area 

can be achieved by providing dedicated transport routes between the parks and the city centre, as well 

as by the provision of convenient parking facilities. 

5.3.1.2 Travel time 

Figure 5-3 indicates that over 87% of people spent less than 31 minutes to visit UGS A, with over half 

traveling for 16 to 30 minutes. This suggests an acceptable time cost for public access is generally 

under 30 minutes, irrespective of transport modes. 
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Figure 5-3 Travel time to [UGS A] 

In a summary of their corresponding travel times by type of UGS visited (Figure 5-4 (a)), it was found 

that the proportion of long travel time costs (more than 30 minutes) for visits to óRegional greenspaceô 

was higher than their proportion for visits to óBuffer greenspaceô and óSquare with green spaceô, with 

trips of 40 minutes or more accounting for over half. This might be due to those regional green spaces 

spreading outside the town site over longer distances, usually costing people living downtown more 

time getting there. However, it is worth noting that for very short journeys (which cost less than 6 

minutes), they make up the highest proportion of visits to regional green spaces at around 9%, almost 

the only one above average. This is probably a consequence of residents who live near UGSs visiting 

them more frequently (Fongar et al., 2019). On the basis of detailed descriptive information about the 

UGS A (six valid out of eight) mentioned by these respondents, it observed a repeated term 

óneighbourhoodô (from two of their descriptions) neatly. They lived in Haizhu District and Baiyun 

District, where two famous regional UGSs, Baiyun Mountain and Haizhu Wetland, are located. This 

gives some validity to the inference. 
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(a) Travel time by destinations                      (b) Travel time by modes of transport 

Figure 5-4 Proportion of people spending travel time duration summarised by type of destination (a) and travel time 

categories (b) [UGS A] 

Before investigating differences in travelling time among modes of transport, it examined the 

correlation between them by Chi-square test (see Table A32-1 in Appendix 32 for detail), whose results 

indicated a significant correlation (p < 0.001). As shown in Figure 5-4 (b), variances of travel time by 

modes of transport described that the transportation for extremely short trips (less than 6 minutes) was 

mainly found on foot (19%), whose proportion was approximately five times more than that of other 

modes. Meanwhile, trips on foot owned the least per cent of long travel time (>30 minutes). For such 

trips to [UGS A], more people preferred taking labour-saving transport, especially public 

transportation. When travel time is more than 15 minutes but less than 31 minutes, most visitors use 

private cars or public transportation, and fewer people selected walking by 11% less than the average 

level. This reacts the need for walking proximity to UGS well to the mainstream of the ñX-minute cityò 

proposed for developing advanced communities, having been promoted by C40 cities (C40 cities, 2020) 

and adopted in lots of countries with similar concepts (e.g., ó20-minute neighbourhoodsô in Oregon 

(Steuteville, 2008); ô15-minute community-life circleô in China (Weng et al., 2019; Li, Zheng & Zhang, 

2019); ó10-minute walking neighbourhoodsô in Australia (TCPA,2021)). 

Figure 5-5 assisted a further understanding of how travel time distributes in modes of transport to 

different types of UGSs. Less travel time by slow transport (walking or bicycle) and relatively more 

travel time by taking public transport, private cars or taxi/ cab costs on travelling to regional 

greenspaces were highlighted in Figure 5-5 (a) and Figure 5-5 (b). It could divide residents visiting 

regional greenspaces into two groups. Found that suburban people usually have slow travel mode on 
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their short journeys (Salonen et al., 2014); the first group is people probably living in the vicinity of 

them (in suburb areas), thereby tending to walk or bicycle get there, and other are residents living so 

far away that have to conquer spatial segregation by long-time fast-transport trips. 

 

Figure 5-5 Boxplots (a) and Mean Curves (b) of travel time cost on taking different transportation modes to get to 

different types of [UGSA]. 

5.3.1.3 Among socio-demographic groups 

Travel time 

The travelling time collected from visitorsô [UGS A] differed among age groups. Figure 5-6 showed 

that the proportion of very short journeys (trips lasting less than 6 minutes) was highest in the older 

age group (>50 years) at around 18%, roughly six times and twice as high as the proportion in middle 

age group (31 to 50 years) and the younger group (<31 years) respectively. Further, older people who 

spent much less time travelling to [UGS A] were found over half walking there. Joint with the types 

of [UGS A], it was sorted as mainly buffer greenspaces (40%) and square greenspaces (40%). This 

implied that older people tended to use more accessible UGSs (Cattell et al., 2008) rather than regional 

UGSs far away. Green buffer and square are not as designed as the other types of UGS, yet they offer 

greening /and facilities for doing simple activities (walking, playing chess, etc.) or sitting and pastime, 

which are frequent things the elderly do in UGSs (Thompson, 2007), especially of China (Zhou, 2020, 

pp. 172-176). Street greenspaces are associated with advancing eldersô physical activities (Zhou et al., 

2020) and are worth unique designs. Among young people, the proportion of younger than 25 years 

(17.19%) preferred a long journey (>30 minutes), second only to that of people aged 41 to 50 (19.04%). 

The former could be due to their enthusiasm for UGSs and better physical condition, and the latter 

may be encouraged by their budding concerns about health and well-being. People aged 25 to 40 hardly 

considered journeys of more than 60 minutes as the cost of travel to visit UGS (not a park). Medium 

(a) (b) 
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travel distance (6 to 30 minutes) did not differ significantly between age groups, hence, to some extent, 

justifying the proposal of an óX-minute life communityô that usually ranges from 10 to 30 minutes. 

 
Figure 5-6 Summary on travel time by age categories of visitors [UGS A] 

5.3.2 Usage of participantsô most visited Park (not visited by walking) [Park A]  

5.3.2.1 Modes of transport and travelling time [Park A] 

Figure 5-7 displayed that public transport was the most frequent choice for travelling to Park A (similar 

to [UGS A]), taking up nearly 50 per cent, over twice more than the private car (14.54%), and was 

about 14 times more than the taxicab (only of 3.76%). Around 33 per cent of people got used to riding 

a bicycle or moped travelling to [Park A], the top second transport mode. It highlighted that the 

standard mode of travelling to visit UGSs in Guangzhou belonged to a sustainable mode (except for 

that portion of motorbike users), reacting to accomplishments of the increasing construction inputs 

into and corresponding to the overall growth trend of the ógreen sustainable transportationô in China 

(Zhao, 2012, pp. 99-117). 
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Figure 5-7 Modes of transport to [Park A] (most used park not on foot) 

About the profile of travel time, 76.83% of people spent less than 30 minutes on a trip to Park A 

(Figure 5-8). Half of residents travelled between 16 and 30 minutes, followed by 6 to 15 minutes of 

travel time, about 25%. It is also noticeable that only 1.55 per cent of people spent less than 5 minutes, 

which is one-fifth of this proportion about [UGS A]. Most of the longer trips that take more than 30 

minutes (23.17% in total) cost 31 to 40 minutes. This is different for [UGS A], with journeys falling 

in the over-31minute category declining (around 12%), especially in 31-40-minute duration. Due to 

types in [UGS A] excluding parks that usually provided relatively perfect facilities and environments 

under united management, which may encourage potential visitors to travel further for such 

worthwhile opportunities (Ekkel & de Vries, 2017), more people were willing to visit [Park A] 

spending longer travel time than those visiting [UGS A]. 

 
Figure 5-8 Travel time to [Park A] 

It concluded as the close relation between travel time cost and labour-saving transport taken to parks, 

suggesting that, generally speaking, the longer the travel time to a park, the more possibility of 

choosing a labour-saving mode of transport, of which public transport dominated. This also highlighted 
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the importance of developing public transport, which may compensate deprived people without car 

access for more opportunities for UGS selection (Taylor et al., 2007; Vaughan et al., 2013). 

5.3.2.2 Among socio-demographic groups 

Modes of transport 

For the selection of modes of transport to [Park A] by different genders (Figure 5-9), it found the most 

remarkable difference in taxi usage, indicating that men were more likely to take a taxi to parks. A 

similar contrast was reflected in using private cars and bicycles/assisted vehicles, about 20% more 

males than females. Women tended to take public transportation more usually, taking up around 1.21 

times that of males. Maybe because women worried more about street safety (Graystone, Mitra & Hess, 

2022; Hidayati, Tan & Yamu, 2020) and relatively lacking physical strength. 

 
Figure 5-9 Proportions of modes of transport in gender groups [Park A] 

Travel time 

According to the summary in Appendix Figure A32-4, 18-24-year-olds usually travel less than 15 

minutes to their [Park A], and middle-aged persons mostly spent 16 to 30 minutes on trips to it. Eldersô 

travel characteristics might be dependent on their distinct physical mobilities or motivations (such as 

companions), even those whose transporting mode was not walking, which to a certain extent can 

influence their desire to travel longer to park in their sufficient spare time (Kou et al., 2021). These 

mixed patterns of the influence of travel time to parks were in line with findings from Kou et al. (2021) 
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and have also been reflected by a fact above that although over 50 years old, surprisingly, were more 

likely to spend over 40 minutes to visit the park, a quarter of them still prefer a shorter trip less than 

15 minutes. 

5.3.3 Usage of participantsô most visited Park (by walking) [Park B] 

For the investigation on the usage of the most frequently visited park on foot [Park B], which was one 

of the most crucial study objects, the usage elements collected by the questionnaires contained the 

departure points of visits, visiting duration within the park, visiting frequency, and travelling time of 

getting to the park. Based on the validated correlations (see Appendix 32 for details), the specific 

diversities of usage in Park B were explored depictive statistics and correlations among them in 5.3.3.1 

and were identified with their differences in different population groups in 5.3.3.2, based on 2,292 

pieces of valid data on usage of Park B.  

5.3.3.1 Usage elements and correlations among them 

Visiting frequency 

As revealed in Appendix 32, the effect of visiting duration on visiting frequency was significantly 

statistically negative. Figure 5-10 depicts the decline trend line of the mean of visiting frequency (the 

greater the value, the more frequent the visit) as the visiting duration gets longer (except for the 

category óNot sureô). 

 
Figure 5-10 Line of mean visiting frequency by visiting duration [Park B] 

As illustrated by the correlation coefficients in Appendix 32, Figure 5-11 (a) further demonstrated a 

general continuous slow decline in the frequency of visits to Park B as the travel time spent on visiting 
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it increases, although the decline in this trend was less pronounced and moderated to a slight increase 

when the travel time changes from ó15-30 minô to 31-40 minô 

Figure 5-11 (b) shows that frequent daily visits corresponded more to short trips of less than 6 min to 

Park B at 43.23%. Whereas in the more extended travel time groups (except for ones more than 40 

minutes), the proportion of less frequent visits increased with the duration. In the ó31-40 minô travel 

time group, the proportion of less frequent visits in the óOnce a weekô, óTwice a monthô and óOnce a 

monthô groups all reach the highest proportions of all travel time groups. 

For users travelling for more than 40 minutes, the proportion of more frequent visits increases, 

including an increase in daily visits to 20% and an expansion to 42.35% for two to three visits a week. 

These peopleôs main reasons for visits were exercising and relieving stress. However, the proportion 

of these users who visit the park infrequently (less than once a month) is also the highest at 8.24%, 

more than twice as high as the other travel time groups. The main reasons for these visits were enjoying 

the view and doing exercise. 
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Figure 5-11 Line of mean visiting frequency (a) and proportion of visiting frequency (b) by travel time [Park B] 

Travel time [Park B] 

Figure 5-12 suggested growth of the mean travel time to Park B as the time cost staying in it increased, 

and this trend can be regarded as apparent among different visiting duration groups as revealed by the 

error bars.  

By the overall trend described in Figure 5-12, the proportion of each trip length group that exceeds 30 

minutes in each tour duration increases as the duration of the visit increases. Its share rises with 

increasing trip duration for the medium trip group of 16-30 minutes (Figure A32-9 in Appendix). 

However, when the trip duration exceeds 75 minutes, the share of this medium trip reduces to 33%, 

(a) 

(b) 
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which is only more than its share of very short trips of ó<16 minô and less than its share of all other 

trip duration groups. 

 
Figure 5-12 Line of mean travel time by visiting duration [Park B] 

5.3.3.2 Park use among differing socio-demographic groups [Park B] 

As verified before, the effects of age, education and gender on some of the usage elements of Park B, 

including visiting duration, visiting frequency and travel time, were statistically significant. The 

specific differences and influences are elaborated in the following paragraphs. 

By age 

Before the explanations on the analysis results, it is worth noting that samples over 60 years were only 

involved in this analysis, perhaps leading to the non-representative of these results for the whole 

population. 

As revealed in Figure 5-13 (a), the overall trend of mean visiting duration with visitors getting older 

firstly remains unchanged until the age growing to 30 years, after which there is a continuous increase 

of average visiting time followed by a slight decline when visitors are older than 50 years, where this 

decrease becomes sharp with people older than 60 years.Similar to the overall trend of visiting duration 

changing with the increase of age, the visiting frequency of Park B grows as the visitors get older until 

50 years (Figure 5-13 (b)), followed by a decline to the lowest visiting frequency for people aged 51 

to 60 years, after which people older than 60 were likely to visit more frequently. 
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With the increase in visitorsô age, they are more likely to travel further (Figure 5-13 (c)). This upward 

trend is more evident as the age of visitors increases from 25 to 50. Furthermore, for those older than 

60, the average time they spent walking to Park B decreased compared to the preceding age group. 

 
Figure 5-13 Change curve (of mean value) of visit duration (a), visiting frequency (b) and travel time (c) by age [Park B] 

  

 (a) 

(b) 

 

(c) 
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By education groups 

As for the departure point of visit to Park B, only the education correlates to it among all 

sociodemographic characteristics. Figure 5-14 (a) indicates that the fewest proportion of people left 

from work or study place to Park B with low education level of primary school and below. On the 

contrary, highly educated people with a masterôs and above were more likely to travel to Park B from 

their work or study place, whose proportion is doubled the least one in the low education group. 

Regarding the visiting duration, an apparent phenomenon can be seen in Figure 5-14 (b) that people 

with low education background of primary school and below were more likely to stay in Park B for a 

short duration (less than 16 minutes), at 27.8%, much higher than its appearance in other education 

groups. Moreover, this education group is also the one that most of them (around 11%) spent over 75 

minutes within the park compared to people in the other groups. 25% of highly educated people 

(Master and above) get used to a 45-to-75-minute visit in Park B, the group with the most share of this 

visiting duration among education groups. Additionally, among the medium to higher education 

groups, including óTechnological academyô, óCollegeô and óUniversityô, very few people spend a short 

period (<16 min) in the park. Instead, most of these people chose ó16-30 minutesô and ó31-45 minutesô 

as their usual visit time compared to other educational groups. 

 
Figure 5-14 Proportion of departure points for visits (a) and visit duration (b) by education levels [Park B] 

As discussed in 5.4.2.1.2, one reason the lower educated group preferred to stay short could be that 

they rarely visit Park B for inspiration and stress relief, which probably takes longer. Most of them 

spend this time walking or exercising in a way that generally may not be a long-time use. 

By gender 

 
(a) (b) 
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A difference was identified in the model for tests of between-subjects effects. Results found a 

statistically significant influence of the interrelation of walking time and gender on visiting frequency 

(p < 0.050). Figure 5-15 shows the estimated mean value of visiting frequency for the most frequently 

visited park (Park B) by gender group. It highlights that males (as opposed to females) were more 

likely to walk to parks for a longer time (over 40 min). 

 
Figure 5-15 Estimated mean value of visiting frequency for the most frequently visited parks with the effect of walking 

time by gender [Park B] 

5.3.4 Usage of participantsô second most visited Park (by walking) [Park C] 

Similar to the analyses for the usage of Park B, there are two main sub-sections, including usage 

elements (departure points, visiting duration, travel time) and their features among population groups. 

Correlations among these usage elements of Park C can be found in Appendix 32. 

5.3.4.1 Usage elements and correlation 

Geographic location prior to park visit [Departure points] 

As for the place of departure, 70% of people cited home as their starting point for visiting Park C, and 

nearly all the remaining left from their work or study place travelling to Park C. Compared to Park B 

in Figure 5-16, there are around 10% more people mentioning óWork/Study placeô as the departure 

points of the visit to Park C. 



150 

 

150 

 

 
Figure 5-16 Departure points of visits to [Park C] 

Visiting duration 

About the visiting time within Park C, similar to Park B (Figure 5-17), the least number of people 

visited for more than 75 minutes, followed by about 8% of visits of less than 16 minutes. The 

discrepancy is that the difference in the proportion of choices between these two groups in Park C has 

increased, reflecting a higher percentage of ó<16minô and a lower percentage of ó>75minô. In addition, 

the most common length of stay in Park C was between 15 and 30 minutes, accounting for 

approximately 37%, followed by ó31-45 minô, with a slight difference of only 1.4%. In contrast, the 

usual visiting time in Park B was longer, at 31 to 45 min (about 37%), 5.1% more than the ó16-30 minô 

group that ranks as the second most common one. 

 
Figure 5-17 Visiting duration categories of [Park C] 

Travel time 

Regarding the travel time to Park C, most people took 16 to 30 minutes to walk to it, with 43.92%. 

Furthermore, 12% less than this, 31.5% of people travelled 6 to 15 minutes to the park. These travel 

time ranges were the most frequently referred to by people, the same as Park B (Figure 5-18). 

Differently, more people tended to spend 6 to 15 minutes on getting to Park B, more (about 2%) than 
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the ones spending ó16-30 minô. Whereas for Park C, as described above, people were likely to travel 

more time to it, reflected not only in a more significant proportion of ó16-30 minô but also more 

percentage of ó13-40 minô and ó>40 minô, in comparison with these of Park B. 

 
Figure 5-18 Travel time to [Park C] 

Usage of [Park C] differing among the visitôs types 

Based on the results of the correlation analysis, there was a significant positive correlation between 

travel time and visit duration, which is verified by plotting the change in average travel time visit 

duration (Figure 5-19). It is evident that as peopleôs travel time to Park C increases, their overall length 

of stay in that park continues to rise steadily. 

 
Figure 5-19 Change curve of visiting duration by travel time category [Park C] 
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5.3.4.2 Usage elements of Park C among differing sociodemographic groups 

For differences in the usage characteristics of Park C across populations, this subsection presents a 

statistical analysis of the use characteristics according to socio-demographic characteristics (age, 

education level and gender) in turn. 

Variations of usage by age 

For different age groups, Figure 5-20 indicates that 28% to 34% of their departure points to Park C 

were places of work/study when they were aged 25 to 50, higher than their proportions among 18ï24-

year-olds and 50-year-olds. 

 
Figure 5-20 Proportion of departure points of visits to Park C by the age of their visitors 

Corresponding to the positive correlation between visit duration and age group, the change curve 

depicted in Figure 5-21 (a) confirms this trend. Specifically, the increase in age is accompanied by an 

increase in visitation time, except for a slight decrease in average visitation time when the age increases 

from 31-40 to 41-50 years. 

Figure 5-21 (b) displays that peopleôs travel time to Park C keeps increasing as they get older to 50 

years old, and the growth trend of 25-50 years old is more substantial than that of 18-30 years old. 

Afterwards, when the age is over 50, the travel time decreases slightly, but it is still higher than the 

average travel times of the 18-40 age groups. 
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Figure 5-21 Change curves of visiting duration (a) and travel time (b) by age [Park C] 

5.3.5 Section Summary 

In examining actual visits to various Urban Green Spaces (UGSs), including the most frequently 

visited UGS (UGS A), the most frequently used park without walking access (Park A), the most 

frequently used park with walking access (Park B), and the second most frequently used park with 

walking access (Park C), several key findings emerged. Public transportation was the dominant mode, 

especially for regional green spaces, while walking was prevalent for protection and plaza green spaces, 

particularly for constructing elderly-friendly walking communities. 

 

(a) 

(b) 
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Notably, the optimal travel time to a park for repeated visits (non-walking) was under 30 minutes, with 

shorter durations (<16 min) favored by the young and longer durations (16-30 min) preferred by the 

middle-aged. Transportation choices varied with age, education, and gender, emphasizing the 

importance of accessible transport options. For frequently visited parks, the duration of visits decreased, 

influenced by a longer trip to the park. 

Preferences for Park C differed among age groups, with the young favoring shorter trips, the middle-

aged spending 16-30 minutes walking, and the elderly showing interest in longer trips and stays. 

Educational levels influenced walking times, with the highly educated favoring longer walks, while 

the less educated preferred shorter walks to Park C. These findings underscore the diverse 

transportation and visitation patterns influenced by demographic factors. 

5.4 Preferences about UGSs 

5.4.1 Types of Open Spaces and UGSs 

Figure 5-22 counts the types of open space that people usually prefer, and the results show that the 

most popular are green spaces, followed by cinemas and shopping malls. In addition, óHomeô, óCaf®ô, 

óMuseumô and óArt exhibitionô are relatively popular places, although about half the number of people 

chose óGreen spaceô. 

 
Figure 5-22 Statistics on the types of open spaces people usually visiting 

The graph (Figure 5-23) shows the responses from respondents regarding the reasons for not choosing 

GS as one of their usual types of open space. The font size represents how often they appear (the more 

significant the font, the higher the frequency). The main keywords that are valid and high-frequency 

in these words included óFacilitiesô, óPotteryô, óSunô, óConvenienceô, óTimeô, óPlayô, óLawnô, etc. 
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Figure 5-23 Words cloud picture of answers to reasons for not preferring UGS as the type of usually visited open spaces 

Some other critical information can be extracted from some sentences in their answers as follows: 

ñécrowds in UGSéonly use it for doing exercise other than strollingéò 

ñéinfrastructure is poorécomplicated groups of people gatheréò 

ñétoo less UGS to chooseépoor park environmentéò 

ñénearest park is not built welléothers are far awayéò 

These fundamental, high-frequency words and sentences provide insights into how these people do 

not use green spaces, which may stem from their trade-offs between the functionality and necessity of 

parks. For example, crowded parks, poor facilities, and inadequate park space configurations can result 

in people ignoring the need for parks in favour of alternatives. Simultaneously, the diverse types of 

public space in contemporary society provide a tilt away from the óGreen spaceô category in the 

publicôs balance. 

When asked what type of UGSs people commonly use, more than half chose parks out of the five types 

listed, twice as many as the second-ranked óbuffer greenspaceô (Figure 5-24). This was followed by 

plazas with greenspaces and regional green spaces. This corresponded to a study by Shan (2014) on 

UGSôs usage and preferences in Guangzhou. It revealed that 46.4% of respondents mentioned urban 

parks as their preferred type of UGS. There are more people citing buffer greenspace in this study 

(25%) than greenbelts in the previous study (14%). It could be led by the increasing concentration on 

developing the greenways and minor street greening (e.g., óPocket Parkô), which in recent years has 

evolved into an essential ecological product for high-density cities to improve the level of green space 

provision (Kondo et al., 2020) and satisfy the citizenôs need of easy links to nature in the urban area 

(Wu et al., 2021). 
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Figure 5-24 Statistics on the types of UGSs that people visit most often 

5.4.2 Reasons and Barriers for Visiting 

5.4.2.1 Reasons for visiting parks 

There are different leading reasons for visiting three types of parks, as revealed in Figure 5-25, where 

the main reason for visiting Park A was to get inspiration, visiting Park B was to walk or exercise, and 

visiting Park C was getting inspiration as well. The similarity of the aims of visits to these parks are 

the top three reasons that embraced óInspirationô, óRelieve stressô and óWalk/ Exerciseô consistently. 
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Figure 5-25 Count of reasons for visiting selected by visitors of Park A, Park B and Park C 

Park A 

For the education level of visitors, óCommuteô and óGatheringô were not significantly different across 

different education groups. In addition to these two, among the other visit reasons, people with the 

lowest educational background (primary school and below) tended to mention óWalk/ Exerciseô and 

óCommuteô, and less cite óInspirationô was also less referred by the highly educated group (óMaster 

and aboveô) (Figure 5-26). Medium education level visitors (in the óTechnological academyô group) 

mostly visited Park A to get inspiration and were least likely to óWalk/ Exerciseô and enjoy the view 

in the park. Respondents with an education higher than a bachelorôs degree visited Park A more to 

relieve stress and enjoy the scenery and less to socialise. This may reinforce the view that the 

recreational function of UGSs decreases in demand with educational background (Zhang, Chen, et al., 

2013). 

 

tŀǊƪ ! 

tŀǊƪ . 

tŀǊƪ / 



158 

 

158 

 

 
Figure 5-26 Proportion and count of visit reasons by education level [Park A] 

Park B 

As verified in Table 5-14 previously, there are correlations between age and education groups and all 

the reasons for visiting Park B. 

The noticeable differences in the reasons for visiting Park B between education groups were mainly 

between the lowest-educated group and the other groups (Figure 27 (a)). It was evident that those with 

low education (primary school and below) preferred to walk or exercise and socialise, which supported 

a finding that there was less importance of social contacts for people of higher socio-economic status 

(Maas et al., 2009). They were less likely to gain inspiration, release stress and enjoy the scenery. 

As for usersô different frequencies of visits to Park B (Figure 5-27 (b)), they mentioned distinct 

purposes of their visits, statistically especially for óSceneryô, óSocializationô, óInspirationô and óWalk/ 

Exerciseô, which has been examined (Table 5-14 above). Specifically, frequent visitors (once a month 

and more) of Park B regularly favoured getting inspiration and socialising there, whose differences in 

performances from infrequent users were noticeable. As for respondents who walked to visit the park 

less than once a month, they commonly used the park for walking or doing exercise and enjoying the 

view, with relatively less disparity. 
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Figure 5-27 Proportion and count of visit reasons by education (a) and frequency of visitors (frequent user: visits once a 

month and more; infrequent user: visits less than once a month) (b) [Park B] 

Park C 

The education has been confirmed to have an impact on six of seven reasons that excluded óGatheringô 

for visits to Park C (Table 5-14 above). Figure 5-28 illustrates the details, where firstly, as the 

educational level of the users increases, more of them visited the park on their commute. Those with 

lower education levels (primary school and below) went to Park C more often for a walk or exercise, 

a much higher proportion than other groups with education levels beyond it. In contrast, however, these 

respondents with low educational attainment seldom mentioned stress relief as a reason for their visits. 

Those with intermediate education from a technical school background were the least likely of all to 

visit Park C for a walk or exercise, with more of them visiting with a need for scenery, social interaction 

or inspiration. In the remaining three higher education groups, the purposes of their visits were more 

uniform, and there were no particular differences in comparison with the other groups. 

 (a) 

 (b) 
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Figure 5-28 Number and percentage of visit reasons by education [Park C] 

5.4.2.2 Barriers on visits to UGS 

5.4.2.2.1 Barriers on visiting parks on foot: none users of [Park B] or [Park C] 

For those who were found in the survey to have never accessed a park on foot (in total 133 respondents), 

relevant possible reasons were collected (as the compulsory with multiple choice, up to four), and the 

statistics are shown in Figure 5-29. It emerges that the top barrier is óLack of timeô, the number of 

which exceeded the others far awayðfollowed by three barriers that were chosen closely together, 

namely no direct route, heavy traffic and preference for other modes of transport (óLack of 

transportation alternativesô). It is worth noting that although these three reasons are stand-alone, they 

all have a common denominator whereby all involve elements related to spatial accessibility, namely 

spatial proximity, impedance and mode of transport; as well as these three reasons, four other obstacles 

were mentioned by some people and should not be ignored. The first is óToo Lazyô to walk to visit a 

park, which means that walking is considered more strenuous. The second is that the poorly paved 

footpaths on the route were considered to be a detriment to the walking experience. A small number 

of people commented on the lack of landscaping around the pavement and the lack of shade on the 

pavement. 
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Figure 5-29 Summary on barriers to visiting a park on foot. 

For people of all ages (Figure 5-30), those younger than 40 were rarely prevented from walking to the 

park by the low quality of the poor pavements and parks, especially young people aged 18 to 24. They 

were also rarely bothered by the heavy traffic on the path. Middle-aged people (25 to 40) were more 

bothered by congested traffic on the path, which may imply that the poor walking experience caused 

by congested vehicles and crowds is a barrier. For those older than 40, they were more likely to be 

influenced by the quality of parks in that the poorer parks might not be attractive for them to walk to. 

Also, they mentioned poor footpaths as a barrier, which could be attributed to limited physical mobility, 

especially for those over 50, as they were also the ones who named óToo lazyô as a critical barrier more 

often. This would mean that walking can be physically demanding for them and consequently a barrier. 

 
Figure 5-30 Barricade items on walking to the park in age groups 

Regarding the statistics for the different education groups (Figure 5-31 (a)), due to the paucity of the 

sample for primary school and below (only 1), the discussion of the results below ignores this group. 

Based on the two education-related barriers in the table, óLack of timeô and óPoor sidewalksô, it 

revealed that people with lower (junior/senior secondary) education backgrounds were mainly 

hindered by the lack of free time (over 50%), partly concurring the finding that demonstrated an 
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essential impact of available leisure time for low SES groups on accessing a park (Wang, Brown & 

Liu, 2015). Low SES groups mentioning lacking time for walking to visit parks might be led by lower 

priority of park visitation for their activities (Liu, Li, et al., 2017). Many people in the middle level of 

education (óTechnological academyô) cited óPoor sidewalksô as a barrier for walking to visit a park, 

which also had a negative impact on the higher education group about walking to visit parks. A 

supplementary difference of factors relating to access between the middle-educated group and higher 

educated one was the former perceiving óNo direct routesô less than the latter. However, the highest 

qualified people felt less worries about park quality as an issue. 

For men and women (Figure 5-31 (b)), the prominent differences in their obstacles were that women 

were more bound by óLack of timeô and óPoor park qualityô, while men were more concerned about 

the quality of the pavement. It could validate the fact that womenôs family and social responsibilities 

are inherently more diverse and complex than those of men (Kavanagh et al., 2006), leading to dense 

constraints on daily activities (Acker, 1973; Whitehead et al., 2016), from both space and time 

constraints aspects. Additionally, a study on 40 major cities in China (Carli, 2020) revealed that the 

use and perception of UGS by women were more likely to be affected by the quality of UGSs, having 

been presented by others as well (e.g., Ode Sang et al., 2016; Brace, Garrido-Cumbrera & Correa-

Fern§ndez, 2021; Manyani, Shackleton & Cocks, 2021). 

 
Figure 5-31 Summary on barriers of walking to visit a park by education levels (a) and gender (b) 

5.4.2.2.2 Obstruction of access to Park B: infrequent visits 

When investigating the frequency of walking to visit the most frequently visited park (Park B), some 

respondents answered óLess than once a monthô. Aimed at these people, it collected the barriers on 

their visits to Park B, as summarised in Figure 5-32. óLack of timeô was the most common reason 

leading to an infrequent visit, selected by nearly half of these infrequent visitors. The top two and three 

obstacles are óOther placesô, indicating the greater attractiveness of other open spaces for leisure, and 

 
(a) (b) 
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óWalking timeô, meaning that some users were prevented from often using by the consideration of 

undesirable travelling time by foot. There was also a group of people perceiving that the quality of 

Park B was not sufficient to fulfil their demand to motivate them to visit it more often. A minority 

mentioned the lack of interest in UGSs as a hindrance. 

 
Figure 5-32 Number of different barriers of visiting [Park B] 

Apart from óNo interestô, the other four barriers were not equally chosen by different age groups 

(Figure 5-33). óPark qualityô was more influential in the reasons cited by people aged 31 to 50 on their 

infrequent visits. Unacceptable travelling time usually bothered the over-40-year-old, especially ones 

over 50 years old, but seldom enabled to result in prevention for the younger visitors, particularly the 

ó31-40ô group. People younger than 40 years were more likely to be negatively affected by óLack of 

timeô on frequent visits to Park B, where 25-to-30-year-old visitors were the most representative. The 

youth (18-24) were somehow attracted by other types of open spaces and thus rarely accessed Park B. 

 
Figure 5-33 Summary of barriers on visit by age [Park B] 
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5.4.3 Features of Multiple UGSs Visited by Individuals 

5.4.3.1 Differences of using Park B and Park C 

Based on discussions on the usage of two parks that people visited the most frequently (Park B) and 

the second most frequently (Park C), some differences have been identified, mainly referring to three 

use elements: departure points, travel time and visiting duration. The following paragraphs offered 

further descriptions of their compositing characteristics regarding socio-demographic factors and 

intercorrelations. 

Changes in Departure Points 

In 5.3.4.1.1, it was shown that, in comparison to Park B, there were more people visiting Park C 

leaving from Work/ Study place. Appendix 16 provided a detailed summary of the further exploration 

of changing (514 out of 1,851) departure points for visiting Park B and Park C. It revealed that the 

primary shift type of departure point was towards óTo Work/ Study Placeô (333 out of 514), meaning 

that more people visited Park C leaving from their working or studying places, and they got used to 

visiting Park B leaving from home or other places. For these people, their travel time to Park C was 

more likely to be shorter than to Park B (Chi-square Value of 21.653, p-value = 0.001). They also 

tended to use Park C for different visiting durations (217 unequal visit duration records out of 333 

records), usually a longer stay than in Park B (142 ó#B>#Cô out of 214 unequal visit duration records) 

(Chi-square Value of 40.377, p-value < 0.001). There were no significant differences in the shift type 

of departure points by the comparison between the enjoyment of the two parks, where the overall 

enjoyment usually remained the same. Looking at how the ease of access to two parks changed with 

the shift of their departure points, it indicated that people who had óNo changeô in departure points 

mainly were likely to feel similar ease of access to two parks. While, if a person visited Park C with a 

different departure point from Park B, his perceived ease of access to Park B was more likely to be 

higher than to Park C, especially for the shift to óTo Homeô. This also reflected the fact that people 

visited a park the most frequently instinctively due to its easier ease to access. 

Differences in Travel Time 

Investigating whether people always visit the nearest park, differences in travel time between Park B 

and Park C presented that the time cost of walking to the most frequently visited park mainly was less 

than that cost of the second frequently visited (550 óPark B < Park Cô records out of 863 unequal 

records in total). Further to this, people spending longer time walking to their Park B were found to be 

more likely to stay longer there (38% more óPark B>Park Cô of Visiting Duration falling in óPark 

B>Park Cô of Travel Time difference). In addition, peopleôs willingness to walk longer to a park may 
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not benefit from a better experience visiting the park, neither for Park B nor for Park C. Instead, people 

tended to rate the more accessible access to Park B in spite of its travel time longer than Park C. As 

there have been other features of parks and other both psychological and physical factors affecting 

park use (Wang, Luo, Gazal et al., 2023), specific factors that have impact on peopleôs frequent use of 

Park B were discussed in detail below (5.4.3.2). 

Differences in Visiting Duration 

In general, people preferred staying longer in their most frequently visited park (Park B) than in Park 

C, which phenomenon may be closely related to higher enjoyment of the visits to Park B. Furthermore, 

people considering the visit to Park B more enjoyable were less likely to have a longer visit to Park C. 

Similarly, a longer visiting duration in Park C was somewhat affected positively by peopleôs better 

evaluation of it than Park B. 

Differences in Enjoyment 

Surprisingly, there were a bit more people rating the visit to their most frequently used park (Park B) 

less enjoyable than their second frequently used one (Park C), which was found with 15.2% more in 

óPark B< Park Cô of óDifferences of Enjoymentô. As discussed above, it did not depend on these use 

and perception elements significantly. Features of parks affecting peopleôs overall enjoyment of 

walking to visit a park were elaborated in 5.5.1. 

Differences in using two parks among sociodemographic groups 

Different population groups were found to have specific habitats for using multiple parks. First, 

middle-aged people (31-40 years) were more likely to visit their second parks with a different departure 

point, óWork/Study Placeô (Appendix 17-1 (a)), suggesting that office locations should also be 

recognised as important points of park demand, especially where there are more middle-aged people. 

In addition, these people are more likely to visit parks with shorter walking times, which may 

compensate for the poorer visit experience of Park B compared to Park C (óenjoymentô Figure A (a)), 

thereby driving Park B to be used more frequently. In contrast, people aged 50+ were more likely to 

spend more time walking to their usual parks probably because they rated Park B more highly in terms 

of enjoyment (Appendix 17-4 (a)) and accessibility (Appendix 17-5), even though their stays in Park 

B were shorter than those in Park C (Appendix 17-3). Younger people (18-24 years) preferred a shorter 

visit to Park B and a longer one in Park C. Ease of access to their Park C was more likely to be higher 

than Park B, which cost them more time travelling as well. This reflected the fact that accessibility and 

spatial proximity were not the primary criteria for young people in choosing a park, which was further 

explained in 5.4.3.2 and 5.4.5. 
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For highly educated people (college and above), they tended to use their second most-used park from 

office locations (Appendix 17-1 (b)). They commonly took less time walking to Park B (Appendix 17-

2 (b)) and enjoy the overall visit better (Appendix 17-4 (b)) over Park C. By contrast, lowly educated 

people usually walked a longer trip to Park B, thereby reducing their enjoyment of this visit to Park B 

(Appendix 17-4 (b)). 

5.4.3.2 Reasons for visiting a park more frequently 

For those who had the experience of walking to two parks in their routines (in total N = 2,290), the 

two parks they visited were categorised into Park B and Park C in terms of visit priority, i.e., the most 

and second most frequently visited. It collected the reasons why visitors preferred to walk to Park B, 

as shown in Figure 4-13 in 4.4.2, to allow people to pick the advantages of Park B over Park C by 

comparing the two parks, thus further reflecting their preference for walking to the park. Most people 

would choose to access a park more often because of its views. Spatial proximity ranked third in 

peopleôs usage preferences, slightly less than the importance of the cleanliness of the park. This was 

followed by facilities within the park and the size of the park, both of which, along with spatial distance, 

were also elements that were extensively used in the park accessibility modelling. In addition to this, 

however, a considerable number of people also identified several other Park Bôs features as critical 

points that would encourage them to visit regularly, such as familiar routes and the abundance of 

activities in the park. Among these, it can be observed that although few people chose characteristics 

related to the surrounding environment (i.e., the safety of the neighbourhood and surrounding 

amenities), the demands of this segment of the population can also be very valid suggestions in terms 

of optimising the efficiency of park services. 

Regarding education groups (Figure 5-34), the lowest educated visitors less stressed the attractiveness 

of óSceneryô about their Park B. Moreover, they were also the group that valued óDistanceô least often, 

whereas the highly educated people with óMaster and aboveô minded this feature most. Additionally, 

the most meaningful advantage of a park for the low education group (Primary school and below) is 

the proper size of it. In addition, highly-educated people were less likely attracted to walk to visit a 

park for its better óLevel of activityô and óFacilitiesô. These visit preferences of highly-educated people 

reinforced a view that high educational qualification decreases peopleôs recreational needs in UGSs 

(Zhang, Chen, et al., 2013). 
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Figure 5-34 Statistics on the distribution of characteristics attracting education groups in [Park B] (compared to [Park C]) 

5.4.4 Preferred and Acceptable Travelling Time 

The study also collected peopleôs preferences about walking time to parks, commonly considered a 

vital element of the classic spatial accessibility modelling process (Marten & Gillespie, 1978; Hass, 

2009). Two types of walking time included the Preferred Walking Time (PWT), indicating how much 

time people consider ideal for travelling to a park on foot, and the Acceptable Longest Walking Time 

(ALWT), presenting the longest time people can afford to spend on walking to a park. They can reflect 

the bound of travel time range based on individual characteristics, where ALWT is meant to represent 

the maximum marginal value of service radius for a park to its potential user, to be seen as the average 

level of óclassic and plateau curvesô of the distance decay progress (McKercher et al., 2008; Rossi et 

al., 2015), exceeding which the space isolation can barrier people from visit. 

Figure 5-35 depicted the summary of these two types of walking time, which all mainly focused on 

the ó10-20 minô group. A significant difference was that more people selected over 20 minutes as the 

ALWT, leading to a greater mean value (around 27 minutes) than the PWT (23 minutes). 

 
Figure 5-35 Summary of the Preferred Walking Time (PWT) (a) and the Acceptable Longest Walking Time (ALWT) (b) 

spent on accessing a park. 

 (a) (b) 
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Correlations between two types of time and sociodemographic factors and the correlation coefficient 

were summarised in Table 5-4. It indicated that there was a correlation between the PWT and age but 

no linear relationship between them. The education level of visitors had a significant positive effect on 

the PWT. 

Table 5-4 Analysis results of the correlations between sociodemographic factors and two types of walking time and their 

correlations coefficients 

A detailed change curve of the mean PWT by education levels was provided in Figure 5-36, showing 

an increase of the PWT with education level getting higher, especially as the education level got higher 

than primary school. As the PWT primarily highlighted the ideal condition of the length of a trip to the 

park, it enabled to reflect the most substantial eager thirst of the lowest educated people for the 

proximity of parks but not the lower limit (referring to the ALWT) or actual time cost (e.g., travel time 

to [Park B]) their travel to parks, as none of them differed in education groups significantly. 

 
Figure 5-36 Change curve of mean PWT by education level 

The ALWT was positively affected by age (Figure 5-37). Except for a minor decrease in the ALWT 

when people get older than 25 years, the mean ALWT kept growing with people ageing, which 

primarily increased rapidly as visitors aged over 50 years. As for education level, it significantly 

Sociodemographic factors Preferred walking time (PWT) Acceptable longest walking time (ALWT) 

Chi-square Tests 

 Value p-value Value p-value 

Age 97.472 0.000 95.665 0.000 

Education 107.277 0.000 107.611 0.000 

Gender 15.561 0.004 9.315 0.054 

Nonparametric Correlations (Spearmanôs rho) 

 Coefficient p-value Coefficient p-value 

Age -0.013 0.540 0.045 0.030 

Education 0.115 0.000 0.003 0.907 
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correlates to the ALWT in some groups but not a general linear relation. Furthermore, there is no 

correlation between gender and the ALWT. 

 
Figure 5-37 Change curve of mean ALWT by age 

Bar charts in Figure 5-38 with statistical analysis of the relevant ordinal data provided a detailed 

breakdown of the differences in walking time preferences among the various groups of different 

demographic characteristics. 

In terms of the PWT, a long trip (over 30 minutes) was favoured mainly by people aged over 50 years, 

as shown in Figure 5-38 (a). However, these people also answered a short trip less than 10 minutes 

walking distance as their PWT, accounting for 25.42%. The former may be because more older people 

are retired and, therefore, have enough time devoted to walking to the park in China (Zhan et al., 2021). 

On the other hand, older people are also less fit or more disabled, which could restrict their mobility 

walking for a long time, and several older people can only walk to nearer parks (Wojnowska-Heciak 

et al., 2022). 

As for the ALWT in different age groups (Figure 5-38 (b)), it is evident that elders (50+) were more 

likely to walk further than the younger, manifested as the higher percentage of them selecting ô31-40 

minô and ó>40 minô for their ALWT. 
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Figure 5-38 Summary on PWT (a) ALWT (b) to a park by age 

About changes from the PWT to the ALWT, older people contributed mainly to the time category for 

long trips, especially more than 30-minute ones. A critical increase of the ALWT for other younger 

groups was represented in more mention about ó21-30 minô. It implies that besides physical mobility, 

temporal flexibility seemed to lead older people to break the spatial barrier more likely than the 

younger. The most highly educated (master and above) contributed most to the increase in ALWT over 

AWT for midway trips (21-30 min), whereas they were no longer accepting long trips over 30 min. In 

contrast, those with only primary education or less were more able to concede to park proximity (<20 

min) when asked about ALWT, which meant that their proportions of PWT declined the most compared 

to their proportions of ALWT (~22%). Because the highly educated usually possess higher standards 

for UGS, in comparison with lower educated people who can share a better environment of housing 

(a) 

(b)) 



171 

 

171 

 

and nature in Guangzhou (Yang, Yang & Zhou, 2022), this experience may trigger their higher 

motivation to overcome distance resistance. 

5.4.5 Determining the Importance of factors affecting the choice of park 

The final preference element concerns the importance of the influencing factors of park visits on 

people's park choices. As explained in the methodology section, twelve factors were selected for this 

questionnaire based on existing studies related to park use, and respondentsô opinions on their 

importance were collected and represented in the form of a scale (1-5, the higher the value, the higher 

the importance). Figure 5-39 shows the ranking of the sum of the ratings for each factor, and it appears 

that the most influential factors in the choice of park visit are traffic safety and park quality, where 

park quality refers to the overall quality of the park covering the characteristics of the park itself, 

including the facilities within the park, the reputation of the park and the views of the park. The 

following vital factor is a sense of safety along access routes, which has also been highlighted in many 

previous studies on park use. The other factors that followed closely behind were the degree of 

greenery on the paths, footpaths, weather and congestion on the paths. The spatial distance factor, 

which has been emphasised most in green space allocation studies, only placed seventh. In addition, 

the factor of fellow pedestrians is the least important of all elements for park selection. 

 
Figure 5-39 Rank of importance of factors influencing peopleôs choices of parks 

For importance scores, their relationships between age and educational background with continuous 

attributes were examined by a Spearman correlation test, which revealed negative correlations between 

age and educational background with all factors of relevance. The curves of the importance of the 

factors with age and educational background in Appendix 18 and Appendix 19 demonstrate how these 

negative correlations manifest themselves in practice. 

Changes in concerns about the importance of the four factors valued by educated groups were similar, 

displaying an overall decline trend with merely a tiny magnitude (see Appendix 19). In detail, people 
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with lower educational backgrounds rated three route-related factors (óTrafficô, óRoute crowdô and 

óTraffic noiseô) more important than their selection of parks to visit on foot, especially crowded routes 

that continually decreased with education upgrading. This point can be understood in the sense of a 

lack of demand and thus an increase in concern, corroborating a previous point that even though there 

are a number of available UGSs nearby SES groups, the relatively dense and poor environment usually 

surrounding their living areas (Liu & Wu, 2006) may cause the difficulty of perceiving adequate UGS 

provision. In comparison, higher SES are more likely to live where greenspace is sufficient on their 

nearby streets and neighbourhood (Li, Zhang, Li, Kuzovkina et al., 2015; Wang, Feng et al., 2021). 

Differences in the importance placed on óWeatherô by education were not as pronounced. 

5.4.6 Section Summary 

This subsection delves into various elements shaping individuals' preferences for park visits, including 

types of Urban Green Spaces (UGSs), motivations and barriers for visits to specific parks ([Park A], 

[Park B], and [Park C]), reasons for selecting Park B, travel time considerations, and park features 

influencing choices. 

Key findings suggest that issues like crowded spaces, poorly designed facilities, and limited space in 

UGSs can diminish their appeal, making people turn to alternative open spaces for relaxation or 

recreation. Preferences varied among age groups and education levels, with the younger and less 

educated group disliking UGSs in daily life, favoring other open spaces instead. 

Different parks attracted visitors based on transportation mode and frequency, with unique features 

and motivations. For instance, Park A and Park C were associated with inspiration and stress relief, 

while Park B appealed as a place for leisure or exercise, particularly among the young and old groups. 

The motivations for visiting parks shifted with age, education, and gender, revealing diverse patterns 

and preferences. 

Barriers to park use included factors like lack of time, limited accessibility, and transportation mode 

preferences. Young people preferred alternative transport modes, while middle-aged individuals cited 

congested traffic. Older individuals faced obstacles related to poor pavements and physical mobility 

concerns. 

Scenery emerged as a primary reason for frequent visits to Park B, surpassing the distance factor. 

Female users expressed more concerns about safety, and older individuals prioritized route greening 

and traffic noise when selecting parks to visit. 

5.5 Perceptions of UGS 
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Apart from actual use and preferences of UGSs, perceptions about UGSs are essential for reflecting 

service levels of UGSs and identifying important factors that have impact on their usage of UGSs. It 

analysed and discussed two aspects of perceptions (on usage in 5.5.1; on features in 5.5.2) on three 

types of parks nominated ([Park A] [Park B] and [Park C]) respectively. For Park B and Park C, Ease 

of Access was included as feature of them being discussed in 5.5.2. The correlations and 

interrelationships between use (travel time, visiting duration, and frequency of visit) and perception 

(ease of access, satisfaction of park quality, and overall enjoyment) elements were further explored 

and interpreted in 6.2.3 of Chapter 6 (Module 3) for comparison with these in the UK, and were no 

more discussed in this subsection for avoiding repetition. 

Another subjective perspective of current status of parks by residents aimed at investigating the general 

ease of access and satisfaction on the provision of available parks perceived by them, which have been 

explicated in 4.3.1 with details and comparatively analysed their associations with the objectively 

calculated accessibility in 4.4. 

5.5.1 Perception on Using Different Parks 

5.5.1.1 Park A 

Ease of access 

For people with different educational backgrounds, as shown in Figure 5-40, the fewest of those with 

higher qualifications found it easy to get to Park A, while people with lower education levels were 

more likely to mention the access very easy. Such contrast can be explained by a common fact that in 

Chinese megacities, the high SES group, compared to the lower one that mainly consists of migrants 

from rural areas (Guangzhou Census Office, 2020), usually live in well-constructed environments and 

as a consequence pursue higher levels of UGS provision. It may be due to the fact that highly educated 

who mostly grew up in urban areas and used to be involved in programs on nature knowledge in 

childhood would foster their needs for nature exposure with ongoing effect (Jim & Shan, 2013; Sebba, 

1991). 
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Figure 5-40 Summary on ease of access by education groups [Park A] 

In terms of the impact of travelling time on peopleôs self-rated ease of access (Figure 5-41), as the 

travel time spent to a park increases, peopleôs rating of the ease of access to that park decreases, 

specifically from close to óVery easyô to decreasing away from óEasyô, where the ease of access to the 

park started to fall below the óEasyô threshold when the travel time was more than about 35 minutes, 

reinforcing a fact that the rationality of existing óCommunity Life Circleô aiming at almost less than 

30-minute-travel and commonly within 15-minute slow-traffic duration (e.g., Shanghai UPLRAB, 

2016; Portland BPS, 2012). 

 
Figure 5-41 Change cure of the mean ease of access by travelling time [Park A] 
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Enjoyment 

Unlike the above ratings on accessibility, those with low educational attainment were less satisfied 

than all groups with their overall experience of visiting Park A, at 37.5% (Figure 5-42). This may 

provide further evidence for a view stated above that though there can be a decent number of parks 

located around people with lower education (represented as higher ease of access perceived by them, 

as discussed above), of poor quality, making them less likely to possess a highly enjoyable visit to 

parks. 

 
Figure 5-42 Summary on overall enjoyment of visit by education groups [Park A] 

Similar to the above comments in Ease of access, as shown in Figure 5-43, the greatest number of 

people who went to Park A by bike or bicycle were very satisfied with the overall experience (66.37%, 

slightly more than among those who drove a private car), hinting at a fact that the popularisation of 

dockless bike-share system in China can promote a convenient and cheap transport pattern (Li, Xing 

et al., 2021) thus benefiting to use of UGSs. A few more people taking private cars were dissatisfied 

with the overall experience (1.02%), which may be brought by terrible transporting experience in 

traffic jams, in comparison to very few people using other means of transport rating the experience as 

such (except the óOthersô group). 
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Figure 5-43 Summary on overall enjoyment of visit by modes of transport used [Park A] 

Overall enjoyment was analysed to decrease wit travel time increasing but to increase with PPA 

increasing (see Appendix 34 for details). This responded to promoting the construction of a fitness life 

environment related to accessibility, there have been several cases, such as ó15-minute Cityô (Moreno, 

Allam et al., 2021), ó15-minute community life circleô (Wu, Wang, et al., 2021), a newly issued plan 

called óAim at full coverage of 15-minute fitness circles by 2025ôin China (CDIC, 2023, June 6), and 

so on. Analysis results above about residents who usually visited parks offer an in-depth investigation 

of their use and perception. It here deems that given the community circle concept aimed at a city 

featured by more óhumane urban fabricsô (Moreno et al., 2021), it should take public preference of 

accessibility, affected by diverse factors (e.g., type of destinations, satisfaction about using service in 

destinations, etc.), into account as conditionate indicators. 

The next sub-section analysed and discussed the perception of individuals on their most used park on 

foot, whose results could contribute as a composition, potentially contributing to a concept of ñchrono-

urbanismò as a way to improve the quality of life in citiesô (Moreno et al., 2021, p.94). 

5.5.1.2 Park B 

Enjoyment 

Figure 5-44 portrays the positive association between enjoyment and visiting frequency, of which as 

visits to Park B became more joyful rated, frequency of use got higher, suggesting that those who 

favoured the visit to Park B more would encourage the usage of the park. Thus, if a person considered 

the visit to Park B enjoyable, he would visit it more frequently. Correspondingly, if people find the use 

of Park B disappointing, the share of respondents who visited it least frequently was the highest (less 

than or equal to once a month). This could also infer that some regions have inadequate park service 

that enables nearby residents to be within walking distance. 
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Figure 5-44 Figure. Change curve of enjoyment by frequency of visits [Park B] 

Together with findings about reasons for visiting parks (see section 5.4.2.1) and reasons for visiting a 

park more frequently (see 5.4.3.2), it suggested that frequent use of parks (more than once a month) 

where people visited on foot was more prevalent for those users who appreciated park traits of better 

views, cleanness and spatial proximity. Interestingly, this finding was also identified by Wang, Zhou 

et al. (2021), who highlighted the importance of park features, including aesthetics, for visitor 

satisfaction. Many studies have identified that travel time (in terms of distance) is a key influence on 

park usage (Coombes, Jones & Hillsdon, 2010; Swanwick, 2009; Tyrvªinen, Mªkinen & Schipperijn, 

2007; Van Herzele, De Clercq & Wiedemann, 2005). Additionally, the significance of parksô features, 

such as scenery and cleanliness for example, supported findings from other research that the 

improvement in UGSsô quality could offer potential visitors more opportunities for daily activities, and 

that the effect of travelling distance is less of an influence compared to the parkôs attractiveness 

(Haaland & van den Bosch, 2015; Scott, Evenson et al., 2007). As such, enhancing the overall quality 

of parks, including their design, daily maintenance, for example, may reduce negative effects 

associated with travel distance. In relation to accessibility modelling of UGS, this thesis also identifies 

that a single distance factor can not sensibly simulate the overall accessibility of UGS. 

Ease of access 

For a comparable feature of Park B (with that of Park A), the ease of access, as can be seen in Appendix 

20 (e), overall, over half of people rated it very easy walking to the parks they visit the most regularly, 

and very few found its accessibility poor. This suggested that peopleôs selection of Park B should be 

largely based on the easy access on foot, and as well, parks in Guangzhou could meet general 

requirements by pedestrians for proximity to parks. Compared with Park A, in which people took other 

transports, the ease of access to parks in Guangzhou by walkers was highly appreciated (28% more in 
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the óVery easyô appraisal). It emphasised the potential of walking to visit the park, which has been 

proposed as an essential objective for activating the liveability of park use in urban planning several 

times (e.g., Giles-Corti et al., 2005; Wang, Brown &Liu, 2015). The necessity and usefulness of 

constructing adequate and connective footpaths owe to its improvement of pedestrian accessibility 

(Mano J & Verma, 2016; Wimbardana, Tarigan & Sagala, 2018), including green galleries, air trails 

and so on. 

5.5.1.3 Park C 

Enjoyment 

For users of different educational backgrounds, Park C, visited by people with low educational 

attainment, was more often considered satisfied with their visit to it (Figure 5-45 (a)). No one among 

the more highly educated (undergraduates) denied that visits to Park C were enjoyable. Women were 

more likely than men to find it a joyful visit to Park C on foot (Figure 5-45 (b)). 

 
Figure 5-45 Summary on the enjoyment by education (a) and gender (b) [Park C] 

5.5.2 Perception on Features of Parks (travelled on foot) 

Concerning two parks that people frequently visit on foot (Park B and Park C), visitorsô perceptions 

of park-related characteristics were investigated, and the information collected was represented as self-

rated satisfaction ratings (from very poor (score 1) to very good (score 5)) of their experience of these 

features. These park features comprised six in total and have been introduced in Table A6-1 in 

Appendix 6. 
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5.5.2.1 Park B 

Overall, people commented on these features of Park B quite favourably, with over 60% rating it as 

very good (Appendix 20). Only less people rated the quality of the footpaths on the way to the park as 

óPoorô or óVery Poorô. And slightly more (1.70%) thought that the ease of access to Park B was not 

good. 

For the effect of ageing change on the evaluation of Park B features, Appendix 21 (a-f) depicts the 

change curves of the mean values of the ratings for each feature in turn. As visible from the graphs, 

the general trend of these changes is relatively similar, whereby among those aged 18 to 50 years, there 

is a slight increase in ratings of park features with age, with insignificant fluctuations. When older than 

50, visitors began to rate the park less positively, and a marked decrease in ratings commenced. In 

particular, the perception of the experience of óAmenitiesô scored a mean value of less than 4 among 

those aged 60 and over, followed by a drop in the rating of óDistanceô and óEase of Accessô to 4. 

The distribution of the different ratings of the five park characteristics that were relevant is also in a 

similar pattern across people with different educational backgrounds (Appendix 22 (a-e)). As the charts 

show, those with higher levels of education are less likely to perceive the experience regarding these 

features as óVery goodô. The proportions of people with higher levels of education at postgraduate level 

and above who felt not so good about the óSidewalksô (6.63%) and óRouteô (9.27%) to Park B and the 

óAmenitiesô (5.29%) around Park B were the highest compared to the other education groups. 

Regarding the effect of the visitors' perceived features of parks on their visiting duration (Appendix 

23 (a-b)), as people rated the distance to visit the park as increasingly good, there is a minor reduction 

in the amount of time they spent in the park (given the small sample, more data is needed to verify 

reliability). Another correlation about visit time was peopleôs ease of access to the park, it showed the 

easier of access, the less time spent in the park. When people rated the accessibility very poorly, they 

would stay in the park for a long time. It was concreted by a finding above (see 5.3.3 for details) that 

people who took a longer travel time to Park B usually stayed longer but with less frequent use. 

The relationship between the frequency of visits and the evaluation of park features showed that 

visitorsô perceptions of different features have a positive impact on their visits (see Appendix 24 (a-f) 

for details). This means that a person is more likely to use his Park B more frequently if he has a higher 

positive opinion of these characteristics. Given the support of this finding by the sample size, this 

correlation is more convincing in Appendix 24 (e), which demonstrates that as people feel better about 

their perceived easier accessibility to Park B, the frequency of their visits on foot increased steadily 

and significantly. 
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Similarly, as a person rated his Park B-related characteristics higher, there would be a positive change 

in his satisfaction with walking to visit the park, defined as overall enjoyment (see Appendix 25). This 

pattern also reflects the fact that there should be multiple factors influencing peopleôs perception of 

using a park. This association, however, could be seen in the small sample size of the óVery poorô 

rating, and more convincing conclusions would require more data on the negative ratings. 

5.5.2.2 Park C 

Generally, when visitors were older than 40, their ratings of each feature of their Park C decreased but 

were largely above óGoodô. The only difference was in the óSidewalks ï Ageô relationship, where usersô 

evaluations of the footpaths to Park C improved as they aged over 60. This change may imply that 

high-quality pedestrian paths on the road to the park prompt seniors to visit more than one park on 

foot. For these findings, see Appendix 26 (a-e) for details. 

Among the higher education groups, both the óCollegeô and óMaster and aboveô education groups 

appear to rate each of the park characteristics as óVery goodô at a more or less low than the other 

educated groups. However, those with óPrimary school and belowô were also the most likely of the 

several groups feeling óDistanceô, óQualityô, óAmenitiesô and óSecurityô of Park C not good. For these 

findings, see Appendix 27 (a-f) for details. 

Women tended to give very good ratings on three features of Parks, óSidewalksô, óQualityô and óEase 

of Accessô more often than men. Nonetheless, among those citing óVery poorô and óPoorô evaluations 

on the route to Park C, there could be more females. For these findings, see Appendix 28 (a-c) for 

details. 

The positive effects of travel time and visiting duration on an individualôs evaluation of Park Côs 

quality have been proved depicted in Figure 5-46. First, it may be interpreted that as people score the 

óQualityô of Park C higher, they have been willing to take more time walking to visit it. 

Second, it could also reflect that people would stay in the park for a longer time if they considered the 

park quality better. However, when people rate only a little bit better than the worst (óPoorô compared 

to óVery poorô) about óQualityô, it could not appeal to them to visit it for a longer time, conversely 

perhaps shorter. This argument will be more sensible if the modest sample size for some values is 

extended. 
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Figure 5-46 Change curve of travel time (a) and visiting duration (b) by usersô self-rated óQualityô feature [Park C] 

For all the other features of Park C besides óQualityô, there is a continued upgrade of usersô enjoyment 

about visiting the park with the assessment of features getting higher, where this positive correlation 

is more evident in the shift of features being evaluated from óNeither poor nor goodô to óVery goodô. 

The progression of visitorsô ratings from óVery poorô to óPoorô for óQualityô of each Park C could make 

no positive impact on improving overall enjoyment. It could be argued that the extent to which the 

óQualityô of Park C influences the experience of overall visitation is not as pronounced as the other 

features. This can further suggest that the evaluation criteria of park use should be distinct for the parks 

used with different frequencies. For these findings, see Appendix 29 (a-f) for details. 

5.5.3 Section Summary 

This subsection concluded perception-related elements of visits to multiple parks, including overall 

enjoyment and features of usually visited parks (e.g., perceived ease of access, quality, etc.). Overall, 

ease of access to Park A declined as travel time increased continuously, yet this decrease in enjoyment 

about visits tended to be subtle until travel time was over 60 minutes. As age increased, users were apt 

to be strict about requirements for the parkôs features and more likely to consider all these of Park B 

with shortcomings. It highlighted issues existing in current parks accessible by the elderly group in 

Guangzhou, awaiting the tailored design for the old group. 

Ease of access to parks was proven to have the strongest significant promoting effect on frequent visits, 

but travel time should not be a single factor for determining how people perceive the ease of accessing 

parks (as reflected in Module 1 as well), which at the same time significantly vary by socio-

demographic factors. As well as the improvement of proximity to, sidewalks, quality, amenities, ease 

of access, and security upgrade were uncovered with a positive impact on peopleôs overall enjoyment 

of visits to parks by walking. 

  

 
(a) (b) 
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5.6 Limitations and Further Research of Module 2 

Although the Internet is widely used, online questionnaires could potentially miss park users who do 

not use social media, which could result in a bias in understanding actual park usage within any given 

population. This study carried out both on-site and online modes for compensating the representation 

and used weighting in order to reduce the influence of the composition of respondent populations. 

However, differences may still persist. The outbreak of COVID-19 has resulted in a small number of 

on-site ones in this research, and it should be resolved in future surveys that require attention to the 

sample from a representation of the whole population in terms of multiple sociodemographic 

characteristics. 

Insight into non-users of UGS was involved in this analysis only on their favourite type of open space 

and reasons for non-use yet did not survey on in-depth causes and concrete suggestions for turnaround. 

This is also an issue lying in the methodology of this module, which lacks qualitative methods such as 

follow-up interviews, which would facilitate understanding and explaining the realities of phenomena 

disclosed in quantitative analyses. Nevertheless, the findings of this case study have offered several 

valuable research directions (based on regular phenomena related to visiting and using UGSs) for 

scholars and professionals in the future to probe. 

In addition, relatively modest sample sizes for subgroup categories may influence the robustness and 

confidence in specific correlation analysis outputs. While this research compares results with the 

literature more generally, the difficulty in identifying directly comparable output must be noted. This 

is the case both in the precise wording of the questions and also the methods/approaches used. This, 

therefore, highlights the need for a robust and substantial body of research to influence and steer future 

policy taking synergy influences of socio-cultural contexts and temporal-scale factors (e.g., seasons, 

time slots) into consideration. Furthermore, additional studies are required to investigate how socio-

demographic factors affect the use and visitation of green space typologies within a global context. 

5.7 Conclusion of Module 2 

The challenge of maximising limited UGS resources given the continuing rapid expansion of built-up 

areas requires a comprehensive knowledge of UGS usage and preferences. Therefore, it is necessary 

to identify and understand variations in UGS usage and preferences between and within different social 

groups and cultural backgrounds. This chapter provides insight into the importance of factors that have 

been introduced or used in previous studies and that influence individualsô choice of park visits and 

use pattern of parks (mode of transport, departure points, travel time, frequency and duration of visits), 

preferences (e.g., reasons for use or non-use, for frequent or infrequent use etc.), perceptions (e.g., ease 
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of access, enjoyment, etc.). Different types of UGSs should be emphasised developed their 

accessibility considering the usersô commonly used transport modes. Regional green spaces outside 

the built-up areas with less developed transport (Kong, Yin & Nakagoshi, 2007) should be promoted 

their access by well-designed direct lines (for public transportation users), and user-friendly design of 

car park and surrounding facilities (for private car users). It also reinforced the view that access to 

parks should be determined by factors from a variety of aspects rather than only physical distance 

resistance or the number of available facilities (Gregory et al., 2009). Preferences and use habits 

featured by socio-cultural context and personal demographic characteristics should be considered as 

vital objectives for specifying special contextual appropriate services and amenities from perspective 

of community demands in planning and design process and clarifying vulnerable regions (Wang, 

Brown & Liu, 2015). Older people's enthusiasm for UGSs, especially parks and the plaza with 

greenspaces, is a cause for concern, and they were more willing to take longer travel times to visit 

parks given their sufficient spare time (Kou et al., 2021). It also emphasised that the optimal travel 

time to a park, encouraging multiple visits, should be under 30 minutes, with shorter durations (<16 

min) preferred by young individuals and longer travel times (16-30 min) favored by middle-aged 

individuals. Older people put more concentrations on amenity and accessing convenience, which 

affected their motivations for multiple visits to one park (Gibson, 2018). Investigations on one personôs 

several visited parks could contribute to effectively improve the use of existing parks instead of 

constructing new ones, specially differing in sociodemographic groups as well. For instance, highly-

educated individuals were less drawn to visiting a park several times due to factors 'Level of activity' 

and 'Facilities.', because those with higher educational qualifications typically exhibit lower 

recreational needs in UGSs (Zhang, Chen, et al., 2013). 

In conclusion, in this Chapter, abundant empirical evidence from a questionnaire survey has been 

collected, collated and analysed for fully understanding the UGS in Guangzhou, in which significant 

correlations were highlighted for some factors affecting visits to parks can be rationally broadened to 

extensive planning scenario as guidelines or practical references. 
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Results and Discussion of Module 3 ï Two Comparison Studies 

(Chapters 6-7) 

The comparison theme of this chapter was designed to complete two targets: firstly, to supplement the 

exploration of usage and preferences of UGS usage in China to investigate the performance of similar 

elements in different contexts of countries; secondly, to, as a continuation of the exploration of results 

from Module 1 and Module 2, conduct and compare various spatial accessibility analysis using 

different models, some of which the measurements integrated the effect of sociodemographic 

characteristics. 

Following on from this, the content of Module 3 is naturally divided into two parts: 

Chapter 6 produced evaluations on UGS accessibility with regular models, including the general buffer 

and 2SFCA model, and improved models that incorporated population characteristics into two regular 

models. Thereinto, four methods were measured with straight-linear distance and network distance, 

respectively. Eight types of analysis results for UGS accessibility were compared to examine the 

effects of different models, different distance measures, and weighting on population preferences on 

assessing UGS accessibility and to probe the adaptability of assessment methods by balancing the pros 

and cons for specific methods under different scenarios. 

Analysis data included geographic datasets introduced in 3.3.2.1, and one of the preferences elements 

- Acceptable Longest Walking Time (ALWT) data, and demographic characteristics data. Analysis 

methods adapted a series of spatial analyses and statistical analyses, for example, Service Area analysis, 

Chi-square tests and cross-tabulation, in ArcGIS and SPSS. 

Chapter 7 presents differences and similarities between China and the UK on the one hand about the 

visits to UGSs, including mode of transport, visiting duration, frequency of visiting, and distance 

travelled, on the other hand, it refers to public preferences of UGS between the two counties, including 

the type of destinations, reasons for visiting and not visiting, ease of access, satisfaction on the place 

and enjoyment of visiting.  

Analysis data contained two questionnaire survey data, filtered and redefined for reclassification of 

intervals to be compared with each other, where one was the questionnaire survey in Guangzhou, and 

another was an existing survey ï MENE by Natural UK agency. Study objects were categorised for 

the MENE survey according to the standard of Park B defined in the survey of China. As a result, 

elements of each type of visits to parks were summarised features by descriptive method and were 
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analysed usage pattern for comparison by analysis of correlations with visitor groups (e.g., 

sociodemographic groups- age and gender, frequency groups- frequent users and infrequent users, etc.). 

Chapter 6  Results and Discussion of Module 3-1 - 

Evaluation approaches comparison: Multiple accessibility 

modelling methods 

This section mainly gives insight into differences in the parkôs spatial accessibility by two models, two 

distance measurements, and an improvement of indicators for the definition of spatial proximity 

(walking distance). Having referred to the uncovered influence of transport mode on accessibility 

modelling (Xu, Xin et al., 2017), the relative equity of walking as one of the sustainable and social 

justice strategies (Leinberger & Lynch, 2016), and this case study focused on a single model of 

transportation, walking.  

Results and discussion were divided into three main parts. The first two demonstrated the results of 

eight accessibility analyses constructed from these models and distance measures for the spatial 

accessibility of parks in Guangzhou. The third sub-section presented comparisons between these 

accessibilities, exploring the differences and pros and cons of using different approaches in different 

contexts. It concluded with a summary of the main findings from this sub-study. 

Some work related to this chapter reused the authorôs published article (Ma, Bindley & Lange, 2022b) 

with paraphrasing. 

6.1 Existing Modelling Methods 

The regular modelling here refers to two typical methods for accessibility assessment, container and 

gravity-based model, taking buffer analysis and 2SFCA model for realising them respectively. These 

modelling methods have been elaborated in 2.3.2 of the Literature Review. For each of them, the 

straight-linear distance (SLD) and the network distance (ND) were adopted in its evaluation process, 

which produced four types of accessibility assessing results. In total, there were eight types of 

modelling approaches for assessing park accessibility, whose details are listed in Table 6-1. They were 

separately illustrated in the following two paragraphs according to the different distance measures used. 
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Table 6-1 Four types of accessibility modelling methods with two kinds of distance measure. 

Distance 

measurement 

Model 

General Buffer (GB) Preference-weighted 

Buffer (PWB) 

Mean Two-Step Floating 

Catchment Area (M2FCA)  

Preference-weighted Two-Step 

Floating Catchment Area 

(PW2SFCA) 

Straight-linear 

distance (SLD) 

Straight-linear distance 

buffers; none-weighted 

walking time 

Straight-linear distance 

buffers; none-weighted 

walking time 

Straight-linear distance 

2SFCA; none-weighted 

walking time 

Straight-linear distance 2SFCA; 

preference-weighted walking 

time 

Network 

distance (ND) 

Network distance 

buffer; none-weighted 

walking time 

Network distance buffer; 

preference-weighted 

walking time 

Network distance 2SFCA; 

none-preference weighted 

walking time 

Network distance 2SFCA; 

preference-weighted walking 

time 

There were several primary analysis outputs: 1) Distributions of accessibilities calculated by eight 

approaches were illustrated by pie charts, as shown in Figures 6-1, 3, 5, 7, 9, 11, 13, & 15 (a); 2) 

Proportions of accessibility levels in each district were presented in per cent bar charts, see Figure 6-

1, 3, 5, 7, 9, 11, 13, & 15 (b); 3) Maps of eight accessibilities were displayed in Figure 6-1, 3, 5, 7, 9, 

11, 13, & 15 (c) and compared in Figure 6-17; 4) Correlation analysis results on spatial dependence 

relationship of eight accessibilities were included in Figure 2, 8, 6, 8, 10, 12, 14 & 16 (a), and its spatial 

dependence was depicted in Figure 2, 8, 6, 8, 10, 12, 14 & 16 (b); 5). Proportions of each park 

accessibility level calculated by eight approaches in districts were summarised in Appendix 14; 6) 

Mean values of accessibility in each district by eight modelling approaches were offered in the table 

(see Appendix 15 for detail). Key outputs (1,3&4) have been also collated in tables by side-by-side 

formation (see Appendix 37 for detail). 

6.1.1 Modelling Accessibility using a Straight-linear Distance: by GB [Model 1a], M2SFCA 

[Model 2a] 

Both GB accessibility and M2SFCA accessibility were calculated by the per capita occupancy value 

of park areas that can be shared by residential areas within a predefined walking distance. The walking 

distance was set at 19.4-minute walking distance, 2,160 meters, using the approximate moderate 

walking space of 9 minutes per kilometre that is defined by the British Heart Foundation. This 

configuring was determined by an average value of the acceptable longest walking time obtained from 

the field surveyôs questionnaires (see annotation for Questions 34 & 35 in Table A6-1 in Appendix 6 

and the questionnaire in Appendix 5). 

The levels of accessibility to parks that were modelled by GB analysis with Straight-Linear Distance 

(SLD) indicated that people over 40 per cent of streets in Guangzhou have good access to parks on 

foot (Figure 6-1 (a)). When calculating mean accessibility, the worst overall accessibility was found in 

Zengcheng District (GB-SLD accessibility mean of 2.36, see Appendix 15 for details). Yuexiu and 

Haizhu districts were identified as the highest accessibility level regions (mean of 4.22), as there was 

no street at poor or very poor GB-SLD accessibility levels here. 
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In terms of its regional distribution by district, as shown in Figure 6-1 (b), Nansha District had the 

most óVery Poor Accessibilityô (around 44%) and the least óGood Accessibilityô (around 11%) streets. 

In contrast, Panyu District accounted for the highest proportion of streets with óVery Good 

Accessibilityô (50%), 2.5 times higher than the average. It means a high proportion of streets with very 

good access to parks but an ordinary mean level there, which can partially relate to a finding (Yang, 

Yang & Zhou, 2022) that the apparent inequity of residential access to UGS existed in Panyu District. 

The overall spatial distribution of GB-SLD accessibility levels (Figure 6-1 (c)) discovered more areas 

with óVery Poorô park accessibility on the urban fringe, two streets in the urban area (Huangpu and 

Baiyun Districts) located at central western and eastern edges respectively. 

 

 

(a) Levels of accessibility assessed by GB-SLD 

 
(b) Percent of accessibilityôs levels by GB-SLD in districts (c) Spatial distribution of accessibilityôs levels evaluated 

by GB-SLD 

Figure 6-1 Distribution of the accessibilityôs levels by GB-SLD (a), its statistics by districts (b), and the spatial distributions 

across twinships (c). 
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Spatial autocorrelation analysis was used for investigating spatial interdependence (clustering). As 

shown in Figure 6-2 (a), it verified that the distribution of GB-SLD accessibility in Guangzhouôs parks 

exhibited a significant spatial clustering across blocks (z-score > 2.58, p-value < 0.001). The specific 

clustering pattern was illustrated in Figure 6-2 (b), where the vast majority of areas were not spatially 

autocorrelated (off-white blocks). The main clustering pattern in the central city was óHigh-Highô, 

representing areas with high accessibility levels surrounded by areas with equally high accessibility. 

Two other blocks in Tianhe and Huangpu districts (bright blue blocks) displayed a óLow-Highô 

clustering. This signified that these two blocks could be distinctly vulnerable in park accessibility 

characteristics compared to neighbouring ones. Type of clusters in the suburbs consisted of two types, 

óLow-Highô and óLow-Lowô, highlighting the limited nature of very good accessibility areas and the 

prevalence of poor accessibility areas here. Combined with Figure 6-1 above, it could reflect the 

overall poor UGS accessibility by GB-SLD in the suburbs. In Zengcheng District, Wenquan Town and 

Licheng Street possessed good access to parks uniquely. Meanwhile, the five blocks adjacent to 

Licheng Street, with the exception of Dongjiang Street on the east side, exhibited poor GB-SLD 

accessibility, showing óLow-Lowô clustering. The other two óLow-Lowô clusters outside the main 

urban area belonged to Conghua District, with Huadu District adjacent to its western side and Baiyun 

District bordering its southern side both having better park accessibility. Overall, it implicates a need 

for improving UGS accessibility in Conghua District. 
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(a) Spatial autocorrelation of the accessibility 

assessed GB-SLD 

(b) Spatial clusters of GB-SLD accessibility 

Figure 6-2 The Global Moranôs I statistic on park accessibility evaluated by GB-SLD (a) and its clusters across Guangzhou 

(b) 

The second approach (M2SFCA-SLD), as explained above, used the 2SFCA model, a linear distance 

measure and an average of the maximum acceptable walking time based on public perception. 

M2SFCA-SLD accessibility values, after the same classification process, revealed a relatively high 

proportion of areas in good park accessibility (around 40%), compared to poor accessibility (around 

30%) (Figure 6-3 (a)). However, this outnumber was overall smaller than the ones assessed by GB-

SLD, suggesting more high accessibility regions (23% more) calculated by GB-SLD. 

Specifically for each district (Figure 6-3 (b)), Nansha District had the highest proportion of areas with 

very poor accessibility (44%), more than 32% above the average. In addition, Conghua, Liwan and 

Yuexiu districts did not contain any streets with óVery Goodô park accessibility. Of them, M2SFCA-

SLD was outstandingly different from GB-SLD when being used for accessibility measurement in 

Yuexiu District. The only difference between buffer and M2SFCA is whether it considers potential 
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crowdedness in supplies, which accordingly inferred a significant difference between the 2SFCA and 

GB model for measuring a region with a smaller area of parks or dense population. 

Unlike the discrete spatial pattern of GB-SLD accessibility, M2SFCA-SLD showed a sign of spatial 

heterogeneity. As shown in Figure 6-3 (c), the level of park accessibility lay in a very poor state in 

most of the north-eastern part of the city. Second, most streets in the western and south-western parts 

of the centre urban area displayed accessibility below medium (óGeneralô). 

 

 

(a) Levels of accessibility assessed by M2SFCA-SLD 

 
(b) Percent of accessibilityôs levels by M2SFCA-SLD in 

districts 

(c) Spatial distribution of accessibilityôs levels 
evaluated by M2SFCA-SLD 

Figure 6-3 Distribution of the accessibilityôs levels by M2SFCA-SLD (a) and its statistics by districts (b), and the spatial 

distributions across twinships (c). 

When investigating its spatial dependence, Global Moranôs I statistic proved a spatial clustering of the 

accessibility levels (M2SFCA-SLD) across streets (p-value < 0.01, z-score = 2.89) (Figure 6-4 (a)). 

Figure 6-4 (b) displayed these clusters in detail, compared with GB-SLD, much more óHigh-High 

Clusterô areas appeared in the centre. They nearly outright consisted of the whole Tianhe District and 

more than half of Baiyun and Haizhu Districts, and a few of the western Huangpu Districts, all of them 
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belonging to the central city. The streets of the óLow-High Clusterô were primarily adjacent to these 

óHigh-Highô patches in the central city area. In addition, less óLow-Low Clusterô area was detected for 

M2SFCA-SLD accessibility. 

 

 
(a) Spatial autocorrelation of the 
accessibility assessed by M2SFCA with 

the SLD 

(b) Spatial clusters of M2SFCA accessibility with the SLD. 

Figure 6-4 The Global Moranôs I statistic on park accessibility evaluated by M2SFCA-SLD (a) and its clusters across 

Guangzhou (b) 

6.1.2 Modelling Accessibility using a Network Distance: by GB [Model 1b], M2SFCA 

[Model 2b] 

To improve the closeness to the reality of distance measures in the accessibility modelling process, this 

module then introduced Network Distance (ND) into the accessibility assessment. On the basis of two 

principal models used and discussed above (6.1.1), this sub-section adopted network analysis, replaced 

with Straight Linear Distance (SLD), to construct a park accessibility model. In this way, the service 
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area in the accessibility analysis is based on the length of the road network to measure the spatial 

proximity in the model. As a result, with this distance measure, there were two types of accessibility 

produced. 

First, as for park accessibility in Guangzhou, assessed by GB-ND, the overall level consisted of a 

generally even distribution in groups of óGeneral Accessibilityô and óGood Accessibilityô taking up 

around 30% out of the whole (Figure 6-5 (a)). In terms of the regions at low levels of park accessibility, 

most of them were in óVery Poor Accessibilityô (20% out of all), twice than those in óPoor Accessibilityô 

(10% out of all). 

Similar to GB-SLD, the lowest mean GB-ND accessibility value was also found in Zengcheng District, 

with a lower value of 1.91 (compared to its GB-SLD one, 2.36). In addition, Haizhu district was, as 

well as GB-SLD calculated, demonstrated with the best park accessibility (the average of 3.83, a bit 

lower than its GB-SLD mean accessibility value of 4.22). A hint of overestimation by SLD than ND 

has begun to manifest. 

Specific to the proportion of GB-ND accessibility across districts, Figure 6-5 (b) revealed Zengcheng 

as the district with most of the streets (over 60%) in óVery Poor Accessibilityô levels. In comparison, 

Haizhu district embraced no street of low accessibility (including both óVery Poor Accessibilityô and 

óPoor Accessibilityô), and most of the streets (about 61%) at óGood Accessibilityô level. However, as 

for óVery Good Accessibilityô, instead, Panyu district contained more ones, with 25% of regions having 

very good access to parks. States of accessibility presented by GB-ND above, for Zengcheng, Haizhu 

and Panyu districts, were about equal to ones by GB-SLD in relative relations yet a few higher in 

absolute value, strengthening the conjecture of overestimation for GB accessibility by SLD than ND. 

Spatial distribution of the GB-ND park accessibility (in Figure 6-5 (c)) presented that óVery Poor 

Accessibilityô levels covered lots of Middle Eastern areas and a few Western areas. Combined with 

Figure 6-5 (b) it can be seen that most of them came from non-central urban areas, which tended to 

connect into patches spreading into parts of the central city, such as the western part of Baiyun District 

and the northern part of Huangpu District. In addition, Guangzhouôs level of park accessibility (GB-

ND) appeared to have a better performance along the cityôs north-south axis, in both the central and 

non-central urban areas. 
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(a) Levels of accessibility assessed by GB-ND 

 
(b) Percent of accessibilityôs levels by GB-ND in districts (c) Spatial distribution of accessibilityôs levels evaluated 

by GB-ND 

Figure 6-5 Distribution of the accessibilityôs levels by GB-ND (a) and its statistics by districts (b), and the spatial 

distributions across twinships (c). 

To examine whether there was spatial clustering of GB-ND park accessibility or not, it took spatial 

autocorrelation analysis as well. The result in Figure 6-6 (a) confirmed the spatial cluster (p < 0.001, 

z-score > 2.58). As depicted in Figure 6-6 (b), major óLow-Low Clusterô regions gathered in the east 

and the west of Guangzhou, most of which were from Zengcheng District and the others were found 

in Huadu, Baiyun and Liwan districts. óHigh-Highô clusters crossed the streets of the central city 

(mainly involving the southern part of Baiyun District, the eastern half of Yuexiu District, the south-

western part of Tianhe District and the central part of Haizhu District). Another small part was in the 

suburbs, located within Panyu District, on the border with Haizhu District. This indicated that central 

urban areas were largely at a good level of park accessibility (GB-ND), except for the adjacent streets 

around Caihong Street of Liwan district, which exhibited poor park accessibility (see Figure 6-6 (c) 

above), making it in a óHigh-Low Outlierô status. 




































































































































































































































