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ABSTRACT 

 

The purpose of this research is to gain a better understanding of the accessibility and equity 

levels of green infrastructure. Previous studies of green infrastructure, which have focused on 

stormwater management, habitat protection and ecological system conservation, do not provide a 

full understanding of the social functions in considering the quality of facilities and provision of 

green infrastructure elements. By analysing the quality and distribution of green infrastructure, this 

research tested green infrastructure accessibility and accessibility-based equity levels and 

suggested ways to improve green infrastructure access. 

 

To achieve the research goals, this research employed Network Analysis Tool from Geographic 

Information Systems (GIS) to measure green infrastructure accessibility. A total number of 338 

green infrastructure elements in central Auckland have been selected and used in this research. 

These 338 green infrastructure (GI) elements include Public Garden (area<2,000 square metres), 

Neighbourhood GI (area from 2,000 to 15,000 square metres), Sports and Recreation GI (area from 

15,000 to 30,000 square metres), and Natural GI (area>30,000 square metres), taking New Zealand 

Recreation Association (NZRA) as a reference. In terms of quality, 338 green infrastructure 

elements have been classified as ‘no facility’, ‘active facility’, ‘passive facility’, and ‘active and 

passive facility’. The research then evaluated the accessible levels of green infrastructure to 

residents within three specified walking distances (400 metres, which is 5 minutes’ walk, 800 

metres, which is 10 minutes’ walk, and 1,200 metres, which is 15 minutes’ walk), based on 

Accessible Natural Greenspace Standards (ANGSt), considering the facility conditions. By using 

the data of the best accessibility level (400 metres), the equity levels were tested in combination 

with New Zealand 2013 Census data, including age groups, ethnic groups, and income groups.  
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Through the analysis, the research found that 338 green infrastructure elements almost cover all 

of the study area within 15 minutes’ walking distance. This is due to the fact that Auckland has a 

large amount of green infrastructure. The best areas to get access to green infrastructure in five 

minutes’ walk are the Western and Middle areas, then the Southern area. The CBD and the Eastern 

area are the poorest areas for accessible green infrastructure. In regard to the facilities inside green 

infrastructure, almost half of Neighbourhood GI has no facilities. The Eastern, the Southern and 

the Western areas are also the places without efficient facilities, which need to be considered for 

further improvement. The results of equity analysis show that low-income groups live with low 

quality green infrastructure. However, some high-income Europeans also live with insufficient 

green infrastructure in the Western area.  

 

Based on these findings, this research made conclusions about the analysis and the 

recommendations to enhance the physical accessibility of green infrastructure; such as installing 

suitable amenities according to green infrastructure size, building more pedestrian crossings and 

green networks, and developing the maintenance work of green infrastructure. 
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Chapter 1 Introduction 

1.1 Background 

 

Since the term ‘liveable cities’ was first used to describe quality of life and the characteristics 

of cities back in the 1980s, every city wants to be considered the ‘most liveable’ for attracting 

investment, boosting local economies, and fostering community involvement. Liveability has been 

seen as the day-to-day issues that influence people’s quality of life at a local level. It is about the 

quality of the local environment and is linked closely to people’s perception of their living 

conditions. Everyone is affected, from the elderly to the young, from the wealthiest to the poorest.  

 

According to the United Nations, the number of urban dwellers is expected to surpass 6 billion 

by 2050 (Figure 1). Just as growing cities need to upgrade and expand their built infrastructure of 

Figure 1 Population growth and urban sprawl 
Data source: drawn from World Urbanization Prospects, the 2011 revision (Heilij, 2012) 
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roads, sewers, and utilities, they also need to upgrade and expand their green infrastructure, the 

interconnected system of green spaces, that provides a wide array of benefits to people and wildlife, 

in conserving natural ecosystem values, sustaining clear air and water, and encouraging healthy 

lifestyles. 

 

According to Pacione (2003) and Marans (2003), achieving these liveability goals includes 

satisfaction with work, relations, community, neighbourhoods, and access to open spaces. It refers 

to “individual activities and satisfaction, for example, the perception of quality of life, that are 

closely related to environmental, ecological and urban amenities, such as natural green areas, the 

overall quality of ambient environment, and the presence of other man-made recreational and 

cultural resources” (Lopes & Camanho, 2013, p. 753). Among these types of public and open urban 

areas, the ones providing a greater number of benefits to their users are the ones integrated in the 

city’s green structure, i.e., parks and gardens, which are important elements of green infrastructure 

(Lopes & Camanho, 2013). The focus of this research concerns the role of green infrastructure, 

that is taken to mean the set of publicly owned parks, reserves, domains etc. 

 

By planning and managing urban parks as parts of an interconnected green space system, green 

infrastructure offers functions, such as stormwater management, climate adaptation, heat stress 

reduction, increasing biodiversity, food production, sustainable energy production, clean water and 

healthy soils, as well as the more anthropocentric functions, such as increased quality of life 

through recreation and civic engagement (Gómez-Baggethun & Barton, 2012). Another value of 

green infrastructure is that it can “enhance city aesthetics, help shape urban form, and provide 

shade and shelter in and around towns and cities” (APA, 2002, p. 3).  
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Studies of green infrastructure have been made to 

improve urban liveability by many researchers. 

Figure 2 shows a frequently used graphic summary 

from Barton and Grant’s Settlement Health Map 

(2006), of the ways in which health and wellbeing 

are strongly influenced by the characteristics and 

quality of the places where people live and work. 

Another Foresight report (2010, p. 81) highlighted 

that “two-thirds think it is important to have green 

space nearby and the majority think parks and public 

spaces improve quality of life”. Access to nature and attractive green spaces has been a recurring 

theme in descriptions of therapeutic environments and healthy lifestyles. Ward-Thompson (2011, 

p. 187) illustrates the links between health and the physical environment and concludes “the 

importance of access to the landscape appears to be as relevant as ever in the context of modern 

urban lifestyles”.  

 

This research contributes to knowledge of the subject by strengthening and explaining the role 

green infrastructure plays in social functions (aesthetic, recreational, and healthy value) to citizens, 

without ignoring its environmental functions (water management, air purification, climate 

mitigation, energy saving, etc.) and ecological functions (increasing biodiversity). The 

environmental, ecological and social functions differentiate green infrastructure from public green 

space and open space, as green infrastructure is a community necessity. It is the focus of research 

concerning ‘green’ and ‘blue’ spaces which are publicly owned and publicly accessible 

(Williamson, 2003), have natural characters and include planned places with amenities. They 

Figure 2 The health map (Barton and Grant,
2006) 
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include parks and public gardens, green corridors, local natural reserves, urban wetland areas and 

beaches, with amenities such as playgrounds, exercise equipment, social gathering sites, 

bathrooms, refreshment kiosks and cooking equipment. Such spaces in cities also have the potential 

to reduce greenhouse gas emissions and offer active transportation choices, such as cycling and 

walking paths, and provide opportunities for recreational and physical activities that have health 

benefits. 

 

When examining whether green infrastructure delivers social benefits, Haq (2011) found that 

the functionality of green infrastructure is influenced by location and distribution (or accessibility) 

in the whole city. Improving physical access to green infrastructure consequently provides means 

for improving equity within urban areas (UNPF, 2007), and thus enhancing urban ‘liveability’. 

This links environmental considerations, concerning physical activity and health, related to 

accessibility and this accessibility in turn is directly influenced by how recreation areas and 

facilities are provided and managed (Neuvonen et al., 2007). The most typical close-to-home 

activity is walking for pleasure or fitness, while other popular activities are cycling, jogging, dog 

walking and outings with children and use by children on their own. The number of green areas in 

the vicinity of an urban resident’s housing and its proximity (distance) was found to be related to 

the number of close-to-home outings (Neuvonen et al., 2007). Good provision of green 

infrastructure means more opportunities for social activity and physical exercise, which promote 

an active lifestyle, and as a consequence, promote liveability.  

 

Cities that are perceived as places where one could have a better life because of better 

opportunities, higher salaries, better services and better lifestyles provide clean, safe and attractive 

public space for people of all ages and backgrounds. Greater consideration needs to be given to 
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ensuring that our towns and cities have the opportunities for healthy lifestyles. The primary one, in 

the context of this research, is to focus on improving the health and wellbeing of people in cities 

through the delivery of comprehensive, multifunctional green infrastructure. They should be 

located close to residential areas and provide high quality, safe, comfortable and year-round access 

for daily outings (Neuvonen et al., 2007).  

 

This research challenges the conventional views that more green infrastructure in cities results 

in better accessibility. It questions in depth the quality of each green infrastructure element and 

how many people can access them. Hence, the main question that this research addresses is:  

 

 How equal is walking access to well-equipped green infrastructure elements for 

different demographic and social-economic groups in central Auckland? 

 

In order to answer the main research question, this study investigates Auckland city, focusing 

on the distribution of green infrastructure and their facilities in the central city area as the case 

study, due to its large number of green infrastructure elements. Leaving aside the issue of the 

ecological functions of green infrastructure, the purpose of this study is to test the accessibility-

based equity of green infrastructure elements in central Auckland. The results are critical in 

understanding the provision of green infrastructure and are useful as a reference for delivering 

liveability, by improving the facilities and access levels of green infrastructure. 

 

1.2 Case study in Auckland 
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When easily reachable, the role of green infrastructure in the quality of urban life is recognised. 

In light of this, this research will examine the existence of the provision of social recreation 

opportunities in a case study city (Auckland city). As New Zealand’s largest city and home to 

around a third of the population (1.5 million in Auckland city), Auckland’s success in improving 

people’s quality of life is critical to the well-being of all New Zealanders. The Auckland Plan, 

which is a comprehensive plan to “deliver the widely-shared vision of being the world’s most 

liveable city for all of Auckland and all its people, encourages access to more opportunities for 

recreation, cultural, and leisure activities” (Council, 2012a, p. 36). This plan ensures that ‘the 

natural, marine and built environments are responsibly managed, so that citizens will be able to 

live near the coast and other attractive green and blue edges, within existing neighbourhoods and 

enjoy them in the future’ (Council, 2012a, p. 40).  

 

Apart from providing an understanding of the impact that densification will have on the equity 

of access to green infrastructure, this research will provide a green infrastructure reference for the 

Auckland Plan. Knowing the locations and characteristics of green infrastructure also helps 

planners and policy makers have an accurate view of the provision of green infrastructure, 

understand whether this provision is equitable, determine where to locate a new green infrastructure 

element such as public park or reserve, where to improve the facility quality, what amenities to 

select and what programmes to offer for social activity. Therefore, the results will show the degree 

of accessibility to green infrastructure in Auckland city and will examine whether they are 

equitably distributed. The findings of this research have the potential to provide valuable data and 

understanding to address these issues.  
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1.3 Research Goals 

 

In summary, the research goals are: 

 

1) Contribute to knowledge on green infrastructure in terms of accessibility and equity to critical 

social services. Green infrastructure (GI) has been addressed in many studies, referring to its 

environmental and ecological functions of stormwater management, flood control, climate change 

adaptation and biodiversity increase. Definitions of GI that refer to improving quality of life with 

better accessibility and equity are rare. This research aims to address the social function of GI 

elements, rather than their environmental and ecological functions, in consideration of providing 

support to deliver a wide range of benefits for society, the environment and the economy. Equal 

access to GI in urban areas for GI users is essential to achieve the health and quality of life of 

sustainable communities.  

 

2) Create a GIS-based (Geographic Information System) measurement for accessibility measure 

for green infrastructure elements in the case study area. Accessibility measure has been made in 

many different methods in previous studies with both advantages and disadvantages. It is essential 

to make a sophisticated review of the frequently used methods, before conducting the 

measurement. According to the research aim of testing the accessibility levels of different types 

and quality of green infrastructure, this research applies GIS-based network analysis tool to use the 

census block data and true road networks for walking.  

 

3) Conduct accessibility-based equity analysis. Equity and its measurement are different, due to 

various study contexts and purposes. In terms of urban studies in this research, equity measure 
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connects with the question of equal distribution and access of green infrastructure (one important 

aspect of public facilities). This question is answered and analysed in equity analysis with 14 

different variables in the case study area (central Auckland, New Zealand).  

 

4) Develop a prioritised list of suggestions for potential green infrastructure elements 

improvement to improve both their quality and physical accessibility in the case study area (central 

Auckland, New Zealand). 

 

1.4 Structure of Subsequent Chapters 

 

The structure of this research consists of six chapters, displayed in Figure 3. The main research 

question has been addressed in Chapter 1 with the introduction of the background. Chapter 2 is one 

part of a literature review, that includes an introduction to the concepts of liveability, equity and 

accessibility. It addresses the relationship between these concepts and answering the sub-research 

questions related to the literature. Chapter 3 is another part of the literature review of green 

infrastructure in the context of this research. It illustrates the concepts of green infrastructure and 

liveability-related issues and answers the question of why equal access to high quality green 

infrastructure delivers liveability. Chapter 4 presents details of the methodology that is used to 

investigate the categories of green infrastructure, defines the scope of the study, illustrates the pilot 

study, which is useful to test the feasibility of the research before implementing the method on the 

entire case study area and describes data sets that are primarily used in this study. Chapter 5 

provides the findings both from the measurement of accessibility and from the analysis of 

accessibility-based equity of green infrastructure elements in the case study area. Chapter 6 
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summarises the research findings and presents the implications. The contributions, limitations, and 

future research directions are also outlined in this chapter.   
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Chapter 2 Urban Liveability and the Relevant Concepts  

“The state comes into existence, originating in the bare needs of life, and continuing in existence 

for the sake of a good life.” 

(Aristotle’s Politics Part II from Johnson, 1990) 

 

This chapter reports on literature relevant to the idea of urban liveability and its key issues and 

provides a conceptual framework to show the interconnectedness of various concepts important for 

this study. It looks at the concept of liveability, social equity and accessibility. Thus, this chapter 

is looking for answers to the following questions:  

 

 How is the concept of liveability defined in terms of improving people’s quality of life 

experiences? 

 How is accessibility-based social equity associated with delivering urban liveability? 

 What are the main aspects for assessing accessibility to green infrastructure?  

 

2.1 Urban Liveability 

 

More than half of the world’s population now lives in cities and this proportion will continue to 

increase over the 21st century. For this reason, ensuring that cities continue to deliver social benefits 

is crucial to their sustainability and the well-being of citizens. Liveability or quality of life seems 

more and more vital for those who live in cities. There has been general agreement on the topic of 

providing liveable cities. The goal of the project of the second U.N. Human Settlements 

Programme (1996) is to “encourage initiatives aimed at improving the quality of life and to promote 
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the exercise of citizenship in an urban environment”. In general, urban liveability refers to the more 

or less ‘good’ or ‘satisfactory’ character of people’s lives (Szalai, 1980). Liveable cities are the 

places with better living spaces, social environment, and high efficiency in a clean ecologic and 

natural environment (Hillsdon et al., 2006). This section introduces and defines the concept of 

urban liveability.  

 

2.1.1 The concept of urban liveability 

 

An early origin of the idea of urban ‘liveability’ goes back to Jacob’s “The Death and Life of 

Great American Cities”, appealing to establish more liveable cities (Jacobs, 1961). She believed 

good cities encourage social interaction. They favour walking, biking and public transport over 

cars. The newsstands and pocket parks should allow people from different income, ethnic, and 

racial groups to live in close proximity at street level (Jacobs, 1961). Her ideas had a profound 

influence on city planning in Canada soon after she moved to Toronto. Peter Dreier (2016) stated 

that “it is difficult to know how much of Canada’s success in creating more humane cities is due 

to Jacobs’ influence, but many Canadian politicians, planners and advocates give her credit”.  

 

David Smith (1974), one of the researchers who has been influenced by Jacob’s idea after World 

War Two, defined the concept of liveability as “liveable in public health, liveable in a comfortable 

and beautiful living environment, and liveable in historical architecture and a natural environment”. 

During this time period, concepts of liveability started to focus on living environment and the 

aspects influenced by the community. Urban design, sociology, ecology, geology, and social 

behaviour all contributed to establish the concept framework.  
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According to Lennard (1987), the three aspects that affected the understanding of liveability 

concept in terms of living environment were: the natural environment; the relationship between 

neighbourhoods (including social contact, education level, types of employment, level of income 

etc.), and the community location. To summarise these liveability concepts, Douglass (2002) 

defined liveability as a way of living concerned with the environment and human well-being. To 

be much clearer, he addressed the concept that liveability took fresh air, adequate clean water, 

ability for dealing with the garbage, less poverty and improved employment as one part; and equal 

access to educational and health care infrastructure, equal access to public open green space, and 

social connection as another part to increase the satisfactory level of liveability from the subjective 

evaluation of citizens (Douglass, 2002). When talking about equal access to services, Evans (2002) 

also emphasised that liveability meant that working, recreational areas and infrastructure that 

provided healthy lifestyle should be easily accessed from living communities.  

 

Each of these concepts leads to different areas of research on liveability with respect to different 

study contexts (Aklanoğlu & Erdoğan, 2012), such as improving transportation (Spinney et al., 

2009), concerning environmental issues (Keles, 2012), human physical activity and increasing 

accessibility to public open space (Nasution & Zahrah, 2012). In Vancouver’s urban design 

programme, fairness, dignity, accessibility, amenity, participation and right of authority form the 

materials of building liveable cities (Palej, 2000). These elements are systematically being used 

when researchers try to give content to the concepts of liveability. Among these elements, fairness 

(equity) has been discussed frequently and refers to equitable access to green space, basic service 

infrastructure, citizens’ mobility and the participation in decision-making processes (Palej, 2000).  
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The liveability concept in this research is influenced by Jacob’s idea of liveable cities. Agreeing 

with Lennard and Douglass, this research believes that the natural environment is of great 

importance in achieving liveable cities. By combining the ideas from Douglass and Evans, equal 

access to green space means access to fresh air, services, and physical activity. In light of this, this 

research praises Evans and Palej’s perspective of equal access to green space, one type of service 

infrastructure that is in close-to-home distance, as one of the most important contents of liveability. 

It is necessary to conclude the main elements from the above concepts of liveability for a better 

understanding of the issue of equity that this research aims to cover in depth. 

 

2.1.2 Key elements used in liveability concepts 

 

The key elements that are frequently discussed about liveability addressed in this research are 

summarised according to liveability concepts. The reason for summarising the key elements from 

these concepts is that it helps make the questions, concerns and study aspects that previous research 

proposed clear. By knowing the liveability-related issues from previous studies, the elements that 

have the closest relationship to improve liveability will be selected for further discussion.  

 

The pursuit of living in better conditions is addressed in different ways. With the development 

of economic and social conditions, the demand for being liveable upgraded from access to 

environment (both natural and social) to equal access to public amenities (Nasution & Zahrah, 

2012; Palej, 2000). Equal accessibility to public social amenities affects the decisions about where 

people choose to live, as it brings educational and healthcare opportunities, fresh air, aesthetic 

pleasure and good appearance, as well as how to improve the equity of those public amenities 

(Douglass 2002). Research on the fairness of access to convenient and healthy infrastructure 
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(schools, hospitals, restaurants, gyms and green spaces) is basic for this need. For citizens, good 

living areas mean they can easily access recreational centres, public open space and the 

infrastructure that provides a healthy lifestyle (Palej, 2000; Evans, 2002). High quality of life stands 

for convenience to the destinations, fairness of access to green space, less energy consumption and 

less time spent to reach the services (Palej, 2000). This research takes equal access to public 

services such as green infrastructure as the most frequently discussed issue, as it has been addressed 

in most of liveability-related research, which must be taken into greater account for further study. 

Table 1 clearly illustrates that in all the elements included in improving liveability, equal access to 

services and amenities has been recognised as a vital part in achieving liveable cities. The following 

section will further discuss this important element to answer how accessibility-based social equity 

is associated with delivering urban liveability. 

 

Table 1 The key elements of liveability 

References Key elements 
David Comfortable, convenient, beautiful 

Lennard Natural environment, neighbourhoods’ relationships, community location 
Douglass Environment (fresh air, adequate clean water, ability to deal with garbage, less 

poverty, improved employment), and 
Human well-being (access to educational and health care infrastructure, access 
to public open space, social connection) 

Evans Easy access to working and recreational areas, infrastructure, green space 
Spinney Improving transportation 

Keles Environmental issues and human physical activity 
Nasution & 

Zahrah 
Increasing accessibility to public open space, environmental issues 

Palej Fairness, dignity, accessibility, amenity, participation and right of authority  
Palej Fairness of access to green space, basic service infrastructure, citizen mobility 

and participation in decision making 
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2.2 Social Equity  

 

Definitions of liveability itself are not that interesting, but their implications and consensus 

concerns, in terms of underlying theories and hypotheses, are extremely important for discussion 

about relevant issues, indicators, and causality. Equity, as one of underlying theories and elements 

of liveability, plays the vital role in answering the main research question of “How equal is walking 

access to well-equipped green infrastructure elements for different demographic and social-

economic groups in central Auckland?” 

 

In common usage, equity is the quality of being equal or fair. It refers to the fairness or justice 

of a situation or distribution (Smith, 1986). For some, social equity is just equal access to basic 

public facilities, measured in distance (Smith, 1994; Talen & Anselin, 1998; Kinman, 1999; 

Ogryczak, 2000), such as accessibility to school, health facilities or cultural events. For others 

(Karner & Niemeier, 2013; Krumholz, 1982; Litman, 2015), it includes a choice of jobs and a 

choice of accessible educational institutions.  

 

In terms of urban geography, equity is the study of understanding spatial variations of urban 

facilities and the reasonability of distribution of urban resources. As Harvey (1973) said “Inequity 

refers to the policy and system discrimination to certain groups in public facility distribution, 

however, equity is hard to define”. Thus, equity is often used when dealing with problems of 

distribution of public services and public resources. The interpretation and assessment of equity 

indicated that it normally developed through four steps, which were territorial justice, locational 

equity, spatial equity and social justice, according to the development of society and people’s 

recognition over time.  
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2.2.1 Territorial Justice  

 

Bleddyn Davies (1968) coined the principle of territorial justice in 1960s. He believed that 

public resources should be equally divided according to geographic space. With the establishment 

of a progressed social welfare system, equity issue took equal division as its critical target. Spatial 

equality, which was a relatively similar principle of territorial justice, also referred to the idea of 

equal division. It said that citizens should have the same amount of public services regardless of 

their territories (Lineberry, 1977; Rich, 1979). Both special equality and territorial justice 

considered the issue of whether the public service is equal in terms of larger spatial units and 

without considering the spatial distribution of public facilities. 

 

2.2.2 Locational Equity  

 

From the early 1970s to the 1980s, urban geographers started to focus their studies on the issue 

of ‘Who gets what and where?’ Equity in this body of work meant that the allocation of public 

resources was equal in quality, quantity, types and location. Wicks and Crompton (1986) brought 

three principles to define locational equity. These principles required every citizen the same 

opportunity for public services without sacrificing service efficiency at the minimum level (Wicks 

& Crompton, 1986). At the same time, the assessment standards of equity were set in Lucy’s (1981) 

five conceptions0F

1 of equity of public facilities (equality, need, demand, preference and willingness 

to pay). Lucy (1981) also said that proper distance limitation should be considered for distribution 

of public services, as it was impossible to achieve strict and complete distance equity. From the 

                                                 
1 Lucy (1981, p. 448-451) defines five alternative conceptions of equity: as equal services; as services equal to needs; 
as services equal to demand; as services equal to preferences; as services related to willingness to pay. 
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above, the core idea of locational equity was still similar to equal division, but with progress of 

minimum requirement and the thought of public service efficiency. 

 

2.2.3 Spatial Equity 

 

In the 1990s, studies of equity of public open space took spatial equity as the main consideration. 

Spatial equity at this time referred to the space separation and space proximity of public facilities 

using GIS-based techniques to calculate accessibility indices to express the distance or costs from 

citizens to facilities (Smith, 1994). The studies included education facilities, high school, healthcare 

and day-care facilities (Knox, 1978; Martin & Williams, 1992; Pacione, 1989; Truelove, 1993). 

These studies made progress compared with previous research in terms of the methodology and 

assessment methods. As the application of GIS-based measurement, real distances between 

geographic units and public service facilities have been quantified. It answered the question of 

‘Where the users could obtain how much service’. In addition, spatial equity was expressed 

accurately in a micro-context, because the studies took a smaller scale of units rather than bigger 

district or ward units in cities. However, the equity discussion at this stage examined only the equal 

relationship between a given area and selected social groups and the equal services for these groups, 

with a lack of consideration of differences of the space and the separation of the social groups. For 

example, if the distribution of certain social groups (such as elder people, children, low-income 

groups, and minorities) were inconsistent with the selected groups in the given geographic units, 

the demands from these social groups would be neglected.  

 

Spatial equity based on the smaller scale of administrative units covers only the inequity 

problems of selected groups. However, the problem of inequity of public services still remained 
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for certain social groups. Thus, the planning policies and management should consider the equity 

of facility users, rather than only geographic spatial equity.  

 

2.2.4 Social Equity 

 

In the early 2000s, equity-related research focused on the provision of social services that can 

meet public demand (Cho, 2003). It meant that equity and justice satisfied certain social groups 

without taking advantages from other groups. The social equity referred to equal distribution of the 

most popular public services, such as parks and schools, in different spatial units, different 

economic and ethnic groups, different political groups, as well as certain special groups (Miranda 

& Tunyavong, 1994). Evaluation of urban public facilities lies in assessing whether or not, or to 

what degree, the distribution of urban public facilities is equitable in spatial terms. 

 

From Miranda and Tunyavong (1994), the problems remaining in the distribution of public 

service were racial polarisation and inequity, especially with low income groups. In fact, studies 

have shown the features of these inequity problems as inverse ratio of public services or in other 

words, rich people’s gardens; for example, the features of public green space gathered around high-

income groups (Erkip, 1997; Omer, 2006), people with property tenure (Perkins et al., 2004), main 

stream of the society (Comber et al., 2008; Heynen et al., 2006; Talen E., 1998), and upper class 

of social-economic groups (Zhang et al., 2008). To resolve the equity issues from this point of 

view, Emily Talen (1998) suggested providing equal access to public services for both minority 

and non-minority groups, and even providing better accessibility to lower-income groups, in terms 

of spatial distribution.  
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The idea of social equity has been progressed in several ways when compared with earlier 

studies. Importantly, more recent research applies GIS-based methods for accessibility measure, 

considering the distance between citizen-based geographic units and facilities. The measurement 

was more accurate because it calculated ‘who gets how much service’, rather than ‘where the users 

could obtain how much service’ from spatial equity measure (Erkip, 1997). Furthermore, the 

assessment of accessibility considered not only its own differences, but also the differences 

between various social groups. The calculation of accessibility-based equity then further 

considered three factors, namely distance, facilities in public parks (green infrastructure in this 

research) and social-economic groups, each elaborated on below. 

 

2.2.4.1 Distance  

 

From the point of view of green infrastructure users, accessibility levels based on distance reflect 

the convenience for them to access the service. The walking distance between green infrastructure 

elements and users influences the cost that users need to pay or the time they need to spend. It also 

influences the opportunity for them to use the facility in each green infrastructure element. Thus, 

walking distance needs to be taken into account for accessibility-based social equity. This research 

is concerned only with the walking distance from people’s homes to the nearest green infrastructure 

element. Public transportation and private driving modes are excluded, because they may cause 

huge differences in comparison with walking.  

 

2.2.4.2 Facilities  
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Users have higher demand for green infrastructure with the increase of quality of life. Previous 

research was frequently concerned with the quantity of green space or green space per capita. These 

methods for assessing accessibility of green infrastructure meet the least requirement for 

understanding equal distribution and provision. To provide equal service of green infrastructure 

means to provide highly equipped facilities inside. It directly reflects the equity by offering equal 

opportunities for people to use the facility or service of green infrastructure, rather than staying 

inside with nothing else to do.  

 

2.2.4.3 Social-economic groups  

 

Different social-economic groups deserve equal public service, including equal accessibility, 

equal service quantity and quality. Thus, this research tests accessibility-based equity based on 

different ages, ethnic groups and incomes.  

 

2.2.5 Conclusion 

 

Equity study dating from the 1960s and the 1970s went through different stages, such as 

territorial justice, locational equity, spatial equity and social equity because of the development of 

society, improved knowledge of study fields, people’s recognition and modern techniques (Figure 

4). In the 21st century, equity issues focused on the idea that public facilities should be considered 

with social space, social characteristics, limitation of space, individuals’ preferences and utility 

mode. Its ideas and methods, especially measurement of accessibility, are frequently used in 
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specific cities and public facilities, such as transportation and environmental design and 

assessment.  

 

This research considered definitions of equity, used to discuss spatial and social equity derived 

from public facility distribution. The equity levels can be reflected by accessibility measurement, 

considering three factors dicussed, namely distance, facilities and social-economic groups. This 

research asks whether or not accessibility to facilities varies spatially within cities, and whether or 

not such variation is equitable. It aims to measure social services at the maximum levels to different 

social-economic groups and satisfy equity of access.  
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2.3 Accessibility  

 

According to the literature review on liveability and equity, equal access to public services such 

as schools, hospitals, and parks has been considered as an important part in achieving urban 

liveability (Michalos & Zumbo, 1999). It shows the ease with which public services can be easily 

involved with people’s social activities. Accessibility measure has been widely used to reflect 

whether the distribution of public services is equal and accessible and, therefore, is the vital 

indicator to reflect citizens’ quality of life.  

 

One of the important aspects of urban liveability relates to accessibility-based social equity and 

justice of public facility distribution. The concept of accessibility has been widely used to assess 

the distribution of public facilities to achieve the goals of equal access to as many services as 

possible for different social-economic groups. The direct illustration of accessibility levels of 

differences of public facility distribution reflects whether or not accessibility to facilities varies 

spatially within cities and whether or not such variation is equitable. With the explanation of the 

degree of accessibility, it helps with the understanding of social equity, reasonableness of provision 

and distribution of public services, and the influential mechanism.  

 

2.3.1 Concept of accessibility 

 

Accessibility refers to “the ease with which building, place or facility can be reached by people 

and/or goods and services” (Cowan & Rogers, 2005, p. 2). It first appeared in Hansen (1959, p. 73) 

as “the potential of opportunities for interaction”. It was widely used in various disciplines, such 

as urban transportation planning, geography, regional planning and architectural engineering.  
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The simplest definitions of accessibility included a measure of the effort (or ease) of overcoming 

spatial separation (Allen, Liu, & Singer, 1993), which meant the larger the spatial separation, the 

poorer the accessibility; “the ease with which any land-use activity can be reached from a location 

using a particular transport system” (Morris et al., 1979, p. 91), and “the benefits provided by a 

transportation/land-use system” (Ben-Akiva & Lerman, 1979, p. 654). Wachs and Kumagai (1973) 

believed that good accessibility meant easier access to opportunities, while Shen (1998) considered 

accessibility as the interaction between spatial points. Better accessibility meant greater interaction. 

Accessibility was applied to different objects in regard to various spatial scales. On a regional scale, 

it reflected the ease with which a certain area interacted spatially with other areas. While on an 

urban scale, accessibility was one of the indices to assess geospatial relationships between citizens 

and social-economic activities (Shen, 1998). To be more specific, Kwan et al. (2003) classified 

accessibility within an urban scale as individual accessibility and place accessibility. Individual 

accessibility reflected the ease of getting access to destinations for individuals, given the space-

time attributes of their daily activities. Place accessibility, on the other hand, pointed out the ability 

of being accessed. More recent research, no matter whether individual or place accessibility, 

conceived accessibility in objective measures.  

 

From the above literature, accessibility is not only the link between start points and end points, 

but also contains the public service infrastructure and those who use these facilities (Moseley, 

1979). Start and end points could be either from residential areas (where citizens live) or the public 

service infrastructure (schools, hospitals, parks, libraries, etc.). The features of residential groups 

(age, ethnic groups and economic conditions) decided the demand for public service infrastructure 
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in terms of their quantity, types, location and quality. These objective features of infrastructure also 

reflected its service ability and vice versa. 

 

Accessibility developed from Hansen’s interaction to Morris’s regarding the ease with which 

any land-use activity can be reached from a location. From the view of urban scale, this research 

combines Hansen’s idea and Wachs and Kumagai’s idea, stating that better accessibility means 

easier access to opportunities. To conclude all these definitions and methodological thoughts, the 

notion of accessibility is defined here as the ability of people reaching public services with certain 

transportation modes within the context of the urban scale in general.  

 

The reason for this research on accessibility is that equal access to public services easily plays 

an important role in achieving liveability, as it provides more opportunities for social interaction 

and activities. To be able to measure accessibility, it is necessary to have a clear view of what 

aspects may influence accessibility and its measurement. Rather than considering accessibility of 

all public service infrastructure such as schools, health care facilities, public libraries, post offices, 

supermarkets etc., this research takes green infrastructure as one important aspect for accessibility 

measure. 

 

2.3.2 Aspects that influence accessibility 

 

Understanding the aspects that influence accessibility of green infrastructure is helpful for 

choosing a proper method to measure accessibility levels. The most obvious one that influences 

accessibility is the impedance, also known as the barriers between green infrastructure and 

residential areas. Distances, costs or time are commonly used to express impedance. It has been 
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observed by Roovers et al. (2002) that visit frequency decreases with an increase of distance 

between the users and green infrastructure. Regulations and city policies mostly use distances as 

accessibility measure. For example, a leading non-profit organization American National 

Recreation and Park Association (NRPA) regulates urban parks’ service radius as the distance 

impedance to express accessibility levels. Time (minutes) is another common method for 

expressing accessibility and the calculation depends on the transportation modes (walk, drive, and 

public transportation such as bus, train, subway, or ferry) (Van Herzele & Wiedemann, 2003). 

Time is more efficient than distance in terms of different road levels, because of various waiting 

times to cross intersections, especially on longer journeys.  

 

Besides the physical influence of impedance, attractiveness is an indirect aspect that influences 

accessibility of green infrastructure. It was computed with nine attributes including “the presence 

of walking paths, shade, water features, irrigated lawn, lighting, sporting facilities, and birdlife; 

type of surrounding roads; and being adjacent to a beach or river” in Sugiyama and his colleagues’ 

(2010) work. Although it is believed that attractiveness influences green infrastructure usage rather 

than physical accessibility, it still affects the users’ experience of accessing. The reason is that users 

are willing to access a large, high-quality green infrastructure within walking distance of their 

homes to get sufficient amounts of walking and physical activity for health benefits (Sugiyama et 

al., 2010).  

 

According to Schroeder and Daniel (1982) and Neuvonen et al. (2007), fully equipped and 

facilitated upper level green infrastructure attracts more users from a greater distance. At the same 

time, the conditions around green infrastructure, plant organisation and management would also 

influence the users’ recognition of green infrastructure and then further influence the accessibility 
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to these facilities (Handy & Niemeier, 1997; Sugiyama et al., 2010; Van Herzele & Wiedemann, 

2003).  

 

The characteristics of the green infrastructure users are the third important aspect that influences 

accessibility. These characteristics, including users’ age, sex, ethnicity, income, education 

background and physical health, influence their demand for green infrastructure and their 

perception of distance (Comber et al., 2008; Jorgensen & Anthopoulou, 2007). For instance, Lotfi 

and Koohsari (2009) argued that people on a low income, the disabled, the elderly and children 

have the least access to services as these groups are usually unable to use cars. The demand from 

older adults and children is different from younger adults, because they perceive higher spatial 

separation from home to other public services, even with the same spatial distances (Breuste, 2004).  

 

2.3.3 Summary 

 

In conclusion, distance between green infrastructure and residential areas, attractiveness of 

green infrastructure and characteristics of the green infrastructure users are the most important 

aspects that influence accessibility. Knowing the distance, quality of green infrastructure and the 

detailed social-economic groups as potential users of green infrastructure is a key to understand 

the accessibility measures. The analysis of distribution of green infrastructure considering these 

features will address the questions of “Who gets what” and “Where does green infrastructure need 

to be improved?” Thus, from a social perspective, the degree of accessibility to green infrastructure 

is a key factor in understanding equity of access to green infrastructure being investigated in this 

research. Having discussed liveability, equity and accessibility to public services such as green 
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infrastructure, it is necessary to expand the idea and concept of green infrastructure and the 

connection with improving liveability in the following chapter. 

 

2.4 Conclusion 

 

This chapter started with the concept of urban liveability, introducing key elements that 

influence liveability. Many people have researched the distribution equity of public services since 

1960s in several research areas. In terms of urban geography, equity was mostly used in the 

distribution of public resources. It went through territorial justice, locational equity, spatial equity 

and social equity. The latest social equity discussed more about ‘Who gets how much service’ 

rather than ‘Where obtains how much service’.  

 

To answer this question, the accessibility concept was introduced to the test of social equity for 

one of the most important public services, i.e. green infrastructure. This chapter illustrated the 

aspects that influence accessibility, which are distance, quality and social-economic groups. Based 

on the theory of social equity and the method of accessibility measure of green infrastructure, this 

research will test accessibility-based equity in certain transportation modes. The social equity 

levels will be illustrated by the analysis of green infrastructure distribution and accessibility levels 

for different social-economic groups. The main concern of this research is to minimise the degree 

of inequity for different age, ethnic and income groups. It will consider the demands of green 

infrastructure and its quality for these groups to provide better services in the future.  
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Chapter 3 Understanding Green Infrastructure and its 

Environmental and Social Benefits 

3.1 Introduction 

 

There are many ways to improve urban liveability, which have been addressed in the literature 

review in Chapter 2. One of the most important aspects this research is concerned with is equal 

access to public services. On an urban scale, these services can be delivered by different types of 

infrastructure such as educational institutions (school and kindergarten), health care (hospital, 

specialist, and clinic), daily services (supermarket, library, and parks), etc. These infrastructures 

play vital roles in citizens’ lives. Among these different types of infrastructure, green infrastructure 

has been seen as one of the most important necessities for improving urban liveability. Good quality 

and accessible green infrastructure can provide many social benefits, but the most significant of 

them can be grouped into three aspects: 1). Improvements in levels of physical activity and health; 

2). Facilitation of social interaction, inclusion and community cohesion and 3). Promotion of 

aesthetic quality” (Forest Research, 2010). 

 

However, green infrastructure provides these benefits passively. In other words, users have to 

be able to access green infrastructure easily, quickly and conveniently to get the benefits it offers. 

In order to maximise its usage, accessible green infrastructure should be “delivered at all spatial 

scales – regional, sub-regional, local and neighbourhood levels” (TCPA, 2008, p. 5) within local 

communities and much larger sites on the urban fringe.  
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This chapter addresses green infrastructure’s concept and its functions in this context. The 

understanding of the concept helps make the decision of selecting green infrastructure elements 

this research is focused on. The functions are also helpful for a better understanding of the role 

green infrastructure plays and how to use them in improving urban liveability. This chapter also 

illustrates the relationship between equal access to green infrastructure and urban liveability, which 

provides a clear perspective for urban planners and policy makers on how to maximise the social 

function of green infrastructure to improve people’s quality of life. In order to make this chapter 

clearer for reviewing, it answers the following sub-questions:  

 

 What is green infrastructure in the context of delivering liveability experiences? 

 What benefits can green infrastructure provide in improving urban liveability? 

 In what ways does equal access to high quality green infrastructure connect with 

delivering an aspect of urban liveability? 

 

3.2 Green infrastructure concepts 

 

Publicly accessible green infrastructure, as defined in the literature, includes parks and public 

gardens, green corridors, local natural reserves, urban wetland areas and beaches, with associated 

amenities such as playgrounds, exercise equipment, social gathering sites, toilets, refreshment 

kiosks and cooking equipment. In some cases, green infrastructure also refers to the network of 

green spaces, not only the connected parks and green space systems which has environmental and 

ecological functions to act as a natural system to protect and support biodiversity and habitats. 

Collectively, green infrastructure contributes to urban liveability and provides social benefits. 
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The idea of green infrastructure was originally influenced by Olmsted’s1F

2 thinking of using 

connected parks and other open spaces to enhance the quality of life and influenced the natural 

planning and conservation movement of the 19th century city (Pred, 1977). This later led to a 

refocusing on ‘smarter’ urban planning policies and approaches for economic growth and 

environmental protection, which in the United States were referred to as ‘smart growth’ (Haarhoff 

et al., 2012, p.13-14). The concept of ‘smart growth’ accepts that growth and development will 

continue to occur, but seeks to limit suburban sprawl to protect surrounding natural areas. (Preuss 

& Vemuri, 2004). As with many complex concepts (such as sustainable development), ‘Green 

Infrastructure’ has numerous definitions including: 

 

 “An approach that communities can choose to maintain healthy waters, provide 

multiple environmental benefits and support sustainable communities.” (Environmental 

Protection Agency (EPA), 2013); 

 “A positive approach for evaluating ecological, social and economic functions 

which can be used to guide sustainable land use and exploitation, strategies for protecting 

ecosystem.” (Spitzer, 1999, p. 64); 

 “An entire system to help protect and restore naturally functioning ecosystems by 

providing a framework for future development that fosters a diversity of ecological, social, 

and economic benefits. These include enriched habitat and biodiversity; maintenance of 

natural landscape processes; cleaner air and water; increased recreational opportunities; 

improved health; and better connection to nature and sense of place.” (Benedict & 

McMahon, 2002, p. 14); 

                                                 
2 Frederick Law Olmsted (April 26, 1822 – August 28, 1903), American landscape architect, was famous for co-designing many 
well-known urban parks, including Central Park and Prospect Park in New York City. 
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 “Our nation’s natural life support system – an interconnected network of protected 

land and water that supports native species, maintains natural ecological processes, sustains 

air and water resources and contributes to the health and quality of life for America’s 

communities and people.” (Benedict & McMahon, 2006; Williamson, 2003, p. 4); 

 “The network of natural environmental components and green and blue spaces that 

lies within and between the northwest cities, towns and villages which provides multiple 

social, economic and environmental benefits.” (Tank, 2008, p. 3); 

 “Strategically planned and managed networks of natural lands, working 

landscapes and other open spaces that conserve ecosystem values and functions and provide 

associated benefits to human populations.” (The Conservation Fund, 2011; Benedict & 

McMahon, 2006); 

 “Natural and engineered ecological systems which integrate with the built 

environment to provide the widest possible range of ecological, community and infrastructure 

services.” (Council, 2013a, p. 40; Boyle et al., 2012, p. 5). 

 

Consistent in the above definitions, whether from the perspective of taking a sustainable 

approach to green infrastructure or taking green infrastructure as the network of natural systems, 

are the environmental, social, and economic benefits derived. The definitions of Benedict and 

McMahon (2002, p. 14; 2006) seem the most widely used in literature (Boyle et al., 2012), as the 

result of the influence of the Green Infrastructure Work Group of the Conservation Fund and 

USDA Forest Services2F

3. However, it treats green infrastructure on a landscape scale rather than on 

                                                 
3 USDA is the United States Department of Agriculture, a multi-faceted agency that manages and protects 154 national forests and 
20 grasslands in 44 states and Puerto Rico. The agency’s mission is to sustain the health, diversity, and productivity of the nation’s 
forests and grasslands to meet the needs of present and future generations. 
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an urban scale, and is primarily used by disciplines associated with stormwater management (Boyle 

et al., 2012). Differing from these studies about green infrastructure, this study focuses rather on 

the social aspect associated with the benefits of access to urban green infrastructure (GI).  

 

From a social perspective, green infrastructure is different from public green space and open 

space, because it includes different types of elements, such as parks, gardens, reserves, forests, 

green corridors, wetlands, etc. It consists of all kinds of environmental resources (Benedict & 

McMahon, 2006; Fabos, 2004). This research focuses only on green infrastructure, as it takes 

public open space and green space as part of its definition, emphasising connectedness, openness 

and multifunction. It is the area of grass, trees, or other vegetation set apart for recreational or 

aesthetic purposes in an urban environment (B. Tuzin, 2002), and it is also generally described as 

land set aside for the purpose of public enjoyment and protection of unique, environmental, social 

and cultural values for existing and future generations (Rutherford et al., 2013). The above 

characteristics show that green infrastructure embodies a system linkage between serving the 

environmental and ecological needs and the social needs of people. Furthermore, green 

infrastructure looks at actions in concert with land development, growth management and built 

infrastructure planning. The green infrastructure elements in this research provide a reasonable 

provision of opportunities for social recreation use and physical activities. Thus, what needs to be 

clarified is the difference between environmental aspects and social aspects because it is the latter 

that is the focus of this research. 

 

3.3 Environmental, ecological and social functions of green infrastructure 
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Green infrastructure is used to achieve the purpose of being a liveable city. The elements 

included in this system improve urban liveability in various aspects. On a regional scale, green 

infrastructure elements (regional parks, coastline, etc.) provide the essential ecological functions, 

while on an urban and district scale, green infrastructure elements (forest parks, reservoirs, 

wetlands, etc.) improve the whole environment, offering proper green space and multifunctional 

routes for recreational, decorative and protective purposes. On the neighbourhood and community 

scale, green infrastructure elements (parks, reserves, cemeteries, streetscapes, etc.) enhance 

people’s quality of life (Kuppuswamy, 2009). Knowing about these green infrastructure elements 

and their specific functions is useful for understanding their characteristics. The benefits will be 

maximised in urban planning procedure for providing a liveable environment for all GI users. 

 

3.3.1 Environmental and ecological functions of green infrastructure  

 

Researches listed in Table 2 have proved that a range of environmental and ecological benefits 

can be delivered by green infrastructure. The most important ones summarised include: 

 

 Reduction in air pollution 

 Reduction in flood risk and improvement of water quality as part of sustainable 

urban drainage systems 

 Climate change mitigation and reduction of urban heat island effect  

 Conservation of biological diversity  
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Table 2 Green infrastructure delivering environmental and ecological functions 

Types of 
benefits 

GI elements Environmental and Ecological Benefits 

Reduction of air 
pollution 

Cycle lanes 
Streetscape 
Green corridors 
Green roofs 
Green walls 

Filter air and reduce pollution (Di & Wang, 1999; Rowe, 2011); 
Pollution amelioration (Nowak, 1994; Nowak & Crane, 2000; McPherson et al., 2006; Tiwary et al., 
2009);  
Air pollution reduction (Whitford et al., 2001); 
Reduce greenhouse gas emission (City of Chicago, 2009); 
Noise insulation (Dunnett & Kingsbury, 2004; Teemusk & Mander, 2006; Goode, 2006); 
Lower incidences of respiratory diseases (Forest Research, 2010). 

Stormwater 
management 

Green roofs 
Green walls 
Permeable paving 
Bioretention 
system  
Rain gardens  
Bioswales 

Reduce or slow down stormwater runoff from urban areas (Voyde et al. 2010, Fassman et al. 2012); 
Reduce stormwater runoff flows (Bean et al., 2007, Hunt & Collins 2008); 
Improve runoff water quality (Brattebo & Booth, 2003); 
Improve water quality by reducing water pollution (Cater & Butler, 2008); 
Integrate a system of stormwater management by capturing, infiltrating and transpiring stormwater 
(Mentens et al., 2006; Boyle et al., 2012). 

Reduction of 
urban heat island 
effect 

Green roofs 
Green walls 
Urban parks  
Reserves 
Green space 
Streetscape 

Improve thermal insulation of building and reduce energy costs related to heating and cooling (Schumann 
2007; Plumb & Seggos, 2007; Kovats, 2008); 
Reduce urban heat island effect (Alexandri & Jones, 2008; Heidt & Nief, 2008); 
Temperature regulation (Dimoudi & Nikolopoulou, 2003; Bowler et al. 2010); 

Conservation of 
biodiversity 

Encapsulated 
countryside  
Farmland 
Ranch lands 
Green corridors 
 

Create habitats for birds, butterflies and insects (Brenneisen, 2006; Fernandez-Canero & Gonzalez-
Redondo, 2010); 
Provide basis for ecological network (Bratton, 1997); 
Alleviating the ecological impact of habitat fragmentation (Opdam et al., 2006); 
Conserving habitat allowing for species movement and maintenance of viable populations (Kettunen et 
al., 2007, Haddad & Tewsbury, 2005, Aly & Amer, 2010); 
Conservation of biological diversity (Opdam et al., 2006, Bratton, 1997). 
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Green infrastructure brings environmental benefits in various aspects. It has been widely 

noticed that air pollution is a major environmental problem across the world. The sources of 

pollutants are primarily vehicle emissions, power production, industry and aviation, such as 

carbon monoxide (CO), carbon dioxide (CO2), nitrogen dioxide (NO2), ozone (O3) and sulphur 

dioxides (SO2) (Nowak, 1994). Urban vegetation in cycle lanes, streetscape and green corridors 

can directly alter air quality by absorbing these gaseous pollutants, reducing greenhouse gas 

emission and producing oxygen during photosynthesis (Di & Wang, 1999; Rowe, 2011; Nowak 

& Crane, 2000; Whitford et al., 2001; McPherson et al., 2006; City of Chicago, 2009). Goode 

(2006) and others (Dunnett & Kingsbury, 2004; Teemusk & Mander, 2006) demonstrated that 

green roofs also help in noise insulation in heavily built-up urban areas. The role of green 

infrastructure in ameliorating the effects of air pollution has then been highlighted as one of the 

most important benefits (Tiwary et al., 2009). Other indirect benefits from a reduction in air 

pollution are the lower incidences of respiratory diseases in urban areas (Forest Research, 

2010). Therefore, as mentioned in the Forest Research (2010, p.74), “The benefits to humans 

as a result of improved air quality are related to an improvement in quality of life through the 

access to green space”. 

 

Besides the function of reducing air pollution, green infrastructure also provides 

hydrological functions. Boyle (2012) pointed out that green infrastructure elements such as 

permeable paving, green roofs, bioretention systems, rain gardens and bioswales, urban forests, 

street trees and cycle lanes integrate a system of stormwater management by capturing, 

infiltrating, and transpiring stormwater. As drainage is a continual problem in highly urbanised 

areas, vegetation’s ability of water interception, storage and improvement of runoff water 

quality are potential in reducing flood risk and stormwater runoff (Brattebo & Booth, 2004; 

Bean et al., 2007; Hunt & Collins, 2008; Voyde et al., 2010; Fassman et al., 2012). Carter and 
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Butler (2008) pointed out that green roofs especially work well for small storm events. They 

make use of unused urban space without limiting the demands of people for open space on the 

ground (Mentens et al., 2006).  

 

In urban areas, green infrastructure also helps to reduce the impacts of high temperatures, 

also known as the urban heat island effect (Alexandri & Jones, 2008). This is caused by direct 

solar radiation from buildings and other man-made surfaces (Heidt and Nief, 2008). The heat 

absorbed during the day in urban areas causes an increase of one or two degrees compared to 

rural areas, which increase the levels of thermal discomfort in “both outdoor areas and within 

buildings”, and the incidences of sunburn and skin cancer (Schumann, 2007; Plumb & Seggos, 

2007; Kovats, 2008). Green infrastructure reduces this impact by providing shade for buildings 

and outdoor spaces, converting solar radiation to latent heat (Dimoudi and Nikolopoulou, 

2003).   

 

Besides the environmental benefits, green infrastructure acts as a functioning ecological 

network protecting many different species (Bratton, 1997). Wildlife such as birds, butterflies 

and insects uses green infrastructure elements for resources or movement (Brenneisen, 2006; 

Fernandez-Canero & Gonzalez-Redondo, 2010). Green infrastructure such as green corridors 

plays a role in overcoming habitat fragmentation (Opdam et al., 2006) and to ensure the 

maintenance of viable populations of key species (Haddad & Tewsbury, 2005; Kettunen et al., 

2007; Aly & Amer, 2010).  

 

All these environmental and ecological benefits of green infrastructure are achieved by 

different types of GI elements. They are essential to provide environmental benefits, although 

these benefits are invisible, and cannot be perceived by residents, such as air and water quality 
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improvement, ecosystem resilience, habitat and species diversity, stormwater and runoff 

management and energy saving. In this case, users do not need to interact with GI-specific 

initiatives in order for green infrastructure to be useful. In other words, the environmental and 

ecological benefits depend on how green infrastructure is designed and implemented by 

engineers, ecologists and other professions, rather than accessing the specific green 

infrastructure elements by users themselves. However, when referring to social benefits, some 

of the GI elements such as green roofs, green walls, pavements, bioswales and bioretention 

system, offer limited functions for providing social activities. It is necessary to distinguish these 

particular types of GI elements and their related social functions for better usage. 

 

3.3.2 Social functions of green infrastructure  

 

Potential social benefits of green infrastructure have been studied by many researches. This 

study summarises the most significant researches (Table 3) into three categories:  

 

 Improvements in levels of physical activity and mental health 

 Facilitation of social interaction, inclusion and community cohesion 

 Promotion of aesthetic quality 

 

Evidence suggests that access to safe, local, good quality green infrastructure encourages 

higher levels of physical activity (Fairburn et al., 2005; Sherer, 2006; Weldon et al., 2007). 

Weldon et al. pointed out a positive relationship between green space and the general health of 

the population. The research indicates that better health is linked to a good provision of green 

infrastructure elements regardless of the socio-economic groups who use them (Weldon et al., 

2007). Mitchell and Popham (2007) confirmed this statement in their research, studying the 
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Table 3 Green infrastructure delivering social functions 

Types of benefits GI elements Social Benefits 
Improvement of 
health 

Parks 
Public gardens 
Reserves 
Cycle lanes 

Opportunity for exercise and recreation (Fairburn et al., 2005; Sherer, 2006; Kaczynski & 
Henderson, 2007; Forest Research, 2010); 
Positive relationship between population health and green space (Mitchell & Popham, 2007); 
Provide benefits in mental health (Ulrich, 1984; Ulrich, 1991; Hartig et al., 2003; Whitelaw et al., 
2008); 
Positive emotions (Korpela et al., 2001);  
Relaxation from stress (Roger, 1991; Ulrich, 1981);  
Encouragement of green transport (cycling) and walking for senior citizens (Takano et al., 2002). 

Promotion of 
social interaction 

Parks 
Public gardens 
Reserves 
Streetscape 
Green corridors 

Increase social interactions (Kweon et al., 1998; Kim & Kaplan 2004; Sherer, 2006; Seeland et al., 
2009); 
Reduced health costs through opportunities for physical fitness, sense of community identity and 
involvement (Kim & Kaplan, 2004); 
Increase children’s interpersonal skills (Taylor et al., 1998); 
Attention and cognitive capacity (Kaplan & Kaplan, 1989). 

Promotion of 
aesthetic quality 

Parks 
Public gardens 
Reserves 
Streetscape 
Green corridors 
Cycle lanes 

Provide aesthetic appeal (Tibbatts, 2002);  
Aesthetic enhancement of streets and motorways (de Groot et al., 2002).  
Enhance neighbourhood liveability (ODPM, 2002; 2003). 
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relationship between population health and green space. They concluded that a higher 

proportion of green space in an area was generally associated with better population health. It 

has been discussed further for certain groups of people. A study in Tokyo found that a positive 

relationship has been shown between walkable green infrastructure elements and senior citizens 

(Takano et al., 2002). Living closer to parks or recreation facilities increases the opportunity 

for physical activity, especially for certain groups in society “who are vulnerable to social 

exclusion, such as older adults and young people, ethnic minorities and people with disabilities” 

(Kaczynski & Henderson, 2007; Forest Research, 2010, p. 35). 

 

Mental health, on the other hand, can benefit from green infrastructure elements through 

both physical access and usage, including relaxation from stress, positive emotions, cognitive 

capacity, community empowerment and involvement and human-human interaction (Ulrich, 

1984; Korpela et al., 2001; Guite et al., 2006; Whitelaw et al., 2008). Research from Hartig et 

al., (2003) shows a positive influence of natural environment on improved attention 

functioning, enhanced mood and lower blood pressure. Similarly, Ulrich and his colleagues 

(1991) indicate that people’s mental pressure is much lower in a natural environment compared 

with that in an urban concrete environment. The more often they visit green infrastructure 

elements, the less often they will experience stress-related illnesses (Roger, 1991; Grahn & 

Stigsdotter, 2003).  

 

The potential social benefits of green infrastructure have been shown in terms of social 

interaction, inclusion and community cohesion. An epidemiological study found that green 

infrastructure elements play a vital role in connecting people in their local community (Kim & 

Kaplan, 2004). These elements such as parks and community gardens encourage the interaction 

between users. Studies (Kweon et al., 1998) further confirmed that good quality green spaces 
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can bring different groups of people together, engaging in physical activities and creating 

community cohesion. In a Swiss study, urban green space presents an important role for people 

to make friends across cultures, especially for children and young people (Seeland et al., 2009). 

These groups of users are more likely to use nearby green infrastructure elements for daily 

exercise as their mobility is limited. More precisely, the study in Chicago inner city shows that 

children, playing in green infrastructure elements near their apartment blocks with adults, have 

higher levels of creative play which increases their interpersonal skills (Taylor et al., 1998). 

The increase of family bonds, social interaction with friends and the sense of involvement in 

community activities such as sports competitions, performances, and games provide a friendly, 

healthy and positive community environment, which in the long-run develops a healthy lifestyle 

and improves liveability. 

 

Apart from the above social benefits, green infrastructure elements also provide ‘aesthetic 

quality’. In other words, they provide places to view, entertain and experience nature. The visual 

appearance and attractiveness of the city is therefore strongly influenced by the provision of 

green space (Tibbatts, 2002). The green corridors and streetscape with designed vegetation 

encourage the aesthetic values for people who use them frequently (de Groot et al., 2002). 

Government policy of Britain’s sustainable communities plan suggested to improve 

neighbourhood liveability by making green infrastructure elements safer, cleaner, greener, 

increasing people’s enjoyment of a place (ODPM, 2002; 2003). 

 

These studies have shown that more usage of or more access to green infrastructure elements 

can have a positive impact on mental well-being and cognitive function. To get the benefits 

mentioned above, especially social benefits, one of the first priorities is to access the GI 

elements with equipped facilities in a short distance from the users’ homes. The importance of 
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providing advanced facilities and amenities inside each GI element, in a social aspect, is that 

they offer more recreational opportunities. For example, sports fields, playgrounds, and fitness 

equipment increase the opportunity for both individual and group physical activities; toilets, 

drinking fountains, and benches assist these activities; sculpture, fountains, ponds, and 

historical buildings provide aesthetic and educational value of the place. More services will be 

delivered when GI is used in a higher frequency, if these facilities are in good condition and are 

managed properly, which provides long-term health benefits. Thus, the following section 

discusses the specific facilities of GI showing different services provided by different facilities. 

 

3.4 Facilities in green infrastructure elements 

 

The facilities available within green infrastructure elements impact upon usage (Giles-Corti 

et al., 2005). For example, green infrastructure elements with a variety of attractive attributes 

such as sports fields, playgrounds, benches, toilets, and other service facilities encourage higher 

levels of usage. Studies about facilities of green infrastructure also proposed that improving 

access to and the accessibility of green infrastructure elements is not just about creating new 

areas of green space, it is about improving existing ones (Royal Commission on Environmental 

Pollution (RCEP), 2007).  

 

The Urban Green Spaces Task Force (2002, p. 18) reported that one of the six main social 

barriers to the use of green infrastructure is “the lack of or poor condition of facilities, especially 

seats, toilets and play opportunities for children”. Enhancing the facilities of green 

infrastructure elements including aspects of natural features and provision of social interaction 

will help improve the quality and accessibility, which will directly contribute to the increasing 

amount of outdoor activities (Sugiyama & Ward Thompson, 2008). Kaczynski et al. (2008) 
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proved that green infrastructure such as public parks with more features were more likely to be 

used for physical activity. They declared that: 

 

“Facilities were features of parks that were primary settings for physical activity (e.g. 

paved trail, unpaved trail, path, open space, wooded area, meadow, water area, playground, 

ball diamond, soccer pitch, tennis court, basketball court, and pool). Amenities were features 

of parks that might support opportunities for physical activity (e.g. drinking fountain, picnic 

area, restroom, table, bench, trash can, shelter or pavilion, historical or educational feature, 

landscaping, bike rack, parking lot, rules sign, sidewalk adjacent, roadway through, and 

having more than one entrance)” (Kaczynski et al., 2008, p. 1452) 

 

Research from Giles-Corti et al. (2005) supported this research result, using five factors 

related to park attractiveness (three amenity factors such as presence of sports facilities and two 

safety factors such as lighting). They noted that both the amount of and the number of green 

infrastructure elements such as parks create more opportunities for neighbourhood and park-

based physical activity. Green infrastructure elements with developed facilities and supporting 

amenities appear more likely to attract users for active purposes (Giles-Corti et al., 2005).  

 

Although some research (Talen, 1997; Nicholls 2001; Giles-Corti et al., 2005) also 

mentioned that larger green infrastructure elements generally have more attributes that attract 

more users, neighbourhood-based green infrastructure especially plays a vital role in providing 

opportunities for users’ daily-based social interaction and physical development. The reason is 

that people normally prefer to enjoy having their daily recreational activities in the nearest green 

infrastructure in their community (Smoyer‐Tomic, Hewko, & Hodgson, 2004). To be more 

precise, the most typical close-to-home activity is walking for recreational opportunities or 
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fitness, while other popular activities are walking, cycling, jogging and outings with children 

and use by children on their own. Green infrastructure elements with advanced facilities in the 

vicinity of the users’ residential areas in a short distance are suitable for recreational use and 

also increase the number of close-to-home outings (Neuvonen et al., 2007).  

 

Concerning these physical activities and health related accessibility to green infrastructure 

elements, the accessibility is directly influenced by how recreational areas and facilities are 

provided and managed (Neuvonen et al., 2007). Good provision of opportunities obviously 

promotes an active lifestyle and, as a consequence, promotes liveability. Thus, recreation areas 

and facilities “should be located close to residential areas, and provide safe, comfortable and 

year-round access for daily outings” (Neuvonen et al., 2007, p. 235), especially for low mobility 

groups such as children and older adults. However, it is also suggested that the benefits of green 

infrastructure are unevenly distributed throughout society, particularly in certain groups, 

“including people with disabilities, ethnic minorities, young people, older people, and those at 

an economic disadvantage, and for these groups, the potential that green infrastructure has for 

enhancing social cohesion is especially pertinent” (Forest Research, 2010, p. 49). These groups 

of people experience lower levels of benefits, either because they have less access or because 

they use it less (Weldon et al., 2007; Fairburn & Smith, 2008). The Royal Commission on 

Environmental Pollution (2007, p. 10) argues that, “Justification of equal access to urban nature 

can be based on issues of environmental justice, i.e. the right of all urban inhabitants to have 

access to urban nature because its benefits are critical to their well-being”.  

 

Therefore, it is essential to test whether proper green infrastructure elements are provided 

equally in cities and neighbourhoods, and even more essential to test whether these equally 

distributed GI elements are equipped with advanced facilities as they influence the way that 
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people access and use them. Failure to provide equitable distribution of these green 

infrastructure elements results in substantial health costs in the long run.  

 

3.5 Conclusion 

 

This chapter addresses green infrastructure as used in research. Green infrastructure 

elements refer to parks and reserves which have environmental, ecological and social functions 

to act as a natural system, not only to protect biodiversity and habitats, but also contribute to 

urban liveability. The association between green infrastructure and urban liveability can be 

summarised based on the literature in this chapter in several aspects. 

 

As one important part of public facilities in urban areas, green infrastructure acts as a 

multifunctional natural system, contributing to pollution amelioration, stormwater 

management, climate adaptation and biodiversity conservation. These environmental and 

ecological functions of green infrastructure are essential in providing citizens with a sustainable 

living environment. Besides, different types of green infrastructure provide social services for 

all groups of people in urban areas, especially when green infrastructure elements are equipped 

with advanced facilities. They offer people a safer, cleaner and greener place to improve their 

quality of life, by providing more opportunities for physical activities and social interaction. 

Furthermore, they improve people’s quality of life in respect to the promoted aesthetic quality. 

The value of greener areas is enhanced by visual quality which brings aesthetic appeals for GI 

users. 

 

According to the literature review, living close to green infrastructure elements means more 

opportunities for a healthy lifestyle. There is no exclusion of parts for accessing green 
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infrastructure elements in all communities, for example the disabled or the elderly. However, 

these researches fail to answer the question of whether the important green infrastructure 

elements are distributed equally in urban areas. Equal access to these elements is the priority 

and a guarantee for social functions to be delivered. Only when people succeed in reaching 

these elements equally, are the above benefits able to be accessed and reaped. For users, 

unequally distributed green infrastructure elements decrease their opportunities for social and 

physical activities; for urban planners, it is a significant problem, causing greater impact on 

urban development in the long-run. Thus, the study of accessibility-based equity of green 

infrastructure is essential. It emphasises the providing of services and achieving GI’s benefits 

practically in a broader view for users rather than addressing the functions theoretically.  

 

To reach this goal, this research develops a proper research methodology and a case study 

in urban areas with sufficient amount of green infrastructure to test whether these elements are 

equipped with advanced facilities and are equally distributed in walking distances to meet the 

demands for different groups of people. It answers the main research question: how equal is 

walking access to well-equipped green infrastructure elements for different demographic and 

social-economic groups in urban areas? The research diagram Figure 5 shows how the main 

research question and sub-questions are associated with the literature review and can be 

answered using appropriate method in a proper process. 
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Figure 5 Research Diagram (Author) 
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Chapter 4 Research Method 

Green infrastructure, one important aspect of public facility, has the potential to influence 

people’s quality of life in cities. As clearly addressed in literature, equal access to green 

infrastructure elements is the priority and guarantee for their benefits to be delivered. The study 

of accessibility-based equity of green infrastructure is essential and critical, impacting low-

income groups, old people, children and different ethnic groups. Accessibility levels can 

directly and easily show the potential and possibility of green infrastructure in terms of service 

ability. The better the accessibility levels of green infrastructure, the larger its potential and the 

greater of its value. In order to achieve the research aim, this study answers the following sub-

questions in this chapter to develop a proper method and to test whether green infrastructure 

elements are equipped with advanced facilities and are equally distributed in walking distances 

to meet the demands for different groups of people. 

 

 What methods have been used to measure accessibility to green infrastructure? 

 How does objective access to green infrastructure show levels of equity of access? 

 How to use a case study to test the accessibility and equal distribution of green 

infrastructure? 

 What types of data are collected and selected for analysing accessibility-based equity 

of green infrastructure?  

 

4.1 Measurement of accessibility to green infrastructure 

 

Accessibility measurement has been undertaken considering different factors, including 

transportation, a library, public services, health care, and green infrastructure elements such as 

parks and urban green space (Bocarejo S & Oviedo H, 2012; Halden, 2002; Karekla, Fujiyama, 
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& Tyler, 2011; McLafferty, 1982; Ngamini Ngui & Vanasse, 2012; Nicholls, 2001; Park, 2012). 

In order to increase access to the natural environment through local green infrastructure 

elements, a range of accessibility standards for natural sites and areas within easy reach of 

people’s homes has been addressed in many countries. In the UK, an accessibility standard for 

green infrastructure elements such as green space was introduced in the early 1990s and 

specified that residents should be within 4.8 kilometres (3 miles) of green space (Austin, 2014). 

More recent standards from UK, including the Accessible Natural Greenspace Standards 

(ANGSt) (Pauleit et al., 2003), adopted by English Nature, a UK government agency, 

recommended that no person should live more than 300 metres from their nearest area of natural 

green space of at least 2 hectares in size. In the US, although there are no national government 

requirements for green infrastructure elements (e.g. parks, open space and natural areas) 

(Austin, 2014), the National Recreation and Park Association published guidelines in the early 

1980s set 6.25-10.5 acres (2.53-4.25 hectares) for every 1,000 people for urban areas and 15-

20 acres (6.07-8.09 hectares) for regional parks (Lancaster, 1983). From the above standards, 

ANGSt is recognised as a powerful tool in assessing levels of accessibility to green 

infrastructure elements and planning for better provision. A survey of 20 planning obligation 

documents (which determined standards for provision of green infrastructure elements), and 15 

green infrastructure strategies found that:  

 

  “Out of 20 planning documents, 7 mentioned ANGSt, (35%) and 2 applied it as 

a standard for provision of green space (10%).   

  Out of 15 Green Infrastructure Strategies, 9 mentioned ANGSt (60%) and 7 

applied it (47%)” (England, 2010). 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This standard can be applied using both qualitative and quantitative data for accessibility 

measurement. Qualitative assessment usually includes methods such as questionnaires and 

interviews to understand what urban residents’ perceptions and geographical imagination might 

be (Lotfi & Koohsari, 2009), while objective assessment uses quantitative indicators such as 

distance, time and costs to illustrate the barriers between users and green infrastructure elements 

(Levinson, 1987; Erkip, 1997). The distance and time thresholds used are based on people’s 

behaviour, making reference to the fact that the majority of people are unwilling to walk to a 

green infrastructure element more than 300 metres (5 minutes’ walk) from home (Levinson, 

1987; Van Herzele & Wiedemann, 2003; England, 2010). 

 

Considering the aims of this research, measuring green infrastructure-related accessibility is 

a crucial part and, for this reason, a number of potential methods are reviewed, based on ANGSt, 

to determine which one is the most suitable.  

 

4.1.1 Comparison of frequently used methods 

 

Different methods are used to calculate accessibility of green infrastructure elements (e.g. 

parks, public open space, green space, reserves and national green spaces) according to research 

aims. Each of these methods has special requirements of data, reflecting various aspects of 

accessibility, such as the ease of travel between points in space or the spatial distribution of 

activities (Handy & Niemeier, 1997; Kwan et al., 2003). Frequently used methods of measuring 

accessibility of green infrastructure elements such as parks and public green space are assessed. 

These methods include buffer zone, minimum distance, gravity model, and network analysis 

methods.  

 

4.1.1.1 Buffer zone 
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The buffer zone method of measuring accessibility of green infrastructure elements takes 

green space as the research objective. This method considers green space as centres and 

establishes a circular ‘buffer zone’ as a serviced area, using the maximum service distance as 

the radius (Li & Liu, 2009; Nicholls, 2001). It measures accessibility by means of the presence 

of green space or the number of facilities within the specific area. The buffer zone is drawn to 

a given radius (400 metres as an example) from a point of origin (green space) (Figure 6). This 

method assumes that people who stay in that circular buffer zone can easily access urban parks 

while the people outside the zone have less opportunity (Nicholls, 2001). By displaying the 

green space’s location and its service radius, this method shows the relationship of the spatial 

location and its accessibility for the population inside buffer areas. The greater the population 

inside that buffer area, the better accessibility of that research area. It also distinguishes the 

buffer zone, non-buffer zone and different levels of accessibility.  

 

However, the drawback of this method is inaccuracy, because it uses ‘as-the-cow-flies’ 

straight lines as the radius to draw the buffer zones on the map. This ignores the real road 

conditions and networks and natural and man-made landscape barriers in the process of getting 

access to the parks (Shuang-yan, 2010). As a result, the service areas (the buffer zones) are 

normally over calculated and the service capacity of the parks (how many people can access 

that park in buffer zone) will be overestimated. This method is used only for simply selecting 

Figure 6 Buffer zone method (Author) 
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the location of the urban parks, rather than calculating accurate accessibility levels.  

 

4.1.1.2 Minimum distance method 

 

As one important part of public facilities, green infrastructure elements (e.g. urban parks and 

reserves) in the city are essential for people to have social activities such as sports, exercise and 

events, outdoor celebrations in the park, family picnics, etc. People normally prefer to enjoy 

having their daily recreational activities in the nearest parks in their community (Smoyer‐

Tomic et al., 2004). In this assumption, the closer the distance between residential areas and the 

nearest facility, the better the accessibility. Figure 7 shows that green space B has better 

accessibility than the other two green spaces from residential area 1 and 2 (R1 and R2) because 

it takes the shortest distance to get there. The difference between minimum distance method 

and buffer zone method is that minimum distance takes either residential areas or parks as 

starting points to calculate the shortest linear distance between these points.  

 

This method has been frequently used to study accessibility of green space because the data 

can be easily collected and analysed (Hodgart, 1978; Yin, Kong, & Zong, 2008; Yin & Xu, 

2009). However, the problem comes from the difficulties of selecting residential areas. 

Different residential data of population influence the results to different degrees (Hewko, 

Figure 7 Minimum distance method (Author) 
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Smoyer-Tomic, & Hodgson, 2002). Moreover, although minimum distance method has been 

used in accessibility assessment for various types of public facilities, it lacks consideration of 

people’s transportation preferences. For example, in modern cities, citizens may have several 

ways to go to a park, such as walking, taking public transportation, driving or cycling. The bus 

route taking them to the parks may not follow the minimum distance route. They may also 

choose different routes to avoid traffic congestion, when they drive to the parks. Besides, 

residents may have more choices when they consider the quality experience the park offers. 

These drawbacks narrow down the application of this method.  

 

4.1.1.3 Gravity model 

 

The gravity-based measurement (also known as potential-based model) comes from the law 

of gravity, originally used by regional economics and geography for the study of interactions 

between society and economy (Talen & Anselin, 1998). It seeks to identify levels of human 

interaction between different locations. It has been widely used, because this method addresses 

the assumption, that the spatial interaction declines with a larger spatial separation between 

origins and destinations; and increases with a greater demand at origins or with higher supply 

capacity and/or attractiveness at destinations (Zhang, Lu, & Holt, 2011; Zhou & Guo, 2004). It 

means the possibility of access to parks will decrease with the increase of resistance (travel 

Figure 8 Gravity model (Author) 
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distance, cost or time) and will increase with the increase of the service functions and demand. 

It shows the influence of attraction to the parks, as it considers the service capability and 

potentials of public parks. From Figure 8, R is the residential area, A, B, C and D are four green 

spaced around residential areas with different distances. Based on the principle of gravity 

model, the graph shows higher potential accessibility with shorter distances from residential 

neighbourhoods to green space, which means green space B has a high potential of easy access. 

On the contrary, A and D are the furthest green spaces from R and the potential of access to 

those green spaces is lower than B and C. However, although A and D are the furthest green 

spaces, D has stronger spatial interaction with R, because larger sized green space attracts more 

residents, with larger physical space, more service facilities and opportunities for events. 

Gravity model considers the attractiveness of the green space, but the disadvantage is that there 

are no specific standards for the selection of functions to calculate the accessibility. Different 

coefficients used in the mathematical calculation may have large impacts on the results (Kwan, 

1998; Talen & Anselin, 1998).  

 

4.1.1.4 Network analysis 

 

Since 1993, the ease of implementing and using GIS (Geographic Information System) has 

improved significantly (Nicholls, 2001). GIS provides great advances using its standard 

functions in GIS packages. The ease of accessing the amount of available data, much of it 

downloadable over the internet, has also increased. These improvements have enabled the 

development of more sophisticated analytical applications, including many that are pertinent to 

researchers and professionals in the field of leisure services. GIS-based network analysis is 

often used to measure perceived accessibility and the factors that influence it (Sotoudehnia & 

Comber, 2011). The general use of this method is to calculate the coverage areas of public green 

space in certain modes of transportation, such as walking, cycling, public transportation or 
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driving, according to real road networks. It normally contains data collection, data preparation, 

implementation of network analysis and results analysis (Comber et al., 2008). Basically, the 

network consists of centres, links, nodes and impedances. Centres refer to green space, links 

are the road systems, nodes are the conjunctions of links and impedances mean the cost or time 

from centres to links or through links. Other studies (Oh & Jeong, 2007) also considered the 

impacts of intersections, pedestrian crossings, overpasses and underpasses to the measurement 

of accessibility. Figure 9 shows the use of network analysis in the mode of walking a distance 

of 400 m along the real road system. It calculates the service areas along the road from the 

entrances of green space (E1, E2 and E3). The irregular shapes in Figure 9 show the service 

areas of the green space. This method reflects the real process of how citizens access green 

space. Compared to buffer zone method, network analysis is more accurate, by integrating the 

road networks with entrances and recognising road barriers for pedestrians. There is no need to 

select certain residential areas, as this method takes green space entrances as starting points. 

Lastly, it does not need to choose different mathematical equations, parameters and impedance 

values as in gravity method, which makes the results more reliable and accurate.  

 

4.1.2 Evaluation of different methods 

 

Figure 9 Network analysis (Author) 
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By viewing different methods measuring accessibility to green infrastructure elements, it is 

easy and clear to understand the relationships between research aims and methods. 

Distinguishing merits and demerits of different methods helps select and adjust the suitable 

method for this research. Table 4 sets out a comparative evaluation in terms of the methods, 

feature, advantages and disadvantages.  

 

In summary, the conclusion drawn is that buffer zone and minimum distance methods are 

easy to calculate, because they use Euclidean-based straight-line distance to illustrate the 

accessibility levels. Buffer zone method simplifies the calculation process with no complicated 

parameters. However, the real travel routes of the citizens will be different and not the straight-

line distance. The lack of reality in these methods makes the results inaccurate and unreliable. 

They are also abstract and ideal models, without considering the features of green infrastructure 

such as size, types and quality.  

 

Compared with the first and second methods, there are obvious advantages to the gravity 

model. First, it is more accurate with consideration of the service capacity and potential of green 

space. Secondly, it shows the influence of attractiveness to green space accessibility. The 

problem is that the choice of the magnitude of parameters used in calculation functions varies 

because of different geographic areas (such as urban areas, suburban and rural areas) or 

activities and purposes (such as shopping, exercise and social activities). The selection of the 

parameters has a great influence on the results, due to lack of regulations and a stable algorithm. 

Meanwhile, difficult and complicated models are hard to make and explain and will not be 

easily applied and developed in the measurement in other cities.
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Table 4 Comparisons of accessibility measurement of green infrastructure 

 

 

Method Feature Advantage Disadvantage 

Buffer Zone Use the same distance to the green space 
edge to show the service radius. 

Easy to calculate; 
Clear service radius. 

Lack of consideration of the entrance; 
Overestimate the accessibility. 

Minimum 
Distance 

Consider the origins and destinations as 
points. Calculated as the straight-line 
distance between origins and destinations. 

Easy to understand and calculate; 
Without parameters; 
 

Lack of accuracy; 
Lack of consideration of the features 
of green space. 
 

Gravity Model The spatial interaction declines with a 
larger spatial separation between origins 
and destinations; and increases with a 
greater demand at origins or with higher 
supply capacity and/or attractiveness at 
destinations. 

Accurate with the consideration of 
the service capacity and potential of 
green space; 
Shows the influence of attractiveness 
to green space accessibility. 
 
 

Difficult to control due to a wide 
range of modelling and lack of 
regulations; 
Complex with uncertain parameters; 
Difficult to understand and interpret. 

Network 
Analysis 

Calculation is based on real road 
networks. 

Accurate with the real entrances; 
Accurate based on the road network 
system. 

Complex with various GIS-based 
tools; 
Lack of consideration of the influence 
of attractiveness of green space. 
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Considering all of these factors, the GIS-based network analysis offers the best method to 

explore the degrees of accessibility of green infrastructure. The network analysis overcomes 

the disadvantages of the radius method. The results will be more accurate, as each entrance of 

green infrastructure will be located according to field work. It provides the distances calculated 

most exactly in the street networks compared to the physical distance. In addition, the shortest 

network distances are selected rather than shortest network times, since the level of accessibility 

to green infrastructure through walking is a key measure. The method is generally used in these 

steps: collecting the data of green infrastructure elements access points, boundaries, census data 

and street networks, adding these data to ArcGIS in different layers, identifying the entrances 

as origins and making different settings to implement GIS analysis, such as transportation mode 

and travel distance/time along the street networks. Within these selected service areas, 

population data is clipped3F

4 as the results to show levels of accessibility. According to the 

research purpose, network analysis method is used only in the walking mode along the real road 

systems. According to the standards from ANGSt this research develops a research design and 

distance levels at 400 metres (5 minutes’ walk), 800 metres (10 minutes’ walk), and 1,200 

metres (over 15 minutes’ walk). With different walking distances, it addresses good access (400 

m), average access (800 m) and poor access (1200 m).  

 

4.1.3 Features of green infrastructure and its measurement   

 

Green infrastructure service features contain fixed service location, service radius, and 

service quality. These features are crucial for the measurement of accessibility-based equity 

and green infrastructure distribution in the city.  

  

                                                 
4 Clip is a command in GIS that extracts features from one feature class that reside entirely within a boundary defined by 
features in another feature class. 
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4.1.3.1 Fixed service location 

 

One feature of green infrastructure is the fixed service location. This is because green 

infrastructure occupies fixed locations and distribution is scattered. Citizens who want to enjoy 

green infrastructure’s services need to get access to the location. This will require them to 

overcome the spatial separation, taking a certain transportation mode (walking, cycling, taking 

a bus/train/ferry, or driving). The transportation mode considered in this research is walking.  

 

4.1.3.2 Service radius  

 

Because of the fixed location feature of green infrastructure, the service is limited by green 

infrastructure’s radius. It means that green infrastructure could provide its benefits to the people 

who manage to get there and mostly to the people who live around it, especially small sized 

neighbourhood green infrastructure. It assumes that people located outside this service radius 

hardly get the same opportunity for using green infrastructure for physical activity or social 

interactions. Normally, service radius is different with different areas of green infrastructure. 

Larger area green infrastructure provides larger service radius and vice versa. 

 

4.1.3.3 Service quality 

 

In order to address the quality of green infrastructure clearly, this research not only takes 

into account green infrastructure categories in different sizes, but also considers the numbers, 

service areas and facilities inside. The reason is that people normally prefer to enjoy having 

their daily recreational activities in the nearest green infrastructure in their community (Smoyer-

Tomic, Hewko, & Hodgson, 2004). To be more precise, the most typical close-to-home activity 

is walking for recreational opportunities or fitness, while other popular activities are walking, 
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cycling, jogging, outings with children and use by children on their own. Green infrastructure 

elements in a good quality in the vicinity of the users’ residential areas in a short distance are 

suitable for recreational use and also increase the number of close-to-home outings (Neuvonen 

et al., 2007). In regard to these physical activity and health related accessibility to green 

infrastructure, the accessibility is directly influenced by how recreational areas and facilities 

are provided and managed (Neuvonen et al., 2007). Good provision of opportunities obviously 

promotes an active lifestyle and, as a consequence, promotes liveability. Thus, recreation areas 

and facilities “should be located close to residential areas and provide safe, comfortable and 

year-round access for daily outings” (Neuvonen et al., 2007, p. 235). Thus, a detailed facilities 

survey inside each green infrastructure element in the case study area needs to be illustrated. 

Examining green infrastructure facilities allows for a multi-faceted exploration of need. A full 

green infrastructure inventory with facility and location details has been achieved from 

fieldwork of this research and can be reached in Appendix A and B. These data provide a unique 

opportunity to address the issue of facilities of green infrastructure and its implications on 

accessibility-based equity, an aspect that has not been given much consideration in existing 

research.  

 

In terms of the same type of green infrastructure, high quality ones with fully equipped 

facilities inside have better social service function, which means they have larger area, service 

radius and facility. They are more attractive than lower quality green infrastructure, because 

they can provide users with more opportunities for physical activity, social activity and 

recreational choice. The quality of the management and the maintenance of green infrastructure 

and its facility make a difference.  
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Unbalanced space configuration of green infrastructure resources, differences of spatial 

distribution of population density and different distribution of social-economic groups formed 

the relationship between different classes and different service ability of green infrastructure 

resources. This relationship greatly influenced the equality of life in urban areas. From the 

viewpoint of urban geography, social equity refers to the equality of green infrastructure in both 

quantity and quality. Residents, wherever they live and whoever they are should get access to 

green infrastructure equally. In other words, residents have the same opportunity to use the 

facility inside each green infrastructure near their home, without considering their different 

social-economic conditions. From this point of view, the social equity in this research includes 

green infrastructure’s service ability, road network and service target. 

 

4.1.3.4 Service ability 

 

Green infrastructure’s service ability is reflected by its area, spatial location, quantity, quality 

and service radius. Generally speaking, the greater the number of public service facilities, the 

better the quality and the more even the spatial distribution, the better the service ability. To 

achieve this, green infrastructure designers and planners should ensure equal distribution of 

green infrastructure in different sizes with different facilities. It will further maximise the social 

functions of green infrastructure and improve the service ability for citizens equally. 

 

4.1.3.5 Road network 

 

Accessibility refers to the ease with which people get access to certain services. It depends 

on the travel time or distance between the two. Road network thus needs to be considered for 

accessibility measurement, because it is the element for accurate calculation. The better the 

road network with different levels, the more accurate the accessibility results.  
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4.1.3.6 Main service target 

 

The service target means the people who may use the facility of green infrastructure or the 

group of people who benefit directly. The distribution of citizens and the social-economic group 

features, to a large extent, decide the frequency of urban green infrastructure. To be clearer, 

older adults and children who have less mobility, tend to use the facility near their homes for 

daily physical activity or recreational purposes. The demands from different groups of people 

influence the accessibility levels. It requires designers and planners to consider local groups of 

people who use the facilities and make relevant changes and ensure adequate maintenance to 

meet their demands. Then they will provide equal and proper opportunities to get access to the 

service that green infrastructure offers. 

 

In conclusion, the calculation and analysis of green infrastructure accessibility-based equity 

could be achieved first by knowing green infrastructure spatial location, area, service radius, 

and facilities inside. It is the basic knowledge about green infrastructure spatial distribution and 

its different service ability. The detailed accessibility levels of green infrastructure will then be 

analysed by the different levels of distances between green infrastructure and residential areas. 

By overlapping the best accessibility level with the features of different social-economic 

groups, this research will answer the question of whether green infrastructure is equally 

distributed and whether its service could benefit different classes of people equally. 

 

4.1.4 Calculation of Accessibility-based Equity of Green Infrastructure  

 

The general connotation from this research is that all residents should be treated equally, 

wherever they live (Tsou et al., 2005). From the literature of equity above, it refers to three 

aspects, which means equity from start, process and end. World Development Report (Mundial, 
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2006) pointed out that equity does not only mean income equality or health status equality, it 

explores the situation of equal access to opportunity, especially public resources. For green 

infrastructure, one of the important aspects of public services, equity means equal opportunity 

for users to get access to this service by reasonable provision of green infrastructure and high 

quality facility.  

 

Working with the features of accessibility-based equity of green infrastructure elements in 

chapter 2, and the three factors (distance, facilities and social-economic groups) that influence 

the calculation of equity, this research uses the index and calculation method as explained 

below. 

 

4.1.4.1 The service ratio  

 

The service ratio refers to the proportion between the people who can get access to the 

service of green infrastructure and the total population in a certain area. It is used to show 

directly the differences in service ability of green infrastructure between different areas (shown 

as equation 4-1). The larger the service ratio, the better the service ability of green 

infrastructure; and the more population green infrastructure serves.  

 

S
∑PS
P

4 1  

 

In equation 4-1, S means the service ratio, ∑PS means the population that can be served in 

a certain area and distance, P means the total population in the study area.  

 

4.1.4.2 Green infrastructure per capita  
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Green infrastructure per capita shows the service potential that green infrastructure has per 

person. The calculation is as equation 4-2. 

 

PC
Agi
P

4 2  

 

In equation 4-2, PC means green infrastructure per capita, Agi means the total area of green 

infrastructure, P means the total population in the study area. 

 

With specific aims and the chosen measurement for the test of accessibility and equity 

established, this thesis moves to the selection of a case study to test the method.  

 

4.2 Selection of a case study city 

 

This research aims to test accessibility levels of green infrastructure in different categories 

in cities. In order to have an accurate calculation for the service area, GIS-based network 

analysis method is used. The study area for applying this method should meet several 

requirements, such as adequate green space, access to GIS maps, boundaries and census data. 

As this research is carried out in the Auckland region (Figure 10), it has been taken as the case 

study city, because it is the largest and most populous city in New Zealand. However, Figure 

10 shows that only central Auckland is the area with a higher population density. Northern, 

southern and western areas of the Auckland region have large areas of national forests and 

farmlands. Only a scattered and small portion of the population lives close to the coastal area, 

especially the northern coastal area.  

 

  



      

66 
 

 

Figure 10 Auckland region (Council, 2012a) 
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Thus, central Auckland (highlighted with a blue line in Figure 10) is selected as the case 

study area because of its population characteristics and sufficient and various green 

infrastructure. The census data of the case study area shows that the population in the Auckland 

region consists of many different ethnic groups (Maori, European, Asian, Pacific, Latin 

America etc.), which is not only important for calculating service capacity of green 

infrastructure, but also essential as a further test of fairness of access (equity) to green 

infrastructure. Moreover, green infrastructure data such as maps, areas, entrances, boundaries, 

facilities, area information such as meshblocks, area units, census data and road networks data 

in GIS can be collected from Auckland City Council and New Zealand statistics’ websites. So 

central Auckland meets the above research requirement as a case study area.  

 

4.2.1 Introduction 

 

The study area selected (Figure 11) is approximately 149.75 km2 with a population of 

413,580 in 2013 calculated in GIS map viewer 4F

5. As shown in Figure 10, almost ¾ of the 

boundary relates to water. This unique feature of Auckland, known as the isthmus, shows that 

it is popular for its natural resources and water sports. Given this factor, water-based recreation 

close to the seashore is important. It is one of the few places in the world to have harbours on 

two separate major bodies of water. The areas with water are essential for physical exercise and 

social activities and are included as green infrastructure elements. Given the abundant natural 

resources in Auckland, it is thought to have equal and sufficient recreational infrastructures for 

its citizens.  

 

 

                                                 
5 GIS map viewer, Auckland Council's mapping and property information service. The service provides accurate and up to 
date layers of data and information. 
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Figure 11 Case study area (central Auckland) (Author) 
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Figure 12 Map of the case study area (Source: from Google map) 

Figure 13 Five sub-areas in Auckland city (Author) 
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In order to illustrate the locations of these green spaces clearly, the case study area (central 

Auckland) is sub-divided into five sub-areas (as shown in Figure 13). These sub-areas have 

been defined by using major road routes (as shown in Figure 12), which form barriers to 

pedestrians and the logical boundaries to the five sub-areas. Southern Motorway 1, North-

western Motorway 16, and Primary Arterial 5F6 and 10 are the major routes used for division. It 

takes Primary Arterial 10 to replace the unfinished South-western Motorway. The five divided 

sub-areas (Figure 13) are Central Business District (CBD), the Eastern Area, the Southern Area, 

the Middle Area and the Western Area.  

 

4.2.2 Identification of green infrastructure elements 

 

In order to achieve the research goals, identifying green infrastructure in central Auckland 

is critical. The green infrastructure refers to facilities that are in public ownership, of which 

there are many types, such as reserves, parks, gardens, domains and beach areas as discussed 

and defined in Chapter 3. Collectively, these various types are referred to as green infrastructure 

elements. Based on the five sub-areas, this research identifies where and which types of green 

infrastructure should be included for accessibility assessment. 

 

The total number of these green infrastructure elements measured in this case study area is 

338, divided into four categories of different sizes, taking the classification from New Zealand 

Recreation Association (NZRA) as the reference. They are Public Garden (area less than 2,000 

m2), Neighbourhood Green Infrastructure (Neighbourhood GI, area between 2,000 m2 and 

15,000 m2), Sports and Recreation Green Infrastructure (Sports and Recreation GI, area 

between 15,000 m2 and 30,000 m2) and Natural Green Infrastructure (Natural GI, area above 

                                                 
6 New Zealand arterial roads are divided into Motorways, Strategic Routes, Primary Arterials, and Secondary Arterials. 
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30,000 m2). Table 5 and Figure 14 both clearly illustrate the number of GI elements in the four 

different categories and the locations of GI entrances in the case study areas (contains 102 Area 

Units6F

7) on the GIS map.  

 

Table 5 shows that Neighbourhood GI (148) accounts for almost half of the total number of 

GI while Natural GI (105) takes 1/3 of the total number. Sports and Recreation GI and Public 

Garden have the least numbers of GI, which are 38 and 47 respectively. To be clearer, the four  

categories of GI located in Figure 15 are highlighted in different colours. From the figures 

(Table 5, Figure 14 and Figure 15), the Eastern area has the most GI (123), containing almost 

the same amount of Neighbourhood GI (53) and Natural GI (46). The Southern area has the 

second most GI (94), containing about the same amount of Neighbourhood GI (41) and Natural 

GI (33), and an equal number of Public Garden and Sports and Recreation GI (10). The total 

number of GI in the Middle area is 71 and Neighbourhood GI accounts for almost half (33). It 

has 15 Public Garden, which is the most compared to the other four sub-areas. The Western 

area has about 1/5 of the total GI (42). It has only one Sports and Recreation GI, while the other 

three types are around the same (14 Public Garden, 17 Neighbourhood GI, and 10 Natural GI). 

In the CBD area, the total number of GI is only 8, containing one Public Garden, four 

Neighbourhood GI and three Natural GI. It is the only sub-area without any Sports and 

Recreation GI. Among the entire green infrastructure, two reserves are excluded, because they 

have been permanently blocked, due to approved improvement work for the area. They are 

Bycroft Reserve from the Southern area and Hobson Bay Walkway (Takutai Reserve) from the 

Eastern Area.  

                                                 
7 Area units (AU) are aggregations of meshblocks. They are non–administrative areas that are in between meshblocks and 
territorial authorities in size. Each area unit must be a single geographic entity with a unique name referring to a geographical 
feature. Area units of main or secondary urban areas generally coincide with suburbs or parts thereof. Area units within urban 
areas normally contain a population of 3,000 to 5,000 though this can vary due to such things as industrial areas, port areas 
rural areas and so on within the urban area boundaries.                                                       
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Table 5 Green infrastructure categories in the five sub-areas in central Auckland 

Types of GI elements Area (km2) CBD 
area 

Western 
area 

Middle 
area 

Southern 
area 

Eastern 
area 

Total 
number 

Public Garden <2000 1 14 15 10 7 47 

Neighbourhood GI 2000-15000 4 17 33 41 53 148 

Sports and Recreation GI 15000-30000 0 1 10 10 17 38 

Natural GI >30000 3 10 13 33 46 105 

Total number -- 8 42 71 94 123 338 
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Figure 14 Entrances of 338 GI elements (Author) 
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4.2.3 Facilities in green infrastructure elements 

 

Besides the quantitative numbering that is illustrated above, this research also has to point 

out qualitatively what facilities are inside each GI element, because they refer to the quality of 

GI elements. In other words, the more advanced facilities GI elements have, the greater 

possibility of social function they will provide for the people who live close by. In order to list 

the facilities of each GI element clearly, fieldwork has been undertaken. These facilities are 

classified in terms of active or passive facility and outcomes are set out in Error! Reference 

source not found.. It shows that active facility refers to sports fields, playgrounds, fitness 

equipment, cafés, historical buildings etc.; and passive facility includes chairs, bathrooms, 

changing rooms, barbeques, drinking fountains, fountains, sculptures and parking. All these 

facility conditions are considered in accessibility measurement. 

 

Table 6 Green infrastructure facility categories 

Facility type Facilities inside green infrastructure elements 

Active 
facilities 

Sports fields (football fields, rugby fields, tennis courts, cricket fields, 
volleyball courts, basketball hoops, boat ramps, scout dens, swimming pools 
and skate parks), children’s playgrounds, adults’ fitness equipment, cafés, 
historical buildings, etc. 

Passive 
facilities 

Chairs, bathrooms, changing rooms, barbeques, drinking fountains, 
fountains, sculptures, parking, etc. 
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Figure 15 Four types of GI entrances in case study area (Author) 
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Table 7 explains that almost half of all green infrastructure elements (176) has both active 

and passive facilities installed, 61 have only passive facilities installed and 18 have only active 

facilities installed. About one quarter of (83) all GI elements has nothing inside at all. From 

Table 7, it shows that, although there are a large number of GI elements in the case study area, 

well-equipped or high quality GI elements account for only half of the total number. Many GI 

elements still need to be improved in the future. 

 

Table 7 Four types of green infrastructure with facilities 

Types of green 
infrastructure 

With active 
facilities only 

With passive 
facilities only 

With both active and 
passive facilities 

With no 
facilities 

Public Garden 3 16 16 12 

Neighbourhood 
GI 

7 25 67 49 

Sports and 
recreation GI 

1 4 27 6 

Natural GI 7 16 66 16 

Total 18 61 176 83 
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4.2.4 Pilot study 

 

To test and evaluate the selected method, a pilot study was carried out before applying it to 

all of the 338 green infrastructure elements. This pilot study takes two green infrastructure 

elements as sample areas: Watling Reserve and Cornwall Park. According to the research steps, 

photos of the entrances and facilities inside the two parks were taken during the fieldwork 

(Figure 17 and Figure 16). Then the location of each facility was marked on the hand drawn 

maps of the green infrastructure elements (Figure 18 and Figure 19). The amenities inside 

Cornwall Park such as barbeque areas, drinking fountains, playgrounds, skate parks and 

bathrooms were recorded in the infrastructure checklist for accessibility and equity analysis.  

 

Based on this fieldwork, notes and data, green infrastructure entrances were created in 

ArcView GIS. The blue and green points in Figure 20 and Figure 21 refer to the entrances of 

the two parks. Starting from these entrances, it calculated 400 metres’ distance (5 minutes’ 

walk) based on the local road network. By using network analysis tool in GIS, the service areas 

within the walking distance from these entrances along the real roads were shown in the 

irregular shapes. Then the population these service areas serve in both Watling Reserve and 

Cornwall Park were calculated as 471 and 961 respectively using clip tools. Once data related 

to ethnic, age and income groups are added, the level of equity will then be analysed. 

 

The measurement of the walking distances from each entrance of green infrastructure 

elements is based on the standards from Accessible Natural Greenspace Standards (ANGSt) 

(Pauleit et al., 2003). These standards aim to provide benchmarks for assessing the provision 

of places where people can experience and enjoy nature and form a part of open space provision 

(Urban Green Spaces Task Force, 2002). They recommend that provision should be made of at 

least 2 ha of accessible natural greenspace per 1,000 populations according to four hierarchical 

levels. The ANGSt model specifies guidelines for greenspace access provision in four parts: 
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Figure 16 Cornwall Park entrances and facilities (Author) 

Figure 17 Watling Park facilities and entrance (Author) 

(a) Watling Park children playground (b) Watling Park entrance 

(a) Cornwall Park entrance (b) Cornwall Park monument 

(c) Cornwall Park café  

(d) Cornwall Park fountain  
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Figure 19 Hand-drawn map of Cornwall
Park (Author) 

Figure 20 Watling Reserve service area
(Author) 

Figure 21 Cornwall Park service area 
(Author) 

Figure 18 Hand-drawn map of Watling
Reserve (Author) 
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• No person should live more than 300 m from their nearest area of natural greenspace 

of at least 2 ha in size. 

• There should be at least one accessible 20 ha site within 2 km from home. 

• There should be one accessible 100 ha site within 5 km. 

• There should be one accessible 500 ha site within 10 km. 

 

This research will measure accessibility to green infrastructure based on these parameters 

and set three categories. The service distance up to 400 metres (5 minutes’ walk) is assessed as 

‘good access’, service distance up to 800 metres (10 minutes’ walk) is assessed as ‘average 

access’ and service distance up to 1,200 metres (over 15 minutes’ walk) is assessed as ‘poor 

access’. For green infrastructure elements that have many entrances, the service areas will be 

merged to avoid overlapping data and calculating population repeatedly. Thus, an irregular 

shape will appear on each of the green infrastructure maps.  

 

The service areas will then be clipped with population information using GIS for analysing 

population numbers and income information. The results will show how many people are living 

in ‘good access’ distance and which economic group they belong to. The numbers of ‘within 

good access’ areas and ‘without good access’ areas will then be analysed for future 

accessibility-based equity levels. The results will show the level of accessibility to green 

infrastructure, which is also known as the ‘service capability’ and the level of equity 

respectively. Both of them are important indicators for assessing the quality of green 

infrastructure.  

 

4.2.5 Outcome to the pilot study  
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The pilot study has sufficiently verified the GIS method of measuring accessibility to green 

infrastructure to proceed with the research. Comparing the results of ‘service area’ and 

population using Network Analysis Tool with that from the measuring of the routes calculation, 

no difference has been shown in the results. To be precise, when using the measuring of the 

routes calculation, the starts from each entrance includes all the population along 400 metres’ 

road distance (shown in Figure 22 and Figure 23). If the road is less than 400 metres but includes 

with intersections, the measurement will continue to take all possible roads after the 

intersections and the same applies in the following ones. The network analysis tool was able to 

achieve this precise calculation perfectly without the need of manually setting all the 

possibilities. After the pilot study, this method is applied for accessibility measurement for the 

rest of the green infrastructure elements.  

 

 

 

 

 

Figure 22 Watling Reserve route calculation (Author) 

Figure 23 Cornwall Park route calculation
(Author) 
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4.3 Data collection and classification 

 

By applying the pilot study, it is reliable and feasible to calculate service population in 400 

m, 800 m and 1200 m using network analysis tool. The results show which area serves more 

population, based on the ratios of service population and total population in the five sub-areas. 

They illustrate the basic assessment of accessibility of green infrastructure in Auckland.  

 

To apply to the 338 green infrastructure elements (Appendix A green infrastructure 

elements), the data needed for the research include spatial data and non-spatial data. Spatial 

data of green infrastructure include its spatial location, maps of research area, road networks 

and boundaries, while non-spatial data include green infrastructure attribute data and census 

data for population information, and social economics group categories. The direct source of 

data was collected by field work and indirect ones were collected by website and hardcopy 

maps. The direct data include green infrastructure spatial locations, entrances and facilities 

inside, which can be blurred or impossible to notice from both online and hardcopy maps. The 

indirect data include the boundaries of the case study area, the calculated green infrastructure 

area based on GIS Viewer, census data and social economics group categories. The detailed 

information is explained as follows.  

 

4.3.1 Confirmation of green infrastructure spatial location, boundaries and entrances  

 

In this research, the spatial data needed for the 338 green infrastructure elements are 

locations, boundaries and space areas, outlines, entrances and facility information. The 

locations of green infrastructure will help identify which five areas they belong to and also 

which Area Unit they belong to for data adjustment. They are determined based on hardcopy 

maps from Kiwimaps. These 1:20,000 scale maps are available from Kiwimaps’ website and 

local bookstores, with a complete set of sheet and book maps covering New Zealand's rural 
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roads and features, including New Zealand Cycle Trails. Each map is extensively indexed with 

named rural roads, available in 18 regional sheets or North and South Island books. This 

research used “Auckland Hamilton & Tauranga Large Print Street Directory” and “Auckland 

City & Districts with large scale inner city map” for fieldwork. 

 

Boundaries and space area data of green infrastructure are used for getting the information 

of the total green space area in central Auckland for calculating green infrastructure per capita. 

The data were collected from the website version maps of GIS Viewer in Auckland Council. 

The website also includes the names and property numbers of the space. The list of green 

infrastructure’s names and space areas can be found in the appendix. Green infrastructure’s 

outlines, entrances and facility information are based on author’s fieldwork. These data can also 

be found in appendix in this research. In terms of the entrances, the places are set in the middle 

of the edge, because some of the green infrastructure does not have fences or proper entrances. 

Google maps, street viewer and Google Earth are also supported software for outline and 

entrances’ determination. But these are not reliable sources, as some of the entrances are 

blocked and the facilities are rearranged, due to the local land use improvement policies and 

plans. By doing the fieldwork, accurate information of each green infrastructure and its facilities 

can be collected. These data are crucial in testing the equity levels and in giving suggestions 

for future redevelopment.  

 

4.3.2 Map and boundaries of the case study area 

 

The map (Figure 11) and geographic boundaries information of central Auckland used in 

GIS is downloaded from Statistics New Zealand 7F

8. From 2013, all files are released in Map Info, 

ESRI8F

9 Shapefile, and ESRI Geodatabase formats for each of the following: (1) Clipped to the 

                                                 
8 Statistics New Zealand is a website designed to provide New Zealand's most important data to develop and prosper as a 
country. 
9  Environmental Systems Research Institute (ESRI) is an international supplier of Geographic Information System (GIS) 
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coastline, high-definition boundaries; (2) Clipped to the Coastline, generalised to 1 metre 

tolerance boundaries; (3) Full, to the 12-mile limit, high-definition boundaries; and (4) Full, to 

the 12-mile limit, generalised to 1 metre tolerance boundaries. According to the research need, 

ESRI shapefiles are selected. The file named Digital Boundaries 2014 Generalised 12 Mile has 

been downloaded as the base map. The original file contains the following geographic layers: 

meshblock (MB), area unit (AU), urban area (UA), territorial authorities (TA), regional council 

(RC), wards and community/local boards (CB). Only meshblocks and area unit boundaries are 

selected, due to the purpose of this research. It contains 102 area units and 3,423 meshblocks. 

 

4.3.3 Road data 

 

Road data can be accessed from the Land Information New Zealand (LINZ) website. The 

layer downloaded and used in this research is called “NZ Primary Road Parcels”. It provides 

the current road parcel polygons with associated descriptive data and contains three parcel 

layers (land, hydro and road), which enable easy access to the most common groupings of parcel 

intents (excluding the non-primary parcels). The layer has a nominal accuracy of 0.1-1m in 

urban areas and 1-100m in rural areas. As this research considers only the roads and paths for 

pedestrians, highways that allow only vehicles to access are excluded from the parcel. In the 

view in GIS, primary roads are illustrated by solid lines, while paths that are inside green 

infrastructure or can be accessed only by pedestrians are illustrated by dotted lines.  

 

4.3.4 Census data for social economics characters 

 

2013 Census data can be found from Statistics New Zealand online. The data downloaded 

and used in this research are the Excel version of 2013 Census meshblock dataset for Auckland 

                                                 
software, web GIS and geodatabase management applications.  
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region. This Census meshblock dataset was released in 2013 as the up-to-date census 

information in New Zealand. The original file contains counts at meshblock and other 

geographic levels for selected variables from the 2013, 2006, and 2001 Censuses. 

 

The meshblock dataset is added as one layer in GIS for population calculation in service 

areas. The Excel format of the meshblock is used to integrate with geographic boundary files. 

2013 Census meshblock dataset consists of a set of seven Excel workbooks for each regional 

council area. Each workbook or file contains the following geographies: meshblock, area unit, 

ward, Auckland local board area (Auckland region only), territorial authority area and regional 

council area. The variables’ files used in this research are selected from the files called 

“Individuals”, which are: (1) Individuals part 1: Census usually resident population count; 

Census night population count; Sex; Age in five-year age groups; Age in broad groups; Median 

age; Years at usual residence; Usual residence five years ago (2008) indicator; Birthplace; 

Years since arrival in New Zealand, for the overseas-born; Ethnic groups (grouped total 

responses); Six languages (total responses); Maori descent; (2) Individuals part 2: Religious 

affiliation (total responses); Cigarette smoking behaviour; Legally registered relationship 

status; Partnership status in current relationship; Tenure holder; Number of children born; 

Highest qualification; Study participation; Total personal income (grouped); Median personal 

income; Sources of personal income (total responses).  

 

In this research, nine variables from these two parts were selected under the categories of 

meshblocks and area units and are divided into three categories:  

 

(1) Age group: 2013 Census, age in broad groups, for the census usually resident population 

count9F

10 

                                                 
10 The census usually resident population count of New Zealand is a count of all people who usually live in, and were present 
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 Age under 15 

 Age between 15 to 64 

 Age of 65 and over 

(2) Ethnic groups: grouped total responses 10F

11, for the census usually resident population count  

 European 

 Māori 

 Pacific peoples  

 Asian 

 MELAA 11F

12 

(3) Total personal income (grouped) 12F

13, for the census usually resident population count age 

15 years and over  

 $5,000 or less 

 $5,001 - $10,000 

 $10,001 - $20,000 

 $20,001 - $30,000 

 $30,001 - $50,000 

 $50,001 or more 

 Median personal incomes ($)13F

14 

 

In the personal income meshblock and area unit data, a small number of areas with a median 

income of $0 and the ‘*’ symbol were shown, because the income in these areas could not be 

                                                 
in New Zealand on census night, excluding overseas visitors and New Zealand residents temporarily overseas. 
11 Includes all people who stated each ethnic group, whether as their only ethnic group or as one of several. Where a person 
reported more than one ethnic group, they were counted in each applicable group. 
12 MELAA = Middle Eastern, Latin American, and African. This was a new category introduced for the 2006 Census. Previously, 
MELAA responses were allocated to the 'other ethnicity’ category. 
13 A person’s total personal income in the 12 months ending 31 March 2013.   
14 Median total personal income is rounded to the nearest $100. For categories with small populations the median income may 
not look as expected because of the effect of random rounding. 
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calculated. For others with the symbol of ‘..C’ they refer to confidential data and are replaced 

with $0 in this research. The problem is that all data, and in particular data at more detailed 

geographic levels such as meshblocks and area units, are subject to possible statistical 

uncertainty. Statistics New Zealand stated “known as non-sample error, this uncertainty may 

result from non-response imputation, reporting difficulties for respondents, or mistakes made 

during processing survey results, for example. We use procedures to detect and minimise 

avoidable variation and to eliminate mistakes, but variations may still occur and are not easy to 

quantify.” 

 

4.4 Conclusion 

 
 

This chapter focused on setting out the research method of measuring accessibility. By 

comparing merits and demerits of four frequently used methods, a GIS-based network analysis 

method has been chosen for accessibility measurement. This method is accurate, because it uses 

the real road systems rather than ‘as-the-cow-flies’ straight lines. Besides, this research 

illustrated the method for calculating service ratio, which is an important index for accessibility 

assessment based on the features of green infrastructure. Before using the method on all 338 

green infrastructure elements, this research applied the method, especially the GIS-based 

network analysis on a pilot study in two green infrastructure elements (Watling Reserve and 

Cornwall Park) in the case study area to test its suitability. The successful implementation of 

the method in the pilot study shows that the population served in certain distances (400 metres) 

can be calculated accurately in GIS software, without the need of manually setting all the 

possibilities. After the pilot study, this method was confirmed and applied for accessibility 

measurement in all 338 green infrastructure elements. In order to explain the data sources, this 

chapter illustrated how the required data were collected, including the spatial location, 

boundaries and features of green infrastructure, maps of research areas and boundaries, road 
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data from New Zealand road system, census data for population information and social 

economics group categories. By entering all data in GIS software, results will be shown in 

Chapter 5 Research Findings. It will explain the levels of accessibility to green infrastructure 

elements in the case study area and the equity situation for different ethnic groups. 
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Chapter 5 Research Findings   

This research aims to answer the main question: How equal is walking access to well-

equipped green infrastructure elements for different demographic and social-economic groups 

in the case study area (central Auckland)? This key research question is important for 

understanding whether the social functions of well-equipped green infrastructure elements 

could be delivered by equal access in walking distances in the case study area. Equally 

providing users social services is the guarantee of a better quality of life. Therefore, using the 

methodology developed in Chapter 4, this research is arranged in three parts to address the main 

question: 1) Distribution of green infrastructure elements; 2) Accessibility levels of green 

infrastructure elements; 3) Accessibility-based equity of green infrastructure elements. The 

related sub-questions answered are as follows:  

 

 How is the distribution of green infrastructure elements is in central Auckland? 

 How accessible to residents by walking to green infrastructure elements in central 

Auckland? 

 How equal is the best accessibility to green infrastructure elements in central 

Auckland?  

 

The findings of distribution are arranged in the first part, because the numbers, sizes, types 

and distribution of green infrastructure are the key information to understand whether they are 

equally located in the case study area. Only when they are equally distributed, is it easier for 

them to be equally accessed. However, general equal distribution does not mean that equity is 

achieved, considering the different conditions of each green infrastructure element. The 

research findings aim to test whether well-equipped green infrastructure elements are located 

equally. For urban planners, knowing where the well-equipped and poorly-equipped green 
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infrastructure elements are is helpful for further redevelopment and improvement to enhance 

their service capability.    

 

Knowing exactly where different types of green infrastructure elements with various facility 

conditions are located, their service ability could be calculated using the method in Chapter 4. 

This research calculated the accessibility of green infrastructure elements, using their entrances 

as the starting points. The criteria for good or bad accessibility depend on the ratio of people 

for whom green infrastructure elements could provide service in service areas in certain walking 

distances. In the same range of walking distance, the population varies in each sub-area, due to 

different population density and the number of green infrastructure elements in that area. Thus, 

the research results present how many people can be served in the case study area and how 

many cannot. The more people covered in the service areas, the more accessibility green 

infrastructure elements have. These results, showing different levels of accessibility of green 

infrastructure elements, are useful for planning improvements for residential areas. 

 

Social equity means that everyone in society has the same right to enjoy the services 

provided by public facilities. The third part of the research findings analyses accessibility-based 

equity to green infrastructure elements, using the data of served population in five minutes’ 

walking distance. This level represents the best accessibility, as five minutes’ walk is the easiest 

walking distance that people are willing to take to the nearest places for daily recreational and 

physical activities. The analysis of their age, ethnic groups and income is included. The service 

ratios of these different groups of people show whether the well-equipped green infrastructure 

elements are serving everyone equally. If not, which groups are the least served. Knowing the 

groups that have unequal access to well-equipped green infrastructure elements provides the 

guidance and reference for the consideration of building more green infrastructure elements or 

improving the facilities in the existing ones to deliver overall liveability.  
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5.1 Distribution of green infrastructure elements 

 

As argued earlier, green infrastructure elements play an important role in enhancing urban 

liveability. They are closely connected to residents’ daily lives, bringing both social and 

ecological benefits. The number and overall distribution of green infrastructure elements in a 

city is one of the most important criteria and indicators for assessing urban liveability and 

building an eco-city. It helps planners and designers understand the overall distribution of green 

infrastructure elements in urban areas, which is necessary for assessing the conditions of 

different types of green infrastructure elements and whether they are equally distributed. Only 

when equally distributed can these green infrastructure elements deliver social benefits to the 

users.  

 

The findings of this research start with the overall distribution of green infrastructure 

elements in the case study area, providing a general understanding of the conditions of the 338 

green infrastructure elements. With more detailed distribution in the following sections, a clear 

view of different situations of their distribution, especially for the distribution of well-equipped 

green infrastructure elements, will be addressed to show the distribution of green infrastructure 

elements in central Auckland. 

 

5.1.1 Overall distribution of green infrastructure elements in the case study area 

 

Before the detailed analysis of findings, it is necessary to describe the overall distribution of 

green infrastructure elements in the entire case study area. Figure 24 shows a relatively equal 

distribution of entrances to the 338 green infrastructure elements identified in central Auckland. 

Table 8 shows that the total population of Auckland’s central area to be 413,580 based on 2013 
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Figure 24 Distribution of 338 green infrastructure elements in the case study area (Author) 
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census data. The size of the study area and green infrastructure (GI) area is 149.75 km2 and 

16.18 km2 respectively, according to the calculation using GIS software and GIS viewer area 

calculation tools. Overall, the green infrastructure accounts for 10.8% of the study area, which 

is 39.12 m2 per person in the study area.  

 

Table 8 The overall distribution of green infrastructure elements in the case study area 
 

Case study area Population Area 
(km2) 

Number 
of GI 

Area of GI 
(km2) 

GI per capita 
(m2) 

Central 
Auckland 

413,580 149.75 338 16.18 39.12 

 

Key information required to understand any differences in the distribution of green 

infrastructure ratio and per capita (m2/pp) is essential to understand the equity of access to green 

infrastructure elements of the five sub-areas (the CBD, the Western area, the Middle area, the 

Southern area and the Eastern area) (Column A), area (Column B), total population (Column 

C), population density (/km2) (Column D) displaying one dot as four people in Figure 25, 

number of GI elements (Column E) and area of GI elements (Column F). Also shown are the 

GI ratio (Column G) and GI per capita (Column H). Table 9 shows that as the area of a sub-

area increases, the population density decreases. Among these five sub-areas, the CBD is the 

greatest density area, two times denser than the Western and the Middle areas and nearly three 

times denser than the Southern and the Eastern areas, while the Eastern area is the lowest 

density area, with 6,343 and 2,409 people per kilometre respectively. Meanwhile, figures from 

Column E and F display clearly that the larger the sub-area, the more GI elements it contains. 

The CBD has the least GI elements, while the Eastern area has the most (8 and 123 

respectively).  

 

Figure 26 is a graph showing the ratio and per capita of GI elements in the five sub-areas, 

which are important to illustrate the distribution of GI elements. It shows that with a larger 
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Table 9 The GI ratios and GI per capita for the sub-areas and total for central Auckland 

Column A Column B Column C Column D Column E Column F Column G Column H 
Sub-areas Area (km2) of 

sub-areas 

Population of sub-

areas 

Population 

density (/km2) 

Number of GI Area (km2) of 

GI 

GI ratio (%) GI per capita 

(/m2) 

CBD 4.94 31,335 6,343 8 0.24 4.86 7.66 
Western Area 12.35 39,492 3,197 42 1.21 9.80 30.64 
Middle Area 26.32 85,074 3,232 71 3.45 13.11 40.55 
Southern Area 42.29 103,803 2,454 94 4.12 9.74 39.69 
Eastern Area 63.85 153,876 2,409 123 7.16 11.21 46.53 
Total 149.75 413,580 2,761 338 16.18 10.80 39.12 
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Figure 25 Population density distribution in the case study area (Author) 
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population in the CBD area, the average GI per person is much lower than in the other four 

areas. It is 7.66 square metres GI elements per person in the CBD, while does not meet the 9 

square metres green space per person in cities in the standard of World Health Organisation 

(W.H.O) (Figure 27). With a relatively small population and low density, the other four sub-

areas have more GI elements, which are from 30 to 46 square metres per capita. In terms of GI 

ratio, the CBD area has a relatively small amount (4.86%) compared with the other four sub-

areas, while the Middle area has the largest proportion (13.11%). 

 

The distribution of GI elements in the five sub-areas is displayed in five figures in Figure 

28.  It shows an obvious trend that with the denser population in the city centre, GI is limited 

in terms of number, area and per capita. However, the areas more distant from CBD area have 

larger numbers of GI elements. 
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Figure 26 GI ratio and per capita in the five sub-areas in central 
Auckland (Author) 
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Figure 27 Green space per person in cities of the world 

(Source: http://www.skyscrapercity.com/showthread.php?t=1660203)  
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a. GI entrances in Western area 

b. GI entrances in Middle area 

c. GI entrances in CBD area 

d. GI entrances in Southern area e. GI entrances in Eastern area 

Figure 28 Distribution of GI elements in five sub-areas in central Auckland (Author) 
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5.1.2 Distribution of four types of green infrastructure elements 

 

In order to achieve the research goals, identifying green infrastructure in central Auckland 

is critical. The green infrastructure refers to facilities that are in public ownership with many 

types such as reserves, parks, gardens, domains and beach areas as discussed and defined in 

Chapter 3. Collectively, these various types are referred to as green infrastructure elements. 

This research identifies where and which types of green infrastructure elements are distributed 

in the five sub-areas. 

 

5.1.2.1 Four types of GI elements 

 

The total number of green infrastructure elements measured in this case study area is 338, 

divided into four categories in different sizes, taking the classification from New Zealand 

Recreation Association (NZRA) as a reference. In order to match the purpose of this research, 

the classification of four types of GI elements is slightly different to NZRA’s categories. They 

are Public Garden (area less than 2,000 m2), Neighbourhood Green Infrastructure 

(Neighbourhood GI, area between 2,000 m2 and 15,000 m2), Sports and Recreation Green 

Infrastructure (Sports and Recreation GI, area between 15,000 m2 and 30,000 m2), and Natural 

Green Infrastructure (Natural GI, area above 30,000 m2). The overall distribution of these four 

types of GI elements can be seen in Figure 29. 

 

It is important to know the features and facility types of each class of green infrastructure as 

different types of GI elements have various functions. Distinguishing their functions is 

beneficial for better management and also for maximising their social service abilities, such as 

physical activities for neighbourhood citizens, relaxation and social contact.  
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Figure 29 Distribution of four types of GI elements in five sub-areas (Author) 
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Table 10 is the classification and features of the 338 GI elements. It shows that for Public 

Garden of 2,000 square metres and less, there are 47 in the case study area. The main purpose 

of this type of GI elements is for relaxation for the local community, either in the city centre or 

in neighbourhood areas. With a smaller size, they often have limited function with fewer 

facilities. However, this type of GI plays a vital role in denser population areas, if maintained 

with high quality amenities. The second category is Neighbourhood GI, area between 2,000 

square metres to 15,000 square metres. With the increased area, there is a scope for more 

facilities. There are 147 of this type, which accounts for the largest number of GI elements 

among the four types in the case study area. This type of GI is intended for use by the local 

residential community and ideally should be within a 500-metre radius of urban residential 

properties, according to the standards of Accessible Natural Greenspace Standards (ANGSt). 

They often provide open grass areas suitable for small scale ball play, children’s play 

equipment, youth recreation facilities e.g. basketball courts, seating, amenity lighting, paths and 

attractive amenity planting (NZRA, 2011). With proper management and maintenance of the 

facilities inside, they deliver the greatest social functions to the neighbourhoods.  

 

The third category is Sports and Recreation GI with the area between 15,000 and 30,000 

square metres. Only 38 of them have been built in the case study area. They are designed and 

used for sport and recreation, and are often multi-use, providing a range of community activities 

and facilities. The features that Neighbourhood GI and Sports and Recreation GI have in 

common are that some may contain playing fields for causal use and which may be booked for 

regular sports code use, while others may contain buildings used for local community and 

recreation functions. Toilets, changing facilities and car parking are likely to be available and 

some may have resident club facilities (NZRA, 2011). The fourth category is Natural GI (with 

a number of 106) with the feature of a large area above 30,000 square metres (three hectares). 

The primary purpose of this type of GI element is to provide opportunities for people to 
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Table 10 Classification and features of GI elements 

Types of GI Area (M2) Number Features 

Public Garden <2,000 47 Horticultural collections for relaxation or contemplation, education and/or amenity 

Neighbourhood GI 2,000-15,000 147 Local, informal recreation, play and amenity space 

Sports and Recreation GI 15,000-30,000 38 Sport and recreation activity, recreation facilities and buildings, often multiple use 

Natural GI >30,000 106 Experience and/or protection of the natural environment: native bush, coastal, 
forestry, farm parks, wetlands and water bodies  
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experience nature, including native bush areas, wetlands, coastal and lake margins, esplanade 

and restoration areas. It is different to a National Park which covers larger area (between 50,000 

to 150,000 square metres/5-15 hectares), because National Parks generally are limited to low 

impact activities such as walking and bike tracks. 

 

In conclusion, Neighbourhood GI has the largest number satisfying the daily needs for 

nearby residents in walking distance. The larger the area of the GI elements, the more facilities 

they have and the more functions they can provide. GI elements are not only available on a 

daily basis, but also attract more users for large-scale recreational use and formal physical 

activity.  

 

5.1.2.2 Distribution of four types of GI elements 

 

The overall distribution of GI elements is relatively equal according to the data in Table 8. 

This section continues to illustrate more details for distribution of the four types of GI elements 

(Public Garden, Neighbourhood GI, Sports and Recreation GI and Natural GI) in the five sub-

areas (CBD, the Western area, the Middle area, the Southern area and the Eastern area). Table 

11 is the number, area and ratio of four types of GI elements in each sub-area. As the sizes of 

the five sub-areas are different, larger areas normally contain more GI elements than smaller 

ones. Using only number and area is not enough to show the coverage rate of different types of 

GI elements. It is necessary to use GI ratio, which means the percentage of GI elements in each 

sub-area, to show its proportion. 

 

To explain the details in Table 11, three graphs are illustrated in Figure 30, Figure 31 and 

Figure 32. Figure 30 and Figure 31 show the number and area of four types of GI elements in 

the five sub-areas, while Figure 32 shows the GI ratio. The obvious trend for the three figures 
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Table 11 Number, area and ratio of four types of GI elements in five sub-areas 

Area Area 
of sub-
areas 
(km2) 

Public Garden Neighbourhood GI Sports and Recreation GI Natural GI 

Number Area 
(km2) 

GI 
ratio 
(%) 

Number Area 
(km2) 

GI 
ratio 
(%) 

Number Area 
(km2) 

GI 
ratio 
(%) 

Number Area 
(km2) 

GI 
ratio 
(%) 

CBD 4.94 1 0.0016 0.03 4 0.0321 0.65 0 0 0.00 3 0.2082 4.21 

Western 12.35 14 0.0115 0.09 17 0.1163 0.94 1 0.0191 0.15 10 1.0594 8.58 

Middle 26.32 15 0.0143 0.05 32 0.1885 0.72 10 0.2081 0.79 14 3.0382 11.54 

Southern 42.29 10 0.0121 0.03 41 0.2365 0.56 10 0.2059 0.49 33 3.6626 8.66 

Eastern 63.85 7 0.0112 0.02 53 0.4052 0.63 17 0.3861 0.60 46 6.3586 9.96 
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is that with the increase in area, the number, area and ratio of GI are also increasing. Taking 

number and area as examples, the CBD area has the lowest number and amount of GI elements, 

while the Eastern area has the most. In terms of types, most Neighbourhood GI and Natural GI 

are distributed in the Eastern and the Southern areas, which are 53, 46 and 41, 33 respectively, 

while the CBD area has only 4 and 3 of them. On the other hand, most Public Garden and Sports 

and Recreation GI is located in the Middle and the Eastern areas. There is only one Public 

Garden located in the CBD area and only one Sports and Recreation GI in the Western area and 

none in the CBD area. Due to the different areas of each sub-area, the number and area of GI 

elements are not enough to examine the distribution. Ratio data should be considered to show 

the percentage of GI in each sub-area.  

 

From Figure 32, it is obvious that Natural GI accounts for the largest proportion in every 

sub-area, due to its large area among the four types. The largest proportion (11.51%) of Natural 

GI is in the Middle area, and the second largest is in the Eastern area. The Western and the 

Southern areas share similar proportions, which are 8.58% and 8.66% respectively, while the 

CBD has the smallest, which is 4.21%. Neighbourhood GI elements (146) accounts for the 

second largest proportion, although its proportion is dramatically different to Natural GI. In the 

five sub-areas, the highest proportion (0.94%) of Neighbour GI is in the Western area, though 

the number is only 1/3 of the GI in the Eastern area (17:53). The other four areas have similar 

proportions around 0.6-0.7%.  

 

The ratio of the third type of GI elements (Sports and Recreation GI) is the highest in the 

Middle area (0.79%). Smaller but similar proportions are in the Southern and the Eastern areas 

(0.56% and 0.72%). The lowest proportion is in the Middle area, which accounts for only 

0.15%. For the last type of GI elements (Public Garden), the highest proportion is in the Western 

area with 0.09%, while the smallest proportions are in the CBD, the Southern and the Eastern 
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    Figure 30 Numbers of four types of GI elements in the five sub-areas (Author) 

 

 

   Figure 31 Area (km2) of four types of GI elements in the five sub-areas (Author) 

 

 

   Figure 32 Four types of GI ratio (%) in the five sub-areas (Author) 
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areas, with the proportions of 0.03%, 0.03% and 0.02% respectively.   

 

In conclusion, from the point of number and area, the best distributional areas of Public 

Garden are the Western and the Middle areas and the worst is the CBD area. For Neighbourhood 

GI and Natural GI, the best areas are the same, both the Southern and the Eastern areas and the 

worst is also the CBD area. Sports and Recreation GI elements are distributed best in the Eastern 

area and worst in the CBD area, with no elements at all.  

 

In terms of ratios, the highest coverage of Public Garden is in the Western area, while the 

other three areas, the CBD, the Southern and the Eastern areas, have relatively low coverage. 

For the Neighbourhood GI, the highest and lowest coverage is in the Western and the Southern 

areas. It is the same for Sports and Recreation GI and Natural GI, for which the highest and 

lowest coverage is in the Middle and the CBD areas. Thus, the results show that only number 

and area of GI in the case study area are not enough to test the distribution. GI ratio or GI 

coverage in the sub-area it belongs to should also be considered. The higher proportion in each 

sub-area refers to more coverage of GI elements in that sub-area. Furthermore, with a relatively 

larger number, the GI elements will serve more users. 

 

5.1.3 Distribution of green infrastructure elements with facilities  

 

Green infrastructure elements provide many opportunities for social contact, physical 

activity and recreational use and can help people of all ages lead a more active lifestyle. 

Research shows that people who live near green infrastructure are more likely to be active. They 

have expectations of basic furnishings, including benches, tables, signage, water fountains, 

cooking grills, playgrounds, sports fields and so on (Kaczynski, Potwarka, & Saelens, 2008). 

These facilities enhance the usage of green infrastructure elements and become the core 

features. Making recreational facilities in a variety of types and more accessible to all 
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communities is a critical strategy for increasing physical activity and people’s quality of life. 

There are also some figures showing that populations at high risk of obesity, including people 

who live in lower-income communities and communities of different ethnic groups, tend to 

have less access to quality parks and recreation facilities (Kaczynski et al., 2008). Thus, 

distinguishing the facilities in each green infrastructure element helps identify the conditions of 

GI and also helps examine the distribution of high and low equipped GI elements for future 

maintenance, improvement and replacement. In this research, facilities of green infrastructure 

elements are divided into two main type: active facility and passive facility. In some research, 

these two types can also be called facility and amenity (Kaczynski et al., 2008). Table 12 shows 

the features and functions of these two main types of facilities in GI elements according to the 

fieldwork. Active facilities area features of GI elements that are primary settings for physical 

activity (e.g., playgrounds, sports fields, courts for different types of sports such as tennis, 

cricket, rugby, basketball, skate parks and swimming pools). Figure 33 shows the examples of 

active facilities in Auckland Domain, Keith Hay Reserve, Kupe Reserve, Victory Park, War 

Memorial Park and Western Spring Park. Passive facilities in Figure 34 refer to the facilities 

that can support physical activity (e.g., drinking fountains, bathrooms, shower rooms, 

 

Table 12 Features and functions of two main types of facilities of GI elements 

Facility type Facilities Functions 

Active 
facility 

Playgrounds, sports field, tennis 
court, basketball court, cricket 
nets, skate park, fitness 
equipment, boat ramp, swimming 
pool, historical buildings, cafés 

Enhance opportunities for physical 
and recreational activities; 
Provide chances for social gathering; 
Provide places for sports training and 
competition. 

Passive 
facility 

Chair, bathroom, shower room, 
BBQ, drinking fountain, parking, 
sculpture, pavilion  

Provide basic assistance for physical 
activity; 
Enhance opportunities for social 
gathering;  
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h. Playing field in Auckland Domain g. Tennis court in Kupe Reserve 

f. Skate park in Victory Park e. Fitness equipment in War Memorial Park 

d. Playground in Western Spring Lakeside Park c. Playground in Victory Park 

b. Cricket wickets in Keith Hay Reserve a. Playing field in Auckland Domain 

Figure 33 Active facilities (Author) 
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h. Fountain in Albert Park g. Pavilion in Auckland Domain 

f. Café in Auckland Domain  e. Historical building (museum) in Auckland Domain 

d. Duck pond in Auckland Domain c. Parking lot in Victory Park  

b. Barbeque in Western Spring Lakeside Park a. Toilets in Victory Park 

Figure 34 Passive facilities (Author) 
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parking lots and sculptures) and can provide places for social gathering (e.g., barbeques, chairs, 

pavilions, historical buildings and restaurants). 

 

It is well known that facility in GI elements plays a vital role in providing better social 

functions. The more advanced the facility, the better service GI elements could provide. With 

both active and passive facilities provided, physical activity (sports, games and competitions), 

social activity (performances and show grounds) as well as social gathering (family picnics, 

chatting and walking) will be guaranteed. The activity in GI elements is enhanced by passive 

facilities, such as drinking fountains, chairs, bathrooms, changing rooms, shower rooms and 

parking lots. It is more likely that users will access GI elements with advanced facilities. 

However, the ability of providing social function decreases if the facility does not meet the 

demand. GI elements with only active facility or passive facility provide limited opportunities 

for the activities mentioned above. Places without playgrounds, sports fields, and fitness 

equipment have less attractiveness to the users, especially children and young adults. The 

following photos show two examples of GI elements that have no facilities inside (Figure 35). 

Kerr Taylor Reserve in the Middle area and Freeland Reserve in the Southern area could 

provide absolutely no social functions to users, either living close or far away. This research 

identifies GI elements with these different groups of facility and analyses their distribution 

conditions in the following section. 

 

5.1.3.1 Distribution of GI with different facilities  

 

The analysis of distribution of GI elements with different types has been illustrated in section 

5.1.2. The result shows that for four types of GI elements, the highest percentage of coverage 

of Public Garden and Neighbourhood GI is in Western area, while the highest percentage of 

coverage of Sports and Recreation GI and Natural GI is in Middle area. The result gives a clear 
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idea of the distribution of GI elements, showing which areas have the best and worst coverage 

of GI elements. However, to test the equal distribution of well-equipped GI elements, facility 

conditions must be taken into account. This section analyses the general and specific 

distribution of different types of GI elements with facilities according to the facility categories 

above. The result further explains the distribution of GI elements. 

 

As active and passive facilities have different features and functions, the conditions of GI 

elements in this section have been categorised into four groups (Figure 36). GI with only active 

facilities (active facility), GI with only passive facilities (passive facility), GI with both active 

and passive facilities, which is also the highest quality of GI (active and passive facility), and 

GI with nothing inside, which is known as the poorest quality of GI (no facility). Figure 36 

shows the ratios of 338 green infrastructure elements with the four groups of facilities. The 

c. Kerr Taylor Reserve (Author) 

a. Freeland Reserve (Author) b. Freeland Reserve (Author) 

d. Kerr Taylor Reserve (Author) 

Figure 35 GI elements with no facilities (Author) 
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figure shows that the well-equipped ones (active and passive facility) account for almost half 

of all GI elements (176 which accounts for 52%). GI elements with either active facilities or 

passive facilities account for 5% and 18% respectively (18 and 61 in number). No facility GI 

elements account for 25% of all GI elements, which means one quarter of GI elements have 

neither active facility nor passive facility inside in a relatively high proportion. The map of this 

distribution of GI elements with facilities is shown in Figure 37. 
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Figure 36 Four groups of GI ratios with different facility conditions in a 
total number of 338 GI elements (Author) 
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     Figure 37 Distribution of facilities by type within GI elements in the five sub-areas (Author)  
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Error! Reference source not found. shows the proportion of GI elements with four types 

of facility conditions in the five sub-areas. It shows that the largest figure (63%) is the GI 

elements with passive facility in CBD area, while the smallest percentage (0%) of no facility in 

this area, which shows none of the GI elements has absence of facility. Although around half 

the GI elements possess active and passive facility in the five sub-areas except the CBD area 

(which is 38%), almost 1/3 of GI elements show the absence of any facility in the Southern and 

the Eastern areas, 28% and 30% respectively. For GI elements with active and passive facility 

in the five sub-areas, the highest proportion (59%) exists in the Western area. 

 

In summary, half the GI elements have active and passive facility, which means they are 

able to provide the best opportunities for users to enjoy social activities with well-equipped 

facilities and amenities. However, in the Southern and the Eastern areas, a considerable number 

of GI elements still do not have any facility. Little or no opportunity for social services is 

provided by these GI elements for the users in surrounding neighbourhoods. 
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Figure 38 Graph of ratio of GI elements with four types of facility 
conditions in the five sub-areas (Author) 
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5.1.3.2 Distribution of four types of GI with facilities 

 

Distribution of four types of GI elements (referred to as Public garden, Neighbourhood GI, 

Sports and Recreation GI, and Natural GI) and facility conditions (known as no facility, active 

facility, passive facility, and active and passive facility) have been analysed in previous sections 

separately. For every in-depth analysis, the figures are changing, which means GI elements with 

specific functions have been limited by their physical features. The analysis of different types 

of GI elements shows which types have the best and worst functions by illustrating the facility 

conditions. These findings are critical components for understanding the most detailed 

distribution of GI elements.  

 

 Table 13 shows the numbers and ratios of four types of GI elements with facility conditions 

in the five sub-areas. To illustrate these clearly, Figure 39 displays four pictures, showing GIS 

maps of four types of GI elements with facility conditions. In order to compare each type of GI 

element, Figure 40 lists four bar charts for GI ratio comparison. 

 

The four bar charts (A, B, C and D) illustrate the percentage of distribution of four groups 

of facility conditions (GI with no facility, active facility, passive facility and active and passive 

facility) in four types of GI (Public Garden, Neighbourhood GI, Sports and Recreation GI, and 

Natural GI) in the five research sub-areas (CBD, Western, Middle, Southern and Eastern). Bar 

chart A in Figure 40 shows the proportion of different facility conditions in Public Garden in  

the five sub-areas. The largest figure (100%) indicates that Public Garden in the CBD area all 

have passive facility, while this percentage in other areas is lower than 40 percent. The second 

largest percentage (57%) is the GI elements without any facility in the Eastern area. This type 

of GI element has a comparatively high percentage in the Western and the Southern areas. 

However, GI elements with active facility show lower percentages (14% and 7%) and only exist 
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in the Western and the Middle areas. More reasonably, GI elements with either passive or active 

facility have a certain distribution in the research areas, except CBD area. It can be concluded 

that in the Western, the Southern and the Eastern areas, around a third of Public Garden has no 

facility, which may decrease the opportunities of accessing these places. In both the Southern 

and the Eastern areas, Public Garden does not have any active facility. 

 

Bar chart B in Figure 40 illustrates the proportion of Neighbourhood GI with four types of 

facility conditions in five sub-areas. In these sub-areas, the CBD area has the largest figure 

(75%) of GI elements with passive facility, but the smallest percentage (0%) of GI with no 

facility and active facility. In contrast, the Middle, the Southern, the Western and the Eastern 

areas possess a larger number of GI elements with well-equipped facilities (active and passive 
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Table 13 Numbers and ratios of four types of GI elements with facilities in the five sub-areas 

GI Type Sub-area GI in sub-
area 

No facility Active facility Passive facility Active and Passive facility 
Number  Ratio (%) Number  Ratio (%) Number Ratio (%) Number Ratio (%) 

Public 
Garden 

CBD 1 0 0% 0 0% 1 100% 0 0% 

Western 14 4 29% 2 14% 5 36% 3 21% 

Middle 15 1 7% 1 7% 5 33% 8 53% 

Southern 10 3 30% 0 0% 4 40% 3 30% 

Eastern 7 4 57% 0 0% 1 14% 2 29% 
Neighbour-
hood GI 

CBD 4 0 0% 0 0% 3 75% 1 25% 

Western 17 5 29% 1 6% 1 6% 10 59% 

Middle 32 8 25% 1 3% 8 25% 16 50% 

Southern 41 16 39% 1 2% 3 7% 21 51% 

Eastern 53 20 38% 4 8% 10 19% 19 36% 
Sports and 
recreation 
GI 

CBD 0 0 0% 0 0% 0 0% 0 0% 

Western 1 0 0% 0 0% 1 100% 0 0% 

Middle 10 1 10% 0 0% 2 20% 7 70% 

Southern 10 0 0% 1 10% 0 0% 9 90% 

Eastern 17 5 29% 0 0% 1 6% 11 65% 
Natural GI CBD 3 0 0% 0 0% 1 33% 2 67% 

Western 10 0 0% 1 10% 1 10% 8 80% 

Middle 14 1 7% 0 0% 1 7% 11 79% 

Southern 33 7 21% 4 12% 3 9% 19 58% 

Eastern 46 8 17% 2 4% 10 22% 26 57% 
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Figure 39 Distribution of four types GI elements with facility conditions in the five sub-areas (Author) 
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Figure 40 Ratios of distribution of four types of GI elements in the five sub-areas with facility conditions (Author) 
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facility) referring to 59%, 55%, 50% and 47% respectively. Meanwhile, GI with no facility in 

these four areas is the second-largest figure except in the Eastern area, where GI with no facility 

and with active and passive facility maintain similar proportions (38% and 36% respectively). 

The smallest part in the five sub-areas is the GI elements with active facility, which accounts 

for less than ten percent in total. It is clear that GI elements in the CBD area all have facility, 

but in other areas a larger number of Neighbourhood GI do not have any facility. 

 

Bar chart C in Figure 41 shows that for the 38 Sports and Recreation GI, 99% of GI elements 

are located in the Middle, the Southern and the Eastern areas, with a relatively high proportion 

(70%, 90% and 65% respectively) of well-equipped facilities. However, the highest amount of 

GI elements with no facility (29%) remains in the Eastern area. The figure indicates a well 

presented facility conditions in these GI elements. 

 

The last bar chart (D), Natural GI shows a good facility condition of GI elements. In all five 

sub-areas, more than half of Natural GI elements are equipped with advanced facilities. To be 

more precise, the figures indicate that eight out of ten GI elements in the Western area and 11 

out of 14 GI elements are well-equipped with both active and passive facilities. The percentages 

of well-equipped GI elements account for around 80%. While in the Southern and the Eastern 

areas, although they have a large number of GI elements (33 and 46), only half of them (58% 

and 57% separately) have the best facility conditions. The most GI elements with passive 

facilities are located in the Eastern area, accounting for one fifth of the total number. Similarly, 

the most GI elements with no facilities are also located in the Southern and Eastern areas. 

 

By viewing all figures in these four charts, it can be concluded that four types of GI elements 

with the best facility conditions are in the Middle, the Western and the Southern areas. Only a 

small number of GI elements have active facilities for sports. Most of them are equipped only 
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with passive facilities, such as benches, toilets, paths or drinking fountains. Nearly one quarter 

of them have no facilities inside. Moreover, the conditions are worse in smaller area of GI 

elements, such as Public Park and Neighbourhood GI, rather than in larger areas. 

 

Knowing the distribution of green infrastructure elements in the five sub-areas, it is 

necessary to test the accessibility levels in walking mode. It helps identify the service ability 

for each type of GI element. The result indicates how many people could access well-equipped 

GI elements in a short distance.  

 

5.2 Accessibility to green infrastructure elements  

 

This research tests the distribution of well-equipped green infrastructure elements to see 

whether a good provision of opportunities is promoted in the city as demonstrated in 5.1. When 

easily reachable by the users, the role of green infrastructure is recognised in the quality of 

urban life. 

 

To answer the research questions, this research tests whether the social function of green 

infrastructure has been well considered by measuring the accessibility levels. The functionality 

of green infrastructure is equally influenced by the location and distribution in the city (Haq, 

2011). In order to improve urban liveability, it is necessary to enhance the quality of green 

infrastructure to increase the physical access to it. Environmental considerations concerning 

physical activity and health are directly influenced by how recreation areas and facilities are 

provided and managed (Neuvonen et al., 2007), as the most typical close-to-home activity is 

walking for pleasure or fitness. Besides, in light of this, this research uses three levels of 

walking modes (5, 10 and 15 minutes’ walk) to answer the research question of how accessible 

from residents by walking to green infrastructure elements in central Auckland.  
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The method used in this section is based on GIS Network Analysis (Chapter 4), following 

these steps: collecting the data of green infrastructure access points (entrances), boundaries, 

census data and street networks, adding these data to ArcGIS 10.2 in different layers, 

identifying the entrances as origins, making different settings to implement GIS analysis in 

walking mode and travel distance (three levels) along the street networks. Within the selected 

service areas, population data is clipped14F

15  as the results to show levels of accessibility. 

According to the research purpose, network analysis method is used only in the walking mode 

along the real road systems. Three levels of walking distances are referenced from the standards 

of Accessible Natural Greenspace Standards (ANGSt) at 400 metres (5 minutes’ walk), 800 

metres (10 minutes’ walk), and 1,200 metres (over 15 minutes’ walk). With different walking 

distances, it addresses good access (400 m), average access (800 m) and poor access (1,200 m).  

 

5.2.1 Overall accessibility to green infrastructure elements  

    

In order to make the analysis clearly understandable, this research uses the term ‘service 

area’ and ‘service ratio’ to illustrate the capacity of GI elements. The service area refers to the 

area that green infrastructure elements offer for social functions in certain walking distances, 

while the service ratio means the percentage of the population living in the service area. It 

clearly shows how many people can be served by GI elements in each sub-area. From the 

research method in chapter 4, the walking distance is classified in three levels (5 minutes/400 

metres, 10 minutes/800 metres, and 15 minutes/1,200 metres). The GIS-based method generates 

the routes according to these three levels from the entrances of each GI element using network 

analysis tool and then calculates the population living within the service areas. For example, 

                                                 
15 Clip is a command in GIS that extracts features from one feature class that reside entirely within a boundary defined by 
features in another feature class. 
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the served population in 5 minutes’ walking distance means the people who can access to the 

nearest GI element within 400 metres along the calculated routes. 

 

Table 14 shows the service areas accessible to the total population at 5, 10 and 15 minutes’ 

walking distances in the case study area. For all of the 338 GI elements, the served populations 

in the study area are 360,147, 405,801 and 408,513 respectively. The service ratios are 87.08%, 

98.12% and 98.77%, which means a high service capability of GI elements.  

 

To see the detailed service ratios clearly, the key information needed is the service 

population in the five sub-areas. Table 15 shows the percentage of the total population in the 

service areas at 5, 10 and 15 minutes’ walking distances for each of the five sub-areas (Column 

A), service population in five minutes’ walk (Column B) and its service ratio (Column C), 

service population in 10 minutes’ walk (Column D) and its service ratio (Column E) and service 

population in 15 minutes’ walk (Column F) and its service ratio (Column G). These figures in 

the bar chart in Figure 42 shows that the service areas reached in a five minutes’ walk in the 

Middle and the Western areas are over 100 percent (114.54% and 105.70% respectively). It
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Table 14 Total GI service area accessible to population at 5, 10 and 15 minutes’ walking distances in the study area 

Number 
of GI 

Area 
of GI 
(km2) 

Total 
study area 
(km2) 

Total 
population in 
study area 

GI per 
capita 
(m2) 

Served 
population in 5 
minutes’ walk 

Service 
ratio 
(%)* 

Served 
population in 10 
minutes’ walk 

Service 
ratio 
(%) 

Served 
population in 15 
minutes’ walk 

Service 
ratio 
(%) 

338 16.18 149.75 413,580 39.12 360,147 87.08 405,801 98.12 408,513 98.77 

          *Service ratio (%): percentage of the population living in the service areas at 5, 10 and 15 minutes’ walking distances 
 
 
 
Table 15 The percentage of the total population accessing to GI elements at 5, 10 and 15 minutes’ walking distances in the study area 

Column A Column B Column C Column D Column E Column F Column G 

Sub-areas served 
by GI elements 

Population in 
service area (5’)* 

Service ratio 
(%)** 

Population in 
service area (10’) 

Service ratio (%) Population in 
service area (15’) 

Service ratio 
(%) 

CBD 23,967 76.49 36,264 115.73 45,969 146.70 

Western Area 41,745 105.70 51,144 129.50 65,502 165.86 

Middle Area 97,446 114.54 125,994 148.10 152,967 179.80 

Southern Area 97,902 94.32 122,073 117.60 137,052 132.03 

Eastern Area 118,524 77.03 143,550 93.29 160,608 104.37 

Total 360,147 87.08 405,801 98.12 408,513 98.77 

          *Service area (5’)/(10’)/(15’): population in the area served by GI in five minutes/ten minutes/15 minutes’ walking distances 
          **Service ratio (%): percentage of the population living in the service areas at 5, 10 and 15 minutes’ walking distances
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means the service areas in this walking distance not only cover all of the population in these 

areas, but also include a small part of the population in other areas, who live close to the 

boundary lines between the two areas. Figure 42 shows that the service ratios in a five minutes’ 

walking distance in the Western area and the Middle area are among the highest service level. 

By contrast, the service ratio in the Southern area is minor and in the CBD and the Eastern area 

the service ratios are at a lower level (76.49% and 77.03% respectively). From the service ratio 

in a ten minutes’ walking distance, more people are covered in the service area in all of the 

areas except the Eastern area, which shows that the accessibility to green infrastructure elements 

is the best (100%).  

 

The result of the service ratio in a 15 minutes’ walking distance indicates that all of the 

population is covered in this service area, which shows that all residents are able to reach green 

infrastructure elements in 15 minutes’ walk. The adequate time people take to access green 

infrastructure is 5-10 minutes and an acceptable walking distance of human beings in this time 

period is 0.5-1.0 kilometres. This shows that the accessibility in a 15 minutes’ walking distance 

is relatively low, although all of the population is covered in the service areas within this 

walking distance.   

 

Figure 43 illustrates how a large population can access the service delivered by GI elements 

in the five sub-areas in three different walking distances. Among three levels of distances in the 

five sub-areas, 15 minutes’ walking distance shows the greatest service ratio (over 100%), 

which means all the population is covered in GI’s service within this distance. The other two 

walking distances show lower service ratios. More specifically, in the CBD and the Eastern 

areas the 5 minutes’ walking distance covers less than 80% of the population who live in these 

areas. Almost five percent of people in the Southern area cannot access GI elements in five 

minutes’ service distance. Although 10 and 15 minutes’ walking distances show a larger 
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Figure 42 Service areas in three layers at 5, 10 and 15 minutes' walking distances in the five sub-areas in central Auckland (Author) 
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percentage of service ratio, 5 minutes’ service ratio in the CBD and the Eastern areas are 

relatively low.  

 

5.2.2 Accessibility levels of green infrastructure in four categories 

 

Referenced from the classification of green infrastructure in New Zealand Recreation 

Association (NZRA), GI elements are divided into four categories based on their sizes, which 

are Public Garden (area less than 2,000 m2), Neighbourhood Green Infrastructure 

(Neighbourhood GI, area between 2,000 m2 and 15,000 m2), Sports and Recreation Green 

Infrastructure (Sports and Recreation GI, area between 15,000 m2 and 30,000 m2), and Natural 

Green Infrastructure (Natural GI, area above 30,000 m2). The numbers of Public Garden and 

Sports and Recreation GI are similar, which are 47 and 38 respectively. They account for the 

least GI elements of the four types. While Neighbourhood GI and Natural GI are the most with 

numbers of 147 and 106 respectively. 

 
To test the service ability of these four types of green infrastructure elements, information 

of the service population is required. Figure 43 is the service population and service ratio for 

these four types of green infrastructure elements in 5, 10 and 15 minutes’ walking distance in 

the case study area. The comparison in these bar charts shows that the percentages of population 

served by Public Garden, Neighbourhood GI, Sports and Recreation GI, and Natural GI in three 

different walking distances are obviously different. The same trend for all four types of GI 

elements is that 15 minutes’ walking distance covers the greatest population living in the 

measured area, while 5 minutes’ distance allows the least number of people to access GI 

elements. Figure 42 includes the service areas of the four types of GI elements, with Public 

Garden (A), Neighbourhood GI (B), Sports and Recreation GI (C) and Natural GI (D). It shows 

that Natural GI in 5 and 10 minutes’ walking distances has the highest service ratios (63.48% 
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Figure 43 Service ratios of 5, 10 and 15 minutes’ walk of four types of GI elements (Author) 
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 A. Public Garden B. Neighbourhood GI 

C. Sports and Recreation GI D. Natural GI 

Figure 44 Service areas for four types of GI elements in 5, 10, 15 minutes’ walking distances in the case study area (Author) 
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and 100.08%); while Public Garden in the same distances has the lowest service ratios (38.16% 

and 19.12%). Similarly, in 15 minutes’ walking distance, Natural GI also has the highest service 

ratio (125.23%), while Sports and Recreation GI has the lowest at 62.03%. 

 

Although the majority of people can be included in the service area in 15 minutes’ walking 

distance for four types of GI elements, in 5 minutes’ walking distance, which is the best access, 

the service ratio is still lower, especially for Public Garden and Sports and Recreation GI. 

 

5.2.3 Analysis of accessibility of green infrastructure elements with facilities  

 

For different conditions of facility, green infrastructure elements with both active and 

passive facilities provide more opportunities for social activities such as physical activity, 

games, competitions, performances etc., social contacts such as social gatherings, family 

picnics, chatting etc., than those that have only active or passive facilities. GI elements with 

both active and passive facilities have been considered as a well-equipped service source. By 

contrast, green infrastructure elements with no facility create fewer options for social activities 

and have been considered as poor quality GI elements.  

 

The analysis of accessibility levels of four types of GI elements has been described in section 

5.2.2. The results show that all four types of GI elements have a consistently increasing number 

of served populations in three levels of walking distances. This section will further analyse the 

research results for accessibility levels with facility conditions, which helps test the service 

capability of GI elements. Figure 45 shows the comparison in four bar charts of the service 

population and ratios of the four types of GI elements with different facility conditions in 5, 10 

and 15 minutes’ walk.    
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Figure 45 Service ratios of four types of GI elements with facility conditions in 5, 10 and 15 minutes’ walk (Author)  
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The figures include the service ratios of four types of GI elements with different facility 

conditions in 5, 10 and 15 minutes’ walking distances in the case study area, with Public Garden 

(A), Neighbourhood GI (B), Sports and Recreation GI (C) and Natural GI (D). Bar chart A 

illustrates that 15 minutes’ walking distance allows the largest number of people to access 

Public Garden with four different facility conditions, while 5 minutes’ distance shows the 

smallest service ratio. In terms of facility conditions, 15 minutes’ walking distance allows the 

highest proportion of population (36.84%) accessing Public Garden with active and passive 

facility (the distribution of service area can be seen in Figure 46). There is a similar proportion 

of Public Garden with passive facility, but only 5.73% of people can access Public Garden with 

active facility in this distance. Similarly, around 20% of people can arrive at Public Garden 

with active and passive facility in 10 minutes’ walking distance. The figure is only 2.88% for 

Public Garden with active facility in this distance. Moreover, in 5 minutes’ walking distance, 

fewer than 10% of the population could reach the Public Garden with any facility situation. The 

figure is even lower (0.96%) in regard to Public Garden with active facility. 

 

Overall, 5 minutes’ walking distance allows the smallest proportion of people to use the 

service. Public Garden with active facility is also the most difficult for people to access in three 

different walking distances. 

 

Bar chart B is the service ratios of Neighbourhood GI. It indicates the served proportion of 

population with four types of facility conditions in 5, 10 and 15 minutes’ walking distances. In 

15 minutes’ walking distance, the largest service ratio shows 8% of people can access 

Neighbourhood GI with well-equipped facility. The figures of these GI elements with no facility 

and only passive facility range from nearly 60% to just over 40%. When accessing 

Neighbourhood GI with active facility, the proportion of the population is the smallest (less 

than 20%). Similarly, in 5 and 10 minutes’ walking distances, the proportions of people 
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accessing with active and passive facility are the largest (55.38% and 27.85% respectively). 

However, the smallest figures are 4.03% and 9.95% in respect of Neighbourhood GI with active 

facility in these distances. The population that can access Neighbourhood GI with no facility 

and passive facility in these distances maintains a medium level, when compared with the other 

two situations. The distribution of service areas in Figure 47 also illustrates that in the three 

different walking distances, Neighbourhood GI with active facility provides service to the 

smallest proportion of population.  

 

Bar chart C in Figure 45 gives the information of how many people can access the service 

delivered by Sports and Recreation GI with four types of facility conditions in 5, 10 and 15 

minutes’ walking distances. The largest service ratio (near 50%) (see Figure 48) is for Sports 

and Recreation GI with active and passive facility in 15 minutes’ walking distance. The second 

and third largest ratios (just over 30% and around 15%) are also for this type of GI elements 

with the same facility conditions in the same distance. Less than 12% of the population can 

access Sports and Recreation GI with passive facility and no facility in all three distances. By 

contrast, the smallest percentage of population (0.37%) accessing this type of GI elements with 

active facility is in 5 minutes’ walking distance. Similarly, the population to GI elements with 

the same facility condition in the other two walking distances is at a relatively low level (less 

than 3%). 

 

The last bar chart (D) in Figure 45 compares the proportions of the population who have 

access to Natural GI with no facility, active facility, passive facility, and active and passive 

facility in 5, 10 and 15 minutes walking distances. The largest proportion of the population 

accessing GI is to Natural GI with active and passive facility in 5, 10 and 15 minutes’ walking 

distances, which shows the service ratios of 114.36%, 86.51% and 48.73% respectively (see in 

Figure 49). Although the populations having access Natural GI with passive facility and no 
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facility in 15 minutes’ distance are the second and third largest groups, these figures are at a 

lower level, ranging from 20% to 40%. Similarly, less than 25% of the population have access 

to Natural GI with these facilities in 5 and 10 minutes’ walking distances. When considering 

the number of people having access to Natural GI with active facility, the proportion is lower 

than 20% in all three walking distances. Although Natural GI with active and passive facility 

serves more than half of the population in each walking distance, Natural GI with other facility 

conditions shows a considerably lower ratio in all three walking distances. 
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Figure 46 Service areas of Public Garden with four types of facility conditions in 5, 10 and 15 minutes’ walking distances in the case study area 
(Author)  
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Figure 47 Service areas of Neighbourhood GI with four types of facility conditions in 5, 10 and 15 minutes’ walking distances in the case study area 
(Author) 
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Figure 48 Service areas of Sports and Recreation GI with four types of facility conditions in 5, 10 and 15 minutes’ walking distances in the case 
study area (Author) 
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Figure 49 Service areas of Natural GI with four types of facility conditions in 5, 10 and 15 minutes’ walking distances in the case study area 
(Author)
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5.2.4 Summary 

 

Assessment of accessibility levels to green infrastructure elements is based on different 

categories and conditions of facilities. The main analyses involved the numbers and percentages 

of the served population. The distribution of well-equipped green infrastructure elements was 

assessed in terms of facility conditions and service capabilities through GIS network analyses. 

The following results were obtained:  

 

First, the service area covered all of the study area. This is due to the fact that Auckland has 

a large amount of green space. The best areas to get access to green infrastructure in five 

minutes’ walk are the Western and the Middle areas, then the Southern area. The CBD and the 

Eastern area are the poorest areas for accessible green infrastructure elements. 

 

Secondly, the service ratios and facility conditions were found to be particularly useful in 

assessing the distribution of well-equipped green infrastructure elements.  

 

Thirdly, the relationship between the amount of green infrastructure, the service capability 

and the facilities was examined, and the results revealed that almost half of Neighbourhood GI 

has no facilities.  

 

Finally, insufficient areas of green infrastructure elements were identified. The Eastern area 

is the place without efficient facilities, which needs to be a priority for improvement in the 

future. The GI elements in the Southern area and the Western area also need to be considered 

for an improvement in facilities. 
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Calculation error is one of the research limitations for accurate data analysis. The 

measurement of accessibility levels considers the service population and service ratios as the 

main criteria for levels. It defines accessibility as good access, average access and poor access. 

The results show that in the case study area how many people and what percentage of them 

have good access to certain types of GI elements. However, due to calculation limitations, it 

cannot point out the exact area, but rather suggest some sub-areas, because some of the GI 

elements are close to or are on the borders of the five sub-areas, the populations they served 

extend to the neighbouring sub-area and, to some extent, overlap each other. Although the 

results are influenced by data error, they account for only a small proportion of all data analysis. 

To test the equity conditions of green infrastructure in the following section, the best access 

level and data have been selected (5 minutes’ walk, which means a 400 metres’ walking 

distance). The demographic information of population (age and ethnic groups) and income 

status will be considered in the analysis of green infrastructure accessibility in respect of spatial 

distribution and equity analysis. 

 

5.3 Accessibility-based equity of green infrastructure elements 

 

The functionality of green infrastructure is equally influenced by the location and 

distribution in the city (Haq, 2011). In order to improve urban liveability, it is necessary to 

enhance the quality of green infrastructure to increase the physical access to it. Good provision 

of opportunities for recreational purposes should be located close to residential areas for daily 

access. To be more precise, the most typical close-to-home green infrastructure elements with 

recreational facilities should be located close to residential areas, in walking distance for access. 

Accessibility-based equity analysis in this section uses the best accessibility data (five minutes’ 

walking distance), demographic and social-economic information (age, ethnic groups and 
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income status of the served population) to analyse the equity conditions of GI elements in the 

case study area. 

 

5.3.1 Equity test data analysis 

 

The census data used in this research is the Census meshblock dataset for Auckland region 

released in 2013 in New Zealand. The original file contains counts at meshblock and other 

geographic levels for selected variables from the 2013, 2006, and 2001 Censuses. This research 

takes only the latest 2013 data for equity analysis. 14 variables are selected under the categories 

of meshblocks and area units. These data are divided into three categories: 

 

(1) Age group: 2013 Census, age in broad groups, for the census usually resident population 

count15F

16 

 Age under 15 

 Age between 15 to 64 

 Age of 65 and over 

(2) Ethnic groups: grouped total responses 16F

17, for the census usually resident population count  

 European 

 Māori 

 Pacific peoples  

 Asian 

 MELAA 17F

18 

                                                 
16 The census usually resident population count of New Zealand is a count of all people who usually live in, and were present 
in New Zealand on census night, excluding overseas visitors and New Zealand residents temporarily overseas. 
17 Includes all people who stated each ethnic group, whether as their only ethnic group or as one of several. Where a person 
reported more than one ethnic group, they were counted in each applicable group. 
18  MELAA = Middle Eastern, Latin American, and African.  This was a new category introduced for the 2006 Census. 
Previously, MELAA responses were allocated to the 'other ethnicity’ category. 
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(3) Total personal income (grouped) 18F

19, for the census usually resident population count age 

15 years and over  

 $5,000 or less 

 $5,001 - $10,000 

 $10,001 - $20,000 

 $20,001 - $30,000 

 $30,001 - $50,000 

 $50,001 or more 

 

In the personal income meshblock and area unit data, a small number of areas with a median 

income of $0 and the ‘*’ symbol were shown, because the income in these areas could not be 

calculated. For others with the symbol of ‘..C’ they refer to confidential data and are replaced 

with $0 in this research.  

 

The numbers of area unit, meshblock, total population and the 14 variables in numbers of 

population have been calculated in GIS attributes (Appendix). The following three pie charts 

(Figure 50, Figure 51 and Figure 52) show the composition of the population living in the 

research area in terms of age, ethnic groups and income conditions. Pie chart Figure 50 

illustrates that the largest age group is in the age between 15 to 64, which accounts for almost 

three quarters of the total population. Meanwhile, the group of older adults aged over 64 is less 

than 20%, while the young generation under 15 years old is the smallest (around 10%). 

 

The second pie chart (Figure 51) gives the population information in terms of ethnic groups. 

In the research area, the largest proportion of population consists of European people, which is 

over half of the total population (54.45%). The second-largest is the Asian group with almost  

                                                 
19 A person’s total personal income in the 12 months ending 31 March 2013.   
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Figure 50 Percentage of age in the case study area (Author) 

 

 

Figure 51 Percentage of ethnic groups in the case study area (Author) 

 

 

Figure 52 Percentage of personal income in the case study area (Author) 
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one third of the total population (26.97%). The other three ethnic groups contribute only around 

20% in total, with 10.85% Pacific, 6.93% Maori and 2.29% MELAA. 

 

The third pie chart (Figure 52) shows the proportion of six different levels of personal 

income. The first and second largest proportions of population are the groups with no income 

and with income over $50,000, which account for half of the total population. The smallest 

proportion of the population group with income of $5,001-$10,000 only has 4.22%. The other 

groups with incomes of $5,000 or less, $30,001-$50,000 and $10,001 to $20,000 and $20,001 

to $30,000, show 13.88%, 13.45%, 10.32% and 7.5% respectively. 

 

5.3.2 Overall analysis of Equity levels  

 

Table 16 illustrates the population served in 5 minutes’ walking distance from GI elements 

in the case study area. Figure 51 further shows the proportions of the served population in total 

population that most of the population (falls in 14 variables) has excellent access to GI elements, 

which means in 5 minutes’ walking distance. The highest service ratio indicates that 89% of 

European people have the best access to GI elements, while the lowest figure is 3% for Asians. 

The second highest proportion of people (88%) is the group aged over 65 and those with an 

income of over $50,000. Similarly, that 87% of the other groups, except people with income at 

the level of less than $5,000 and $5,001-$10,000 can access GI elements in 5 minutes’ walking 

distance. Meanwhile, people with the lowest service ratio are those earning less than $10,000. 

 

Overall, most Europeans and those with an income of over $50,000 or those over 64 years 

of age have the greatest service from GI elements, while fewer Asians or people on a lower 

income have good access to GI elements. 
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Table 16 Service population in 5 minutes’ walk from GI in the entire case study area 

Population attributes Total population  5 minutes’ service 
population 

Age <16 73,986 64722 

16-65 296,046 256980 

>65 43,539 38445 
Ethnic 
Group 

European  225,177 199752 

Maori 28,677 24996 

Pacific Peoples  44,883 39108 

Asian 111,546 92907 

MELAA 9,483 8214 
Income $5,000 or Less 55,647 47205 

$5,001 - $10,000 17,433 14991 

$10,001 - $20,000 42,666 37110 

$20,001 - $30,000 31,005 26991 

$30,001 - $50,000 57,399 49671 

$50,001 or more 101,655 89583 

 

 

  

80%

81%

82%

83%

84%

85%

86%

87%

88%

89%

90%

Service Ratio (%) for best access to GI elements

5 minutes Service Ratio (%)

Figure 53 Percentage of population served in 5 minutes’ walk to GI elements for 14
variables in the case study area (*personal income) 
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5.3.3 Equity analysis of GI elements in the five sub-areas 

 

The populations in the five sub-areas are listed in the previous section are the CBD area with 

31,335 people, the Western area with 39,492 people, the Middle area with 85,074 people, the 

Southern area with 103,803 people and the Eastern area with 153,876 people. The three bar 

charts (Figure 54, Figure 55 and Figure 56) below show the service ratios of GI elements in the 

five sub-areas in three groups (including all 14 variables) to show the proportion of the 

population accessing GI elements in the best accessible level (5 minutes’ walking distance) in 

each of the five sub-areas (the CBD, the Western, the Middle, the Southern and the Eastern 

areas). 

 

Figure 54 demonstrates the information of how many people in three different age groups 

can access GI elements in the five sub-areas. More than half of the population aged between 

15-64 can access GI elements in any research area, while the population aged over 64 is in the 

lowest proportion, which is even lower than 11%. More specifically, the highest figure 

(83.68%) is for people aged between 15-64 accessing GI elements in the Middle area. However, 

the lowest situation (3%) happens to the people aged over 64 accessing GI elements in the CBD 

area. In addition, the young people under 15 have a lower proportion (less than 21%) to reach 

GI elements in all research areas. 

 

The second bar chart (Figure 55) shows the different population ratios for people in five 

different ethnic groups (European, Maori, Pacific, Asian and MELAA) accessing GI elements 

in the five sub-areas in five minutes’ walking distance. It is clear that the highest ratio (82.02%) 

of the population is European people in the Western area, while the smallest number is only 

1.4% in the MELAA group. Overall, more than 29% of European people have the best access 

to GI elements in any sub-area. Compared with this result, the figure for Asians in the CBD, 
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the Middle and the Southern areas is around 30%. Moreover, for the groups of Maori and Pacific 

people in all areas, the population ratio is lower than 17% and this number is even lower (at 

4%) for MELAA. 

 

The third bar chart (Figure 56) indicates the proportion of population with six different 

personal income levels for people who have the best access to GI elements in the five sub-areas. 

The highest percentage of population is 36.5% for people in the Middle area with an income 

over $50,001. The other three higher figures are also for this group of the population in the 

Middle, the Eastern and the Southern areas, which are 29.62%, 21.05% and 17.02% 

respectively. Moreover, the lowest figure (2.84%) is in the Eastern area for people with an 

income between $5,001-$10,000. Overall, over 15% of people with an income over $50,000 

have the best advantage of accessing GI elements in all research areas, while this percentage 

for the people in other income groups is lower than 16%. Most importantly, the figure for people 

with income between $5,001-$10,000 is lower than five percent. 

 

In conclusion, the population in the age between 15-64, in the European ethnic group or with 

an income over $50,001 all have the highest population ratio to GI elements in all research 

areas. However, only around 10% of people can access GI elements in research areas if they 

are aged over 64, belong to the Pacific, Maori or MELAA ethnic groups or have an income 

between $5,001-$30,000. People in these groups should be given more consideration of 

accessibility to GI elements in the areas in which they live. 
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Figure 54 Population ratios of age variables served in 5 minutes’ walk to GI elements in the 
five sub-areas (Author) 

 

Figure 55 Population ratios of ethnic group variables served in 5 minutes’ walk to GI elements 
in the five sub-areas (Author) 

 

Figure 56 Population ratios of personal income variables served in 5 minutes’ walk to GI 
elements in the five sub-areas (Author) 

 

  

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

CBD Western Middle Southern Eastern

Age under 15 Age between 15-64 Age over 64

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

CBD Western Middle Southern Eastern

European Maori Pacific Asian MELAA

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

CBD Western Middle Southern Eastern

Less than $5,000 $5,001 ‐ $10,000 $10,001 ‐ $20,000

$20,001 ‐ $30,000 $30,001 ‐ $50,000 Over $50,001



      

150 
 

5.3.4 Equity analysis of four types GI elements 

 

Figure 57 is the comparison of the ratios of the population with, and without, the best access 

of four types of GI elements in the case study area, with Public Garden (A), Neighbourhood GI 

(B), Sports and Recreation GI (C) and Natural GI (D). It demonstrates that the proportion of 

population accessing these four types of GI elements is largely different, while the 14 variable 

groups show a similar proportion.  

 

More specifically, the largest number of population groups (around 70%), except Asian 

(55%), have the best access to Natural GI. However, the lowest figure is around 15% for 

accessing Public Garden. Similarly, around 20% of the people can access Sports and Recreation 

GI. In addition, for access to Neighbourhood GI, the percentage of all population groups, except 

Asian, is around 50% and this figure is only 45% for Asian. 

 

Moreover, the percentage of people without the best access to the four types of GI elements 

shows a contrary level in relation to that of the best access. The greatest percentage of the 

population (around 80%) in all sub-areas do not have the best access to Sports and Recreation 

GI and the proportion for Public Garden is also in the similar ratio (almost 80%). This means 

only around 20% of people can access these two types of GI elements in five minutes’ walking 

distance.  

 

Overall, people in 14 groups of variables have similar percentages for the four types of GI 

elements, but more people have the better access to Natural GI and Neighbourhood GI than to 

Public Garden and Sports and Recreation GI. 
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Figure 57 Ratios of 14 variables of population with and without access to four types of GI in the case study area (Author)  
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5.3.5 Equity analysis of four types of GI elements with facilities 

 

To address service capability, facility conditions are of importance in analysing the service 

ratios of GI elements. The analysis continues with the last section of four types of GI elements, 

starting with Public Garden with different facility conditions. Figure 58 shows the ratios of 

population with and without the best access to Public Garden in the case study area. The figures 

displayed in the four bar charts show how many people in 14 variables do and do not have the 

best access to Public Garden, with no facility (A), with active facility (B), with passive facility 

(C) and with (active and passive facility). The largest proportion in the figures, which is around 

6-10% of the population, has the best access to Public Garden with passive facility, while less 

than 2% of the population are in the GI’s service area with the best access to active facility. 

 

Accessibility to Public Garden with active and passive facility indicates that 6-10% of people 

in 14 groups of variables have the best access, but only around 6% of people in the Asian, 

Pacific and MELAA ethnic groups or people with an income of less than $5,000. Accessibility 

in the Middle area among these four facility conditions also shows that around 5% of the 

population has the best access to Public Garden with no facility and Maori people have a higher 

figure (around 6%). The results reveal that for Maori people, there is less opportunity to access 

well-equipped Public Garden for daily use.  

 

In conclusion, although accessibility to Public Garden with the best access is relatively low 

regardless of facility situations, the population aged under 15 or over 64 and in Maori, Pacific 

or Asian ethnic groups have fewer people accessing Public Garden with passive facility. In 

respect of Public Garden with active and passive facility, this figure is also lower for people in 

the Pacific, Asian and MELAA groups and with an income less than $5,000. Moreover, the 
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Figure 58 Ratios of people with and without the best access to Public Garden with four groups of facilities in the case study area (Author) 
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number of Asians is extremely low having access to Public Garden with active facility (less 

than 1%). 

 

Similarly, the ratios of the population with and without access to Neighbourhood GI with 

different facility conditions have been presented in Figure 59. These four bar charts indicate the 

proportion of population who can and cannot access Neighbourhood GI, with no facility (A), 

active facility (B), passive facility (C) and active and passive facility (D) in 5 minutes’ walking 

distance. 

 

From the four charts, fewer than 40% of the population have the best access to 

Neighbourhood GI. The highest ratio for each of the 14 population groups is the Neighbourhood 

GI with active and passive facility compared to the other three facility conditions. Among these 

14 groups, Asians and people with an income of less than $5,000 have the smallest proportions 

for the best access to GI elements, while Pacific people show the highest figure (almost 40%). 

 

In contrast, the smallest proportion of each group to Neighbourhood GI with four types of 

facility conditions in 5 minutes’ walk is access with active facility, which also means that the 

largest proportion of people cannot access this type of GI elements within the best access. 

Compared with this percentage, the numbers of people with access to Neighbourhood GI with 

no facility and with only passive facility in the best accessible distance show slightly higher 

figures (around 20% and 10% respectively). More noticeably, the Pacific people have a rather 

lower figure, which means only 5% of them have the best access to Neighbourhood GI with 

passive facility. 
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Figure 59 Ratios of people with and without the best access to Neighbourhood GI with four groups of facilities in the case study area (Author) 
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On the one hand, the accessibility of Neighbourhood GI with the best access is relatively 

low, especially access to the GI elements with active facility. On the other hand, the proportion 

of people who cannot reach Neighbourhood GI in 5 minutes’ walk is relatively high, which is 

over 60% and even over 90% for different facility conditions. 

 

For Sports and Recreation GI, Figure 60 presents the information on the proportion of people 

in 14 groups of variables who have or do not have the best access in five minutes’ walk to 

Sports and Recreation GI, with no facility (A), active facility (B), passive facility (C) and active 

and passive facility (D). The proportion of the population in 14 groups shows similar figures of 

access to GI elements with these four facility conditions in Sports and Recreation GI, which 

means these figures are not distinctive, because of different population groups. 

 

From the information in the four bar charts, the largest figure regarding access to Sports and 

Recreation GI shows that around 15% of the population can access GI elements with active and 

passive facility in 5 minutes’ walk, while only less than 2% of people can access this type of 

GI elements with active facility. For the GI elements with the other two facility conditions, the 

figures are relatively low, with less than 5%, except for people in the Pacific and Maori groups. 

It shows a lack of opportunities for these groups of people to get access to GI elements with 

well-equipped facilities. 

 

It is undoubted that fewer people have less access to Sports and Recreation GI with four 

facility conditions. The percentages of people who cannot reach this type of GI elements are 

extremely high (almost over 75%). The highest figure is almost over 98% for people accessing 

GI elements with active facility, while the lowest figure is also more than 75%, higher than the 
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Figure 60 Ratios of people with and without access to Sports and Recreation GI with four groups of facilities in the case study area (Author)
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the ratio of people with access to active and passive facility. 

 

Overall, it is a rather low percentage of people accessing Sports and Recreation GI with any 

facility conditions in a 5 minutes’ walking distance. Almost all of the population groups show 

a similar situation in accessing these GI elements, except for the ones with no facility. Maori 

and Pacific groups show a higher percentage than the other variables, which means they are the 

groups with less opportunity to access well-equipped GI elements. 

 

For a large number of Natural GI in the case study area, it is also necessary to see the ratios 

of population. Figure 61 compares the ratios of people in 14 population groups with access and 

without access to Natural GI, with no facility (A), with active facility (B), with passive facility 

(C) and with active and passive facility (D). Except for access to Natural GI with active and 

passive facility, which is a relatively high proportion, the proportions of people with access to 

GI elements with the other three facility conditions in 5 minutes’ walk are largely lower. 

 

The largest number (around 45%) shows that almost half of the population has the best 

access (5 minutes’ walk) to Natural GI with well-equipped facility (active and passive facility), 

while the lowest figure (under 5%) is for people accessing GI elements with active facility. 

Meanwhile, around 10% of the population in 14 variable groups has the best access to this type 

of GI elements without facility and with only passive facility.  

 

Moreover, the proportion of the population who do not have the best access named ‘without 

access’ to Natural GI with no facility and passive facility, is considerably higher (over 75%). 

In addition, the highest figure (over 95%) for people without access is to Natural GI with active 
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Figure 61 Ratios of people with and without access to Natural GI with four groups of facilities in the case study area (Author)  
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facility, while the lowest figure (around 55%) is for people with access to GI elements with 

active and passive facility. 

 

In summary, the majority of the population in 14 groups could not access Natural GI with 

active facility in 5 minutes’ walk. In addition, almost half of the population has the best access 

to these types of GI elements with active and passive facility. There are fewer differences of 

percentages for people in different population groups to access or barely access Natural GI. 

 

5.4 Summary of the key findings 

 

The major challenges for this research were to develop GIS-based analysis techniques that 

can be used to measure accessibility-based equity of green infrastructure elements. The measure 

had to give both a general and a clear picture of the distribution of green infrastructure elements 

and then analyse the accessibility-based equity levels at a smaller scale with the combination 

of geographic, demographic and socio-economic factors that impact green infrastructure usage. 

Research findings have been reported in this chapter, analysing 1) the equity analysis on 

distribution of green infrastructure (GI); 2) the equity analysis on accessibility levels; and 3) 

the equity levels of best access to green infrastructure. In order to give a clear account of the 

research findings, the three aspects of results have been summarised and arranged in five parts 

according to the five sub-areas in central Auckland. This will give a much clearer depiction of 

the characters of each sub-area, the distribution and accessibility-based equity levels of green 

infrastructure elements. It is much easier to give distinct recommendations for enhancement of 

each sub-area in terms of green infrastructure, useful for urban planning.  

 

5.4.1 The CBD Area 



      

161 
 

 

With distinctive features in location, population density and the built-up environment, the 

CBD area shows strong conditions in the distribution, facility provision and accessibility of the 

identified GI elements by contrast with other sub-areas. These features indicate that the CBD 

area, the commercial centre of Auckland city, while being the smallest area is dominated by 

high-rise buildings, including apartments, offices and retail activities. By area and number, the 

GI elements are the smallest compared to all other sub-areas. It is a fact that the population 

density in this area is the greatest and the average area of GI per capita is, not surprisingly, the 

lowest among the five sub-areas. In terms of the level of facilities within the GI elements, three 

out of eight are well equipped with active and passive facilities, while others only have passive 

facilities, such as chairs and fountains.  

 

The accessibility to GI elements in 10 and 15 minutes’ walk is good, due to the small area 

and higher density. When people live in dense high-rise apartments, well-equipped GI elements 

serve many more people within short distances. However, the results also show that only three 

quarters of the residents live within 5 minutes’ walk (considered the best level of access) to the 

relevant GI elements. Among this served population, a noticeable inequity has been found in 

the groups aged between 15 to 64 years old, Asians and people with low income. The service 

ratios for these groups of people are all in the lowest levels compared to other demographic and 

social-economic groups. If the facility within the GI elements is considered, the proportion of 

people accessing well-equipped GI elements is even lower.  

 

Considering the inequity of access to GI elements in this sub-area shown in the analysis, any 

improvements to urban liveability would need to take this into account. It has been addressed 

in the City Centre Masterplan in Auckland Council, that the city centre is a welcome and safe 

place, “where people can access social activities and see their culture reflected in the physical 
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and social environment” (Council, 2012b, p. 40). The value of green infrastructure elements 

has also been recognised “as the city population and employment numbers grow, so much the 

quantity, accessibility and quality of open spaces” (Council, 2012b, p.42). This research 

recommends building new mini gardens between high-rise buildings and increase more active 

facilities within existing GI elements, which are conducive to mitigate the shortage of GI 

elements.  

 

Progress has been made by the City Centre Masterplan. One is the upgrade of Myers Park in 

the part of the Transformation Move 3 – to revitalise Auckland’s ‘Engine Room’, investing 

amenity and emphasising unique and interesting precincts to meet the changing needs of a 

growing and culturally diverse city (Council, 2012b). Another one is known as the 

Transformation Move 6 ‘The Green Link’, connecting Victoria Park, Albert Park (in the CBD 

area) and the Auckland Domain (in the Eastern area) as part of a green infrastructure network, 

incorporating ecological and biodiversity corridor principles to enhance environmental 

sustainability (Council, 2012b, p.86). To improve the recreational opportunities, the Green Link 

also considers a possibility to “create a land bridge for tennis courts, basketball courts, five-a-

side pitches and a covered swimming pool on top of parts of Stanley Street” (Council, 2012b, 

p.89). These undertaken upgrades and in progress projects match the research goals and will 

positively improve the accessibility-based equity to GI elements and be of great help to deliver 

urban liveability for all Aucklanders.  

 

5.4.2 The Western Area 

 

By contrast with the CBD area, the Western area is largely residential with few high-rise 

apartments and commercial buildings. The area is almost three times larger than the CBD area, 

but has a population density only half of that in the CBD area. Despite the CBD having twice 
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the population density, it had around six times the number of GI elements. In the Western area, 

the accessibility to GI elements is in the best level, showing that everyone has access to GI 

elements in a 5 minutes’ walking distance. Hence, there is no need to mention the accessibility 

in 10 and 15 minutes’ walk. This has a high level of accessibility in this area and residents can 

equally access the nearest GI elements in 5 minutes’ walk, regardless of their age or ethnicity. 

 

In this sub-area, service ratios of GI elements are all over 100% in 5, 10 and 15 minutes’ 

walk. However, these service ratios exist only in the assumption that all GI elements in this area 

are well-equipped and all residents have equal opportunity to access the service. In fact, only 

half of these GI elements are well-equipped with both active and passive facility, while the 

others either have no facility or have only passive facilities. This indicates that there is a 

decreased opportunity for residents to enjoy activities that contribute to the sense of liveability 

in this sub-area: social interaction, sports competitions and activities involving family members 

and neighbours. 

 

It is undoubted that poorly-equipped GI elements hinder accessibility indirectly, by 

decreasing the quality and attractiveness of GI elements to the public. Thus, potential ways to 

improve the service ability of GI elements, including upgrading existing facilities and adding 

new ones according to different types of GI elements, are necessary. 

 

5.4.3 The Middle Area 

 

The Middle area shows similar features compared with the Western area. Except for area 

units of Eden Terrace and Penrose that have greater density of apartments and commercial 

buildings, this area is a lower density suburb with residential areas and schools. The area is 

twice as large when compared to the Western area, but of lower density with a smaller 
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population. It means the residents are more scattered in this area than in the Western area. In 

addition, the number and size of the GI elements are all more than that in the Western area.  

 

For the residents, regardless of their demographic and social economic status, they all have 

the best access (5 minutes’ walk) to GI elements, when compared to other sub-areas. However, 

when accounting for GI elements with facilities, only three-fifths of them are well equipped to 

support both active and passive facilities, while the other two-fifths have either passive facilities 

or nothing. Thus, not everyone lives within a 5 minutes’ walk of well-equipped GI elements. 

The poorly-equipped ones are not attractive and offer less service amenity. For those GI 

elements with only passive facility or no facility, most of them belong to Neighbourhood Green 

Infrastructure (Neighbourhood GI, area between 2,000 m2 and 15,000 m2). To target the 

improvement of the service delivered in this sub-area, it is not the number or degree of access 

that is an issue, but the level of facilities available within the GI elements that is the issue.  

 

5.4.4 The Southern Area 

 

With a larger area than the Middle area, the Southern area has a greater population, but an 

even lower population density. The main reason is that it is occupied by less dense residential 

areas and a large area of industry and business, including Avondale, Onehunga and Penrose. 

Similarly, with a larger area, the number of GI elements also increases. These constant ratios of 

increase in area and GI number also exist in other sub-areas. Despite the evenness in the 

distribution of GI elements, the percentage of the population living within good (5 minutes’ 

walk) of them is more variable, compared to the Western and the Middle areas. 

 

Although 90% of the overall population in this sub-area can access GI elements within 5 

minutes’ walk, there is nevertheless more variation when considering the differences between 
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demographic and social-economic groups. Accessibility for the age groups under 15 years old 

and between 15 to 64 is better, when compared to the over 64-year group and accessibility for 

European, Pacific and MELAA is better than for Maori and Asian ethnic groups. Although the 

population group with lower incomes has slightly better accessibility, the difference among all 

income groups is not obvious and distinctive. Despite this, what is indicated is that good access 

for those over 65 years, the less physically able age group and, perhaps, those in greater need 

of access to GI elements, is less compared to other age groups. 

 

In terms of the provision of facilities within the GI elements, around half is well-equipped 

with active and passive facilities. This is the same as the Western and the Middle areas discussed 

above. However, in the Southern area, two-fifths of GI elements have passive facilities or no 

facility. The proportion of the GI elements with nothing inside accounts for 72% within these 

two-fifths of GI elements. It is largely different than the proportions in the Middle and the 

Western areas, where the GI elements with no facility account for less than half of the total 

number. This indicates that in the Southern area, there is a relatively higher proportion of 

poorly-equipped GI elements, which provide users even fewer opportunities for both active 

activities like physical exercise and social gathering. In terms of the types of these poorly-

equipped GI elements, a large number of them is Neighbourhood Green Infrastructure 

(Neighbourhood GI, area between 2,000 m2 and 15,000 m2), similar to that in the Middle area. 

For these GI elements with no facility, especially Neighbourhood GI, if some passive facilities 

can be installed in time, it will be helpful to improve the service capacity and possibility for 

more frequent usage. 

 

5.4.5 The Eastern Area 

 

The Eastern area is the largest by area and population of the five sub-areas, but has the lowest 
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population density. This is due to there being far less multi-unit development, such as 

apartments and commercial buildings with a predominance of standalone houses. The only 

significant density is in Newmarket and Parnell close to the CBD area, where there is higher 

density housing. This is due to the fact that there are fewer high-rise buildings and the area units 

Mt Wellington and St Johns have large areas of industry and business areas rather than 

standalone houses. 

 

The distinctive feature of the Eastern area is the larger area with scattered residence and a 

larger area and number of GI elements, which indicates the highest GI per capita among the 

five sub-areas. However, due to the lowest population density, only three-quarters of the 

population have the best accessibility to GI elements in 5 minutes’ walk. This proportion is 

slightly higher than that in the CBD area. However, what is the same as the CBD area is the 

accessibility level among different population groups. People aged over 64 have better 

accessibility than the other two age groups; Europeans have the best accessibility, while Pacific 

and Asian ethnic groups have the worst; the population group with a higher income has the best 

accessibility, but the population group with a lower income has the worst.  

 

In addition to the quality of the GI elements, well-equipped ones account for less than half 

of the total number. The other half of GI elements have either passive facility or no facility. It 

indicates a lower service ratio of green infrastructure elements and even lower service ratio for 

well-equipped ones. It reveals further that the service ability of GI elements decreases with 

poorly-equipped facilities and provides fewer opportunities for relaxation, recreation and social 

interaction.  

 

Considering the inequity and lower level of accessibility in this area, it is significant and 

urgent to improve the facilities in poorly-equipped GI elements. The enhancement should give 
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priorities to the area units with larger population density and those demographic and social-

economic groups with lower accessibility levels to improve the overall equity of accessing 

pubic services. 

 

5.4.6 Summary 

 

The findings of the distribution of GI elements in the five sub-areas indicate that as the area 

of the sub-areas increases, the number of GI elements also increases. This is because, a larger 

area gives Auckland City Council the opportunity to provide more GI elements. However, the 

GI elements are unequally distributed in the study areas, considering the population density in 

each sub-area. The CBD area has the smallest number of GI elements but with the highest 

population density, while the Eastern area has the most with the lowest population density. The 

service capacity of GI elements in the CBD area is much lower than that in the other sub-areas, 

because of its large population. The uneven distribution of GI elements also exists when 

considering the facility conditions in each sub-area. The findings indicate that the Eastern area, 

which is the largest in area, has the greatest number of GI elements, but half of the total number 

has poorly-equipped facilities. With poorly-equipped facilities, GI elements provide the users 

with fewer opportunities for physical activity and social interactions.  

 

In terms of the accessibility levels of the five sub-areas, the Western and the Middle areas 

show a high level of accessibility in all three walking distances (5, 10 and 15 minutes), as the 

service ratios of GI elements are all over 100%. The Southern area also has a high level of 

accessibility in these three walking distances with approximately 95% of the service ratios. 

Comparatively, the CBD and the Eastern area show a low level, around 70% of the service 

ratios. When considering the facilities, more than half of the GI elements in these areas have 

poorly-equipped facilities, which will decrease the service ratios to an even lower level. From 



      

168 
 

this point of view, improving or upgrading the facilities inside the poorly-equipped GI element 

in all five sub-areas is significant. This will enhance the service capability of GI elements for 

providing more opportunities for different purposes, such as doing physical activities or having 

social events with others. 

 

The findings also indicate that, although the results of accessibility of GI elements show 

generally good access in the Western, the Middle and the Southern areas, the CBD and the 

Eastern areas do not have good access to well-equipped green infrastructure elements for certain 

groups of people. The results show that in these two sub-areas, people aged 15 to 64, Asian, 

Maori and Pacific ethnic groups and people with low income have fewer opportunities to access 

green infrastructure elements. In the Eastern area, this also impacts people under 15 years old.  

 

In relation to the main research question, the findings indicate unequal access to well-

equipped GI elements in the CBD and the Eastern areas for people aged 15 to 64, for the ethnic 

groups Asian, Maori and Pacific and lower income groups. For these groups of people, the 

unequal access demonstrates that they cannot enjoy the same benefits available in other sub-

areas. Thus, this inequity of access to well-equipped GI elements not only exerts negative 

effects on the improvement of urban liveability, but also hinders the opportunities for a healthy 

lifestyle. 

 

5.5 Conclusion 

 

Equal access to green infrastructure elements benefits users in many ways. Improved 

physical activities, social interactions and mental health have been researched in the last few 

decades. To achieve social equity, all groups of populations should be able to access green 
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infrastructure elements, regardless of age, income or ethnic differences. This research, 

including analysis of distribution conditions, accessibility levels and accessibility-based equity 

levels of green infrastructure elements, has shown that green infrastructure elements are 

distributed equally in the case study area in an overall view. However, it is still a fact that they 

are located unequally in different circumstances.  

 

The distribution analysis has been addressed in five sub-areas in the case study area. Most 

smaller areas of GI elements (Public Garden and Neighbourhood GI) are located in the Western 

area with well-equipped facilities, while a large number of Neighbourhood GI and Natural GI 

is located in the Eastern and the Southern areas. Allocating more well-equipped GI elements is 

considered as an attempt to achieve urban liveability. However, evidently, it is not just the 

number and area of GI elements that need to be increased, but also the facilities inside. This 

research reveals that although there is a large number of GI elements present in the Eastern and 

the Southern areas, one third of them still have no facilities inside. Comparatively, GI elements 

with only passive facilities are more than three times those with active facilities. The findings 

indicate 25% of 338 GI elements in this research need to be improved urgently with basic 

facilities and 18% of the total number of GI elements need to be improved with more active 

facilities. 

 

Based on the distribution analysis, the best areas to get access to green infrastructure 

elements in five minutes’ walk are the Western and the Middle areas, then the Southern area. 

The CBD and the Eastern area are the poorest areas for accessible green infrastructure elements. 

Although a large number of Neighbourhood GI elements is present in the case study area, 

almost half of them have no facilities inside, especially in the Eastern area.  
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Interestingly, further accessibility-based equity analysis reveals that Europeans, those with 

an income over $50,000 and those aged between 15-64 have the best service provided by all 

types of GI elements. However, only around 10% of the population can access GI elements in 

the research areas if they are aged over 64, belong to Pacific, Maori or MELAA ethnic groups, 

or have an income between $5,001-$30,000. Although some results show fewer differences in 

percentages for people in different social-economic groups able to access certain GI elements 

such as Natural GI, the overall data indicate the fact that unequal distribution and accessibility 

still exist. 

 

To serve the population in cities better and to promote social equity of public services, many 

green infrastructure elements should continue to be improved in the Southern and the Eastern 

areas. Results indicate that quantity does not mean high quality. Preference should be given to 

Neighbourhood GI, where users could greatly benefit from recreational opportunities close to 

their homes. The accessibility-based equity analysis of green infrastructure elements within the 

context of central Auckland serves as a template for cities, particularly those in countries with 

a widening gap between the rich and the poor and which have different ethnic groups. Further 

interpretations and implications of the research results will be discussed in Chapter 6.  
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Chapter 6 Discussion and Conclusion  

The study was set out to explore the important role and impact of equal access to green 

infrastructure in delivering urban liveability to communities as a whole. The literature on this 

subject and that specifically in the context of central Auckland, has been used to address the 

main research question: How equal is walking access to well-equipped green infrastructure 

elements for key demographic and social-economic groups in central Auckland?  

 

The previous chapters have reviewed the relationships of relevant concepts, established 

research methods and reported on the findings addressing the main research question. The main 

purpose of this chapter is to summarise and discuss the implications of the key findings to 

determine the extent to which the delivery of liveability associated with green infrastructure in 

central Auckland exists and achieves equity of access across demographic and economic groups. 

 

Section 6.1interprets the connection of this research and the Auckland Plan and the Proposed 

Auckland Unitary Plan (PAUP, the principal planning instruments intended to facilitate 

compact development) to understand how the implications of the research are connected to 

achieve the goals in those strategic plans in the long-term. It follows with the original 

contribution to knowledge. The limitations of the research and the broader use in other cities 

are presented in sections 6.3 and 6.4 respectively, before concluding.  

 

6.1 Implications of the key findings 

 

A number of key implications are derived from the above conclusions to the analysis. The 

first is that ‘Green Infrastructure’ has increasingly been seen as an important component of 

improving urban liveability. It has been proved by many researches that green infrastructure 
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elements improve urban liveability by providing various social benefits, including improving 

levels of physical activity (Fairburn et al., 2005; Sherer, 2006; Weldon et al., 2007) and mental 

health (Ulrich, 1984; Korpela et al., 2001; Whitelaw et al., 2008). To ensure equitability of these 

social benefits, having equal access to high-quality green infrastructure is a crucial factor and a 

foundation to making places liveable for society as a whole (Fairburn, 2005; Sherer, 2006; 

Weldon, 2007). Researches (Fairburn, 2005; Sherer, 2006; Weldon, 2007) have shown that by 

accessing safe, local, good quality green infrastructure elements, higher levels of physical 

activity will be encouraged. Others (Mitchell & Popham, 2007; Takano, 2002; Kaczynski, 2007) 

also agree that living closer to parks increases the opportunities for social activities and more 

general social benefits. Under these circumstances, accessibility measure has been used to 

reflect whether the distribution of public benefits that green infrastructure delivers is equal and 

accessible. If equity is paramount in research that focuses on determining what factors account 

for service delivery, “accessibility, in turn, is a tool used to discover whether or not equity has 

been achieved” (Talen, 1998, p. 596). Good accessibility means easier access to opportunities 

(Wachs & Kumagai, 1973) and these opportunities for physical activities and social connections 

within the local community are provided by the facilities in each of the green infrastructure 

elements. As a result, it is crucial for local planning departments (in this case that of the 

Auckland Council) to know how equal is walking access to well-equipped green infrastructure 

elements for key demographic and social-economic groups. This research, applying the 

research method in a case study area in central Auckland, finds that, although the importance 

of green infrastructure elements has been recognised, inequity still exists in the CBD area and 

the Eastern area for certain groups of people. The suggestions of improvement have been 

addressed to associate with the local planning policy such as the Auckland Plan, the Proposed 

Auckland Unitary Plan, the City Centre Masterplan and the Parks and open space acquisition 

policy. 
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The second key implication in relation to New Zealand’s largest city and home to around a 

third of the population, is Auckland’s success in improving people’s quality of life. This is an 

explicit planning aim expressed in terms of enhancing the well-being of all Aucklanders 

(Council, 2012a, p. 361). The Auckland Plan (Council, 2012a, p. 3) is a 30-year strategy to 

achieve the vision for Auckland – to be the world’s most liveable city, “a strategically planned 

and delivered network of high-quality green spaces and other environmental features, delivers 

ecological and social services and quality of life benefits required by the communities they 

serve” (Council, 2012a, p. 305). This aim is given effect in the legal instruments of the Proposed 

Auckland Unitary Plan that sets out opportunities for a variety of recreational activities, such 

as sports, exercising, relaxing and socialising, provides amenity and respite and protects and 

enhances natural and cultural heritage (Council, 2013a, p. 58).  

 

Moreover, the Auckland Plan directs the future growth of the city to be at a higher density, 

especially at and around identified town centres, ten 19F

20 falling within the study area (Council, 

2012a, p. 261). This will progressively increase the population density in the study area, and it 

is essential that the social benefits derived from GI elements continue with this change, if the 

aim of delivering long-term liveability is to be achieved. Although there are a sufficient number 

of GI elements in the study area and reasonable equity of access, an increasing population will 

nevertheless place increasing pressure on them. The conclusions to this research identify the 

important role the well-equipped green infrastructure elements play and whether they have 

sufficient facilities inside to serve enough population equally in a walking distance. What is 

argued is that progressive improvement in the level of services offered by existing GI elements 

will be the best way of ensuring the delivery of social benefits over the long-term. It is a strategy 

that helps meet the green infrastructure objectives of Proposed Auckland Unitary Plan (PAUP) 

                                                 
20 Ten town centres falling the case study area are: Avondale, Ellerslie, Glen Innes, Mt Albert, Onehunga, Pt Chevalier, Remuera, 
Royal Oak, St Lukes and Three Kings. 
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(Council, 2013a, p. 60) by contributing positively to the enhancement of the natural 

environment. 

 

The third concluding issues noted by other researchers (Smith, 1986; Lucy, 1981; Miranda 

& Tunyavong 1994) is that equal distribution of green infrastructure elements is significant for 

the delivery of social equity. For example, Sugiyama (2010) points out that a large, high-quality 

GI element is needed within walking distance for sufficient amount of walking and physical 

activity to have public health benefits. To assist with identifying current and future needs for 

green infrastructure elements, Auckland Council aims to develop tools to assess the provision 

of these elements. The finding from this research will help identify where the capacity is and 

the degree of accessibility to green infrastructure elements in the study area. Moreover, by 

applying the same method of analysis, this can be extended to all other areas of the city and 

indeed any city. For green infrastructure element analysis, objective assessment has been used 

applying quantitative indicators such as distance, time and costs using GIS technology 

(Levinson, 1995; Erkip, 1997). This research applies distance as the indicator and chooses 

walking as the mobility mode. Good access refers to the distance that people are willing to walk 

from their homes to the nearest green infrastructure elements and this five minutes’ walk is 

regarded as the best access. The measurement in this research shows a relatively high level of 

accessibility of green infrastructure elements in the Western, the Middle and the Southern areas 

in three levels of walking distances. However, the CBD and the Eastern areas have a lower level 

of accessibility. This research is a good test to see how equal is walking access to the well-

equipped green infrastructures elements in key demographic and social-economic groups in 

central Auckland and to know whether it meets the Auckland Council’s aim to ensure that “all 

areas of Auckland have equitable access” (Council, 2013b, p. 16). 
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Equity of public services such as green infrastructure is of great importance. Some 

researchers (Weldon, 2007; Fairburn & Smith, 2008; Forest Research, 2010) have found that 

GI elements are unevenly distributed throughout cities. Lineberry (1977, P. 57-58) examined 

the allocation of some public services, such as police, fire, parks, etc., and concluded that the 

service distribution has been revealed to “discriminate against minorities, the poor, or the 

powerless”. The same argument has been made by Miranda and Tunayavong (1994) that 

unequal distribution of public services resulted in racial polarisation and inequity. Interestingly, 

some researchers also have addressed the problem of inequity existing in accessing public 

services, such as publicly owned parks and green space (Erkip, 1997; Omer, 2008; Heynen, 

2006l; Talen, 1998). Their research shows that inequity exists in particular among low-income 

groups (Miranda & Tunyavong, 1994). Lotfi and Koohsari (2009) argued that those on a low 

income, the disabled, the elderly and children have the least access to services such as parks. 

This research aligns with other findings that small publicly owned green infrastructure elements 

tend to be gathered around “high-income groups, main stream of the society and upper class of 

social-economic groups” (Omber, 2008; Heynen, 2006; Zhang et al., 2008).  

 

The findings indicate that although the results of accessibility of green infrastructure 

elements in the case study area show generally good access in all five sub-areas, the detailed 

analysis reveals that certain groups of people still do not have equal access to well-equipped 

green infrastructure elements. Who exactly can or cannot access to the services delivered by 

green infrastructure elements is a concern in this research, as this indicates inequity of access 

to well-equipped GI elements, especially for lower income groups and certain ethnicities in the 

CBD and the Eastern areas. As the Unitary Plan pointed “a low income limits people’s choice 

of social and recreational activities, their ability to participate in community life and wider 

society and generally diminishes their quality of life” (Council, 2013a, p.80). For the ethnic 

groups, approximately 60% of migrants to New Zealand settle in Auckland. To realise the 
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capability of the diverse population and communities, “a fair and inclusive city, and an 

accessible and well-connected city must be provided” (Council, 2013a, p. 70). 

 

The fourth broad conclusion is that high quality urban living experiences with access to 

green infrastructure with sufficient amenities (Council, 2013a, p. 20) is particularly important 

for a growing city, as increasing numbers of people will rely on this for their recreational needs. 

Public open spaces also contribute significantly to Auckland’s sense of place, including 

Auckland’s Maori identity (Council, 2013a, p. 62). Collectively Auckland’s green infrastructure 

elements, such as public open spaces “perform a range of functions that provide opportunities 

for a variety of recreational activities such as sports, exercising, relaxing and socialising” 

(Council, 2013a, p. 21). However, there is still a large number of poorly-equipped GI elements 

which decreases “the opportunities for the well-being of communities by providing public 

spaces and providing convenient and equal access for all” (Council, 2013a, p. 48). 

 

As a result, providing equal access to well-equipped green infrastructure is necessary for 

both minority and non-minority groups, and Talen (1998) suggested, even better accessibility 

to well-equipped GI elements should be provided to lower-income groups.  

 

6.2 Original contributions 

 

Though some researchers have considered the advantages of green infrastructure elements 

such as green space, public parks and green open space and the social benefits they deliver, 

little research has been conducted to evaluate the relationships between access equity to well-

equipped green infrastructure, that contributes to urban liveability for different social-economic 

groups. This research has connected different functions of green infrastructure and urban 

liveability, measured accessibility and analysed accessibility-based equity to see how equal is 
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walking access to the well-equipped green infrastructure elements. The research evaluates 

frequently used GIS-based methods and selects network analysis tool to quantify the 

accessibility levels based on real road systems in three walking levels in central Auckland. The 

analysis of the proportion of the users who cannot access well-equipped green infrastructure 

elements in the best access (5 minutes’ walk) is a reflection of the existence of accessibility-

based inequity in the case study area. 

 

This thesis also contributes to the literature by highlighting the social, environmental and 

ecological functions of green infrastructure elements. With a focus on the social services 

delivered by well-equipped green infrastructure elements, it connects the relevant concepts such 

as green infrastructure, accessibility and equity to explain how they contribute to an 

improvement of urban liveability. This research conducted the first research on the measure and 

analysis of accessibility-based equity of green infrastructure elements in central Auckland. It 

connects the suggestions with the features of each sub-area and provides association with the 

Auckland Plan, the Proposed Auckland Unitary Plan, the City Centre Masterplan and the Parks 

and open space acquisition policy identifying future development.  

 

6.3 Limitation of the research 

 

This research has a number of  limitations, including some deriving from a lack of data and 

a different way of calculation and expression of equity levels. One of the limitations is based 

on the boundaries of the case study area. The study area was divided into five sub-areas based 

on the highways and arterial roads in central Auckland. This division was carried on to make a 

clear idea of which part of central Auckland owns large amount of green infrastructure elements. 

The division of those five sub-areas was clearly shown on the map with the highways. 
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Alternative methods of division, including cluster method and using quadrants, were not 

suitable as the lines might cut through the green infrastructure elements. This would cause 

inaccurate measurement of walking distances and service population. However, although 

consequence of the method used led to the served population being calculated twice (as 

expelined), and resulted in a slightly higher ratio of coverage. But due to the close locations of 

two GI elements, service areas within 5, 10 or 15 minutes’ walking distances from their 

entrances had several overlapped areas, this meant that the populations living in these 

overlapped areas were covered in three walking distances for both of the GI elements. When 

the calculation was conducted, the populations in these overlapped areas were counted in both 

GI elements’ service areas. This led to repeated population statistics and caused a slightly larger 

number of population in the covered areas of certain walking distances. Since two GI elements 

are located geographically close to each other, the users living between can access either of 

them in the same walking distances. It is difficult to figure out how these users could be counted 

into the relevant service areas. Although an interview or questionnaire investigating people’s 

preference to different GI elements in central Auckland seems helpful to determine how many 

users could be divided into the covering area in certain walking distance, the limited time does 

not allow this research to conduct the survey and, more importantly, the research showed that 

the slightly higher population in the service area of each distance did not influence the research 

results to a large extent.  

 

Another concern is the way of expressing the equity levels as used in the research 

methodology. The method used aims to test the accessibility-based equity, particularly the 

percentage of people that have the best access to green infrastructure elements. However, the 

quantitative methodology used in this research is considered sufficient to fully  address the 

research questions set. 
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Since conditions such as traffic, weather and road conditions hinder the level of accessibility 

to GI elements differently, a lack of this type information potentially is another limitation. Many 

conditions such as busy traffic, rainy days, uphill paths and distance cause a decrease of 

accessibility to GI elements, by increasing time and physical effort. This research employed 5, 

10 and 15 minutes’ walking distances as the accessibility measurement, without considering 

these influences. This is because deployment of three different walking distances is sufficient 

to indicate the walking accessibility levels in this research area with 338 GI elements, especially 

with the understanding that 15 minutes’ walking is the maximum walking limit normaly 

accepted. In addition, there were no data collected that tracked the influence of traffic, weather 

and road conditions on accessibility to GI elements in Auckland regions. It was difficult to do 

fieldwork to collect these data given the  size of research area and research time limations. If 

the data about influences caused by traffic, weather and road conditions are available, more 

detailed information would be presented to show accessibility levels. The spatial relationship 

between people and green infrastructure elements considering those user behaviours (weather, 

traffic, etc.) could be a future research direction. 

 

6.4 Broader use in other cities and future research directions 

 

Green infrastructure (GI) is proposed to provide an ecological framework with its diverse 

benefits for social, economic and environmental health of the surroundings and this concept is 

generally associated with stormwater management and biodiversity protection. There is no 

research to date connecting GI elements with urban liveability, which is the assessment tool of 

the level of a city’s liveability, in terms of many aspects, such as social equity, safety 

environment, comfort and job satisfaction. The exploration on the connection between green 

infrastructure and urban liveability in this thesis provides a natural guide to future research that 
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could be conducted to identify public satisfaction on accessing public services provided by 

infrastructure, which is necessary to make sure that efforts to improve accessibility to GI 

elements could be perceived by the public.  

 

According to one of the methodological limitations of this study, different way of expressing 

equity levels could be compared in the future studies. The consideration of user behaviours 

(dicussed above) such as traffic, weather, road conditions and the users’ accessibility 

preferences to GI elements could be added when measuring accessibility. Impedances such as 

up and down hills, especially in a hilly city as Auckland city, street crossing points for 

pedestrians, waiting for traffic lights, rivers and bridges could be calculated when accessing 

green infrastructure elements. Thus further research is necessary in addressing effects caused 

by these conditions and in theoretic and practical practice, as these conditions constantly exert 

different effects on many aspects hindering accessibility, such as extra time consumption, more 

physical strength needed, etc. Comprehensively understanding the various effects of different 

conditions in association with accessibility to GI elements could be conducive to provide a 

reference to increase accessibility in the course of urban planning.  

 

Furthermore, research also remains to be done on the topic of connection between features 

of green infrastructure elements and accessibility. Theoretically, GI elements with different 

features could have different levels of attractiveness to people visiting them. For example, GI 

element with more green space for sports or outdoor activities are more attractive to teenagers 

or groups to do physical activities, sports competition, sports events and sports training. With 

the assistance of more passive facilities such as changing rooms and drinking fountains, the 

chance and visiting frequencies could be tested to address the attractiveness of the space and 

the importance of facilities. The attractiveness could be expressed on how willingly that people 

spend to overcome the obstacles between their homes and the green infrastructure elements. 
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That includes walking in longer distances, driving to further places, or taking long time public 

transport. The possibilities of increased attractiveness and frequencies of visit could then be 

performed to show the relationship between human behaviours and the usage of green 

infrastructure. Based on the idea of these future studies, users’ demand could also be calculated 

to determine various requirements of the facilities from different groups of the population, 

which could be employed to guide more specific development of improving the attractiveness 

of GI.  

 

6.5 Conclusion 

 

This study explored issues of measuring objective accessibility to green infrastructure 

elements with respect to the demographic and socio-economic status in central Auckland. This 

study is the first known attempt to present an analysis of the accessibility and equity levels of 

green infrastructure elements in the case study area. Reviewing the literature on relevant 

research topics, the relationship between urban liveability and equal access to well-equipped 

green infrastructure elements has been developed and explored with evidence. To explain the 

research questions further, it first created a proper methodology for measuring the level of 

objective accessibility to green infrastructure elements and secondly it analysed the results of 

accessibility-based equity with different demographic and social-economic groups of people in 

the best access (5 minutes’ walk).  

 

The result clarified that the big picture of either distribution and accessibility of green 

infrastructure is in a good situation. However, when looking at the detailed information of green 

infrastructure elements, such as their categories and facilities, considering more variables 

connected to the usage, such as age, ethnic groups and income, the results are changed. Poorly-
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equipped green infrastructure elements, referring to the ones with only passive facility or no 

facility, account for almost half of all green infrastructure elements in the case study area. With 

the insufficient amount of facility, the social services have been limited to a relatively lower 

level. The results show that the accessibility levels and accessibility-based equity were similarly 

at a low level in terms of different groups of people. When analysing the population in the best 

access level, the main stream of society (European) and the people with higher income are 

closer to the well-equipped green infrastructure elements than other ethnic groups and those 

with low income in the CBD and the Eastern areas. The question is that there should be equity 

in access for all groups of society. However, this research revealed that people with low income 

and minority groups live around poorly-equipped green infrastructure elements. 

 

Therefore, there is a need to improve the green infrastructure elements, not just by creating 

new areas, but developing existing ones in the case study area. Users’ preferences, for daily 

used green infrastructure elements is based upon their facilities and services provided. Small-

scale, single-purpose facilities such as playground and fitness equipment may resolve most of 

the problems for all income levels.   
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APPENDIX A. Information of 338 green infrastructure elements 

Green Infrastructure elements Area (m2) Sub-area 
Victoria Park 95681 CBD 

Myers Park 30947 CBD 
Silo Park 13171 CBD 
Albert Park 81531 CBD 
Alten Reserve 9251 CBD 
Emily Place Park 1605 CBD 
Mahuhu ki te Rangi Reserve 4876 CBD 
Te Taou Reserve 4762 CBD 
Western Park 75482 Western 
Costley Reserve 5048 Western 
Tole Reserve  14157 Western 
Point Erin Park 53626 Western 
Salisbury Reserve 8064 Western 
Sentinel Beach Reserve 1009 Western 
Home Bay Beach 950 Western 
Wairangi Wharf Reserve 982 Western 
Cremorne Reserve 1006 Western 
Cox Bay Reserves (including Bayfield 
Park, Hukanui Reserve) 

184420 Western 

Westmere Park 3632 Western 
Weona Reserve 1049 Western 
Lemington Reserve 6470 Western 
Sedden Fields & Jaggers Bush 126341 Western 
Meola Reef Reserve 128633 Western 
Coyle Park 44194 Western 
Walker Park 49234 Western 
Eric Armishaw Park 14363 Western 
Harbour View Reserve 19107 Western 
Raymond Reserve 5147 Western 
Western Springs 231507 Western 
Moa Reserve 7826 Western 
Grey Lynn Park 105174 Western 
Arch Hill Scenic Reserve 60741 Western 
Brown Reserve 1461 Western 
Norfolk Reserve 662 Western 
Moira Reserve 2929 Western 
Vermont Reserve 5559 Western 
Sackville Reserve 2066 Western 
Hakanoa Reserve 2845 Western 
Wellpark Reserve 13129 Western 
Francis Reserve 8671 Western 
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Premier Reserve 1517 Western 
St. Marys Reserve 707 Western 
Bishop Pompallier Reserve 367 Western 
Harry Dansey Park 6956 Western 
Home Reserve 676 Western 
Cooper Reserve 318 Western 
Rawene Ave Reserve 338 Western 
Tirotai Reserve 2354 Western 
Ireland Reserve 437 Western 
Walmer South Reserve 7078 Western 
Basque Road Reserve 21455 Middle 
Virginia Reserve 6945 Middle 
Aitken Reserve 1338 Middle 
Nixon Park 25260 Middle 
School Reserve 8861 Middle 
Wolseley Reserve 680 Middle 
Fowlds Park 117806 Middle 
Bannerman Reserve 636 Middle 
Norgrove Reserve 2126 Middle 
Rawalpindi Reserve 7083 Middle 
Braemar Reserve 1824 Middle 
Ferndale Park 6658 Middle 
Alice Wylie Reserve 4879 Middle 
Coronation Oaks Reserve 501 Middle 
Mt Albert War Memorial Reserve 44266 Middle 
Warren Freer Park 18583 Middle 
Gribblehirst Park 59196 Middle 
Sainsbury Park 2146 Middle 
Potters Park 30119 Middle 
Taylors Park 8869 Middle 
Ballantyne Square 3337 Middle 
Bellevue Park 4705 Middle 
Monkey Hill Reserve 1142 Middle 
Edenvale Park 6107 Middle 
Mt Eden (Tahaki Reserve) 296858 Middle 
Louis Aldophus Durrieu Reserve 627 Middle 
Bridgeman Reserve 780 Middle 
Essex Reserve 1116 Middle 
Nicholson Park 21374 Middle 
Melville Park 46295 Middle 
Windmill Park 31966 Middle 
Merivale Reserve 6877 Middle 
Morvern Reserve 3647 Middle 
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Watling Reserve 17885 Middle 
Centennial Park 6178 Middle 
Pollard Park 12558 Middle 
Arthur Falkner Reserve 8780 Middle 
Freyberg Field 12314 Middle 
Harwood Reserve 2000 Middle 
Sandringham Reserve 1114 Middle 
Taumata Reserve 4465 Middle 
Kerr Taylor Reserve 21343 Middle 
Edendale Reserve 6808 Middle 
Fearon Park 25615 Middle 
Harold Long Reserve 17548 Middle 
Arthur Richards Memorial Park 20205 Middle 
Big King Reserve 79226 Middle 
Three Kings Reserve 67515 Middle 
Smallfield Reserve 3060 Middle 
Watea Reserve 18830 Middle 
Robinson Reserve 7546 Middle 
Konini Reserve 7989 Middle 
Massey Reserve 2542 Middle 
Te Kawa Reserve 3012 Middle 
Rockfield Reserve 2743 Middle 
Marei Reserve 804 Middle 
Maroa Road Reserve 7217 Middle 
Fergusson Domain 62476 Middle 
Burrett Business Park 10088 Middle 
Mt Smart Domain 224208 Middle 
Fong Reserve 424 Middle 
Paihia Reserve 8008 Middle 
Taiere Reserve 763 Middle 
Mt. St. John Domain 48913 Middle 
Marivare Reserve 2339 Middle 
Griffin Reserve 5578 Middle 
Cornwall Park (One tree hill Domain) 1927355 Middle 
Newsome Park 1759 Middle 
Rowan Reserve 2317 Middle 
Buckley Road Reserve 770 Middle 
Fernleigh Ave Reserve 2683 Middle 
Oakley Creek Walkway 97869 Southern  
Phyllis Reserve 84450 Southern  
Harbutt Reserve 74882 Southern  
Waitati Reserve 6253 Southern  
Alan Wood Park 74075 Southern  
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Hendon Park 51147 Southern  
Brydon Reserve 6639 Southern  
New Windsor Reserve 4092 Southern  
Whitney Reserve 713 Southern  
Dickey Reserve 6268 Southern  
Dallas Reserve 1679 Southern  
Nirvana Reserve 10595 Southern  
Blockhouse Bay Recreation Reserve 129017 Southern  
Anderson Park 16367 Southern  
Murray Halberg Park 32708 Southern  
Mt Albert Domain (Owairaka Domain) 114701 Southern  
Owairaka Park 30848 Southern  
Underwood Park 39025 Southern  
Walmsley Park 35766 Southern  
War Memorial Park (Lovelock Track) 140250 Southern  
John Moore Reserve 15944 Southern  
Wilsons Corner Reserve 857 Southern  
Keith Hay Reserve 230325 Southern  
Winstone Park 88344 Southern  
Freeland Reserve 14230 Southern  
Turner Reserve 5371 Southern  
Plantation Reserve 2476 Southern  
Margaret Griffen Park 92546 Southern  
Gittos Domain (Avondale South Domain) 152365 Southern  
Shipton Reserve 8046 Southern  
Lynfield Cove Reserve 93684 Southern  
Wairaki Stream Reserve 60642 Southern  
Strathnaver Reserve 2028 Southern  
Lynfield Reserve 26034 Southern  
Oriana Reserve 10161 Southern  
The Avenue Reserve 2490 Southern  
Manukau Domain 95422 Southern  
Wattle Bay Reserve 341162 Southern  
Waikowhai Park 231897 Southern  
Quona Reserve 1984 Southern  
John Rosser Reserve 4786 Southern  
Ramelton Reserve 2925 Southern  
Stranolar Reserve 3333 Southern  
Bob Bodt Reserve 2626 Southern  
Nash RD Reserve 1854 Southern  
Arkells Reserve 5639 Southern  
Molley Green Reserve 14496 Southern  
West Reserve 19772 Southern  
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Hillsborough Reserve 17955 Southern  
Hendry Reserve 14982 Southern  
Belfast Reserve 64637 Southern  
Taylors Bay Reserve 3738 Southern  
Frederick St Reserve 4392 Southern  
Pallister Reserve 809 Southern  
Monte Cecilia Park 147991 Southern  
Seymour Park 24985 Southern  
Vagus Reserve 947 Southern  
Jordon Ave Reserve 12137 Southern  
Tin Tacks Reserve 4558 Southern  
Jellicoe Park 31648 Southern  
Sutties Road Reserve 7300 Southern  
Hornes Reserve 3173 Southern  
Onehunga Bay Reserve 93972 Southern  
Gloucester Park 79720 Southern  
Rawe Reserve East 4646 Southern  
Buchanan Park 2808 Southern  
Church St. Reserve 858 Southern  
Captain Springs Reserve 21815 Southern  
Waikaraka Park 138771 Southern  
Hamlins Hill/Mutukaroa Regional Park 492945 Southern  
Simson Reserve 18690 Southern  
Saunders Reserve 3003.91 Southern  
Kuaka Reserve 2523.22 Southern  
Howlett Reserve 7764.38 Southern  
Waterview Reserve 4817.5 Southern  
Seaside Reserve 807.25 Southern  
Fairlands Reserve 4016.65 Southern  
Tutuki Reserve 4041.76 Southern  
Heron Park 97799.29 Southern  
Henry Reserve 3765.44 Southern  
Tait Park 1557.59 Southern  
Canal Reserve 3448.95 Southern  
Eastdale Reserve 70021.68 Southern  
Fonteyn Park 4347.42 Southern  
Orchard Reserve 4639.27 Southern  
Avondale West Reserve 3742.44 Southern  
Riversdale Reserve 77919.51 Southern  
Tony Segedin Esplanade Reserve 20512.01 Southern  
Tony Segedin Reserve 2050.85 Southern  
Avondale Central Reserve 13347.92 Southern  
Chalmers Reserve 23786.03 Southern  
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St. Georges Reserve 4815.09 Southern  
Miranda Reserve 35203.35 Southern  
Blockhouse Bay Beach Reserve 40867.6 Southern  
Auckland Domain 737342 Eastern  
Fraser Park 8017 Eastern  
Gladstone Park 9240 Eastern  
Dove-Myer Robinson Park (Taurarua 
Judges Bay) 

68752 Eastern  

Point Resolution Park 13761 Eastern  
Awatea Reserve 12879 Eastern  
Teal Park 10836 Eastern  
Heard Park 1220 Eastern  
Scarborough Reserve 7484 Eastern  
Alberon Reserve 26307 Eastern  
Ayr Reserve 62418 Eastern  
Thomas Bloodworth Park 30359 Eastern  
Hapua Reserve 3235 Eastern  
Shore Road Reserve 79008 Eastern  
Waitaramoa Reserve 60556 Eastern  
Wharua Reserve 17261 Eastern  
Martyn Wilson Field Reserve 27284 Eastern  
Lingarth Reserve 3614 Eastern  
Waiata Reserve 66553 Eastern  
Newmarket Park (with Bassett Park) 64924 Eastern  
Endeavour Park 10579 Eastern  
Olympic Reserve 1602 Eastern  
Lumsden Green 2079 Eastern  
Outhwaite Park 9219 Eastern  
Boston RD Reserve 1759 Eastern  
Mt Hobson Domain 139243 Eastern  
Platina Reserve 11717 Eastern  
Ascot Park 1229 Eastern  
Wairua Reserve 13824 Eastern  
Ellerslie Domain  27208 Eastern  
Michaels Avenue Reserve 91664 Eastern  
Lawry Reserve 5910 Eastern  
Canon Park 7258 Eastern  
Koraha Reserve 37142 Eastern  
Liston Park 42882 Eastern  
College Rifles Park 36256 Eastern  
Waiatarua Reserve 408688 Eastern  
Allen Johnstone Reserve 3697 Eastern  
Swainston Reserve 7340 Eastern  
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Merton Reserve 26447 Eastern  
Ngahue Reserve 79013 Eastern  
Mt Wellington Domain 297825 Eastern  
Glover Park 86432 Eastern  
Churchill Park 414676 Eastern  
Glendowie Park 68440 Eastern  
Roberta Reserve 60510 Eastern  
Cranbrook Reserve 3260 Eastern  
Taylors Hill Reserve 60092 Eastern  
Crossfield Reserve 91588 Eastern  
Sierra Reserve 4076 Eastern  
Maskell Reserve 2447 Eastern  
Dingle Dell Reserve 67049 Eastern  
Vellenoweth Green  33561 Eastern  
St Heliers Bay 6289 Eastern  
Melanesia Reserve 16251 Eastern  
Madills Farm Reserve 109799 Eastern  
Atkinson Reserve 7471 Eastern  
Kepa Bush Reserve 132923 Eastern  
Patteson Reserve 16451 Eastern  
Nihill Reserve 13241 Eastern  
Mary Atkin Reserve 10227 Eastern  
Selwyn Domain 41505 Eastern  
Michael Joseph Savage Memorial Park 422975 Eastern  
Aotea Reserve 12107 Eastern  
Te Arawa Reserve 6792 Eastern  
Kupe North Reserve 8008 Eastern  
Kupe Reserve 11816 Eastern  
Tautari Reserve 1986 Eastern  
Okahu Bay Reserve 4356 Eastern  
Orakei Domain 85587 Eastern  
Watene Reserve 6354 Eastern  
Ngapipi Reserve 27418 Eastern  
Taniwha Reserve 15299 Eastern  
Maybury Reserve 77786 Eastern  
Point England Recreation Reserve 414488 Eastern  
Waiotaik Nature Reserve 53367 Eastern  
Fernwood Reserve 61095 Eastern  
Tahuna Torea Nature Reserve 103183 Eastern  
West Tamaki Reserve 2290 Eastern  
Leybourne Reserve 17050 Eastern  
Elstree North Reserve 14906 Eastern  
Wimbledon Reserve 35681 Eastern  
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Paddington Reserve 30572 Eastern  
Paritai Reserve 43739 Eastern  
Eastview Reserve 43907 Eastern  
Apirana Reserve 77090 Eastern  
Talbot Reserve 8797 Eastern  
Kotutu Reserve 2775 Eastern  
Taurima Reserve 13070 Eastern  
Riverside Reserve 26278 Eastern  
Boundary Reserve 53816 Eastern  
Hobson Reserve 6024 Eastern  
Court Reserve 7177 Eastern  
Mauinaina Reserve 14216 Eastern  
Johnson Reserve 36125 Eastern  
Mt Wellington War Memorial Reserve 120015 Eastern  
Dunkirk Reserve 25579 Eastern  
Allenby Reserve 9543 Eastern  
Domain RD Reserve 9202 Eastern  
Panmure Basin 606380 Eastern  
Bill Mckinlay Park 19885 Eastern  
Malone RD Reserve 3306 Eastern  
Thompson Park 26854 Eastern  
Torino Reserve 8065 Eastern  
Almond Reserve 6450 Eastern  
Cebalo Place Reserve 1652 Eastern  
Alcock Reserve 10664 Eastern  
Lavas Reserve 6636 Eastern  
Vic Cowen Park 10703 Eastern  
Commissariat Reserve 4119 Eastern  
Skinner Reserve 1769 Eastern  
Hamlin Park 28910 Eastern  
Savage Park 4178 Eastern  
Bertrand Reserve 12318 Eastern  
Bonnie Brae Reserve 4300 Eastern  
Kelvin Reserve 2095 Eastern  
Little Rangitoto Reserve 23710 Eastern  
Orakei Basin Reserve 541623 Eastern  
Puka Reserve 3180 Eastern  
Rutherford Reserve 17889 Eastern  
Ventnor Reserve 4048 Eastern  
Tahapa Reserve 41650 Eastern  
St Johns Bush 40337 Eastern  
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APPENDIX B. Facility conditions of green infrastructure elements  

Green 
Infrastructure 
elements 

Sub-area Active facilities Passive facilities 

Victoria Park CBD Café, cricket club, kindergarten, skate park, playground Bathroom, chairs, parking 
Myers Park CBD Kindergarten, historical building, playground Bathroom, chairs, parking, sculptures 
Silo Park CBD Basketball Court, pool, playground Bathroom, chairs 
Albert Park CBD No facility Bathroom, chairs, sculptures, drinking fountain, 

fountain, Pavilion 
Alten Reserve CBD No facility Chairs, drinking fountain 
Emily Place 
Park 

CBD No facility Chairs 

Mahuhu ki te 
Rangi Reserve 

CBD No facility Chairs, fountain, sculpture 

Te Taou Reserve CBD No facility Chairs, sculpture, parking 
Western Park Western Public Tennis Courts, sports field, playground Chairs, sculptures, parking for bikes, bathroom 
Costley Reserve Western Playground Chairs  
Tole Reserve  Western Skateboard Bowl, basketball court, playground Chairs, drinking fountain 
Point Erin Park Western Swimming pool, playground Chairs, bathroom, parking (bikes, cars) 
Salisbury 
Reserve 

Western Sports field, playground Chairs 

Sentinel Beach 
Reserve 

Western No facility Chairs, bathroom, shower 

Home Bay Beach Western No facility Nothing 
Wairangi Wharf 
Reserve 

Western Bridge for fishing and diving Nothing 

Cremorne 
Reserve 

Western No facility Nothing 
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Cox Bay 
Reserves 
(including 
Bayfield Park, 
Hukanui 
Reserve) 

Western Tennis courts, Tennis club, Herne Bay rackets club, 
playing field, basketball goal, volleyball court 

Chairs, drinking fountain, BBQ, parking 

Westmere Park Western No facility Nothing 
Weona Reserve Western Closed due to slip Nothing 
Lemington 
Reserve 

Western No facility Nothing 

Sedden Fields & 
Jaggers Bush 

Western Sports field  Nothing 

Meola Reef 
Reserve 

Western No facility Bathroom, drinking fountain for dogs, parking 

Coyle Park Western Playground Chairs, bathroom, sculpture, BBQ, parking 
Walker Park Western Sports field, cricket nets, playground, exercise 

equipment 
Bathroom, chairs, drinking fountain, BBQ 

Eric Armishaw 
Park 

Western Coastal walkway, playground Chairs, bathroom, parking   

Harbour View 
Reserve 

Western No facility Chairs, BBQ 

Raymond 
Reserve 

Western Sailing club Chairs, bathroom, parking 

Western Springs Western Playground, ice cream shop Chairs, bathroom, BBQ, drinking fountain, parking 
Moa Reserve Western Playground Chairs 
Grey Lynn Park Western Playing fields, padding pool, rugby club, playground Chairs, bathroom, sculpture, parking 
Arch Hill Scenic 
Reserve 

Western Basketball field, playground Chairs 

Brown Reserve Western Swing Chairs 
Norfolk Reserve Western No facility Chairs 
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Moira Reserve Western Playground Chairs 
Vermont 
Reserve 

Western Playground Chairs, drinking fountain 

Sackville 
Reserve 

Western Playground Chairs, BBQ 

Hakanoa 
Reserve 

Western No facility Nothing 

Wellpark 
Reserve 

Western No facility Nothing 

Francis Reserve Western Playground Nothing 
Premier Reserve Western Playground Nothing 
St. Marys 
Reserve 

Western No facility Chairs 

Bishop 
Pompallier 
Reserve 

Western No facility Chairs 

Harry Dansey 
Park 

Western No facility Parking 

Home Reserve Western Playground, basketball goal Chairs, parking 
Cooper Reserve Western No facility Chairs 
Rawene Ave 
Reserve 

Western No facility Nothing 

Tirotai Reserve Western Playground Chairs 
Ireland Reserve Western Playground Chairs 
Walmer South 
Reserve 

Western No facility Nothing 

Basque Road 
Reserve 

Middle No facility Chairs, sculpture 

Virginia Reserve Middle Playground Chairs  
Aitken Reserve Middle Playground Nothing 
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Nixon Park Middle Scout den, basketball/volleyball, playground Chairs, parking 
School Reserve Middle Playground, basketball goal Chairs 
Wolseley 
Reserve 

Middle No facility Nothing 

Fowlds Park Middle League club, bowling club, netball courts, basketball 
goal, exercise equipment, playground 

Chairs, bathroom, parking 

Bannerman 
Reserve 

Middle Playground Chairs 

Norgrove 
Reserve 

Middle No facility Nothing 

Rawalpindi 
Reserve 

Middle Playground Chairs 

Braemar 
Reserve 

Middle Playground Chairs 

Ferndale Park Middle No facility Chairs, parking 
Alice Wylie 
Reserve 

Middle No facility Chairs, sculpture 

Coronation 
Oaks Reserve 

Middle No facility Chairs 

Mt Albert War 
Memorial 
Reserve 

Middle Tennis court, basketball goal, playground, exercise 
equipment 

Chairs, sculpture, bathroom, BBQ, drinking fountain, 
parking 

Warren Freer 
Park 

Middle Softball club, exercise equipment, playing fields, 
playground 

Chairs 

Gribblehirst 
Park 

Middle Rugby club, bowling club, basketball, playground, 
playing fields 

Chairs, sculpture, bathroom, BBQ, parking 

Sainsbury Park Middle No facility Chairs 
Potters Park Middle Playground, basketball Chairs, pavilion, bathroom, sculpture 
Taylors Park Middle Playground Chairs 
Ballantyne 
Square 

Middle No facility Chairs, drinking fountain 
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Bellevue Park Middle Playground Chairs 
Monkey Hill 
Reserve 

Middle Playground Chairs 

Edenvale Park Middle Playground Chairs 
Mt Eden 
(Tahaki 
Reserve) 

Middle Garden, playground Chairs, bathroom, drinking fountain, parking 

Louis Aldophus 
Durrieu Reserve 

Middle No facility Chairs  

Bridgeman 
Reserve 

Middle No facility Chairs 

Essex Reserve Middle Playground Chairs, sculpture 
Nicholson Park Middle Tennis club, art centre, playground Chairs 
Melville Park Middle Club, playground, playing fields Chairs, bathroom, drinking fountain  
Windmill Park Middle Netball club, basketball, playing fields Chairs, BBQ 
Merivale 
Reserve 

Middle No facility Nothing 

Morvern 
Reserve 

Middle No facility Chairs 

Watling Reserve Middle Playground Chairs 
Centennial Park Middle Playground, basketball goal Chairs, bathroom 
Pollard Park Middle Scout den, cricket nets, playing fields, playground Chairs, bathroom, drinking fountain, parking 
Arthur Falkner 
Reserve 

Middle Scout group, tennis club, playground Chairs, parking 

Freyberg Field Middle playing fields Chairs 
Harwood 
Reserve 

Middle Playground Chairs 

Sandringham 
Reserve 

Middle Playground Chairs, bathroom 
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Taumata 
Reserve 

Middle Playground Chairs 

Kerr Taylor 
Reserve 

Middle No facility Nothing 

Edendale 
Reserve 

Middle Playing fields Nothing 

Fearon Park Middle Playing fields, playground Chairs, bathroom, drinking fountain, parking 
Harold Long 
Reserve 

Middle Tennis court Chairs 

Arthur Richards 
Memorial Park 

Middle Playground Chairs 

Big King 
Reserve 

Middle No facility Chairs, bathroom, parking 

Three Kings 
Reserve 

Middle Library, tennis courts, playing fields Chairs, bathroom, parking 

Smallfield 
Reserve 

Middle No facility Nothing 

Watea Reserve Middle No facility Chairs 
Robinson 
Reserve 

Middle Playground Chairs 

Konini Reserve Middle Playground Chairs, bathroom 
Massey Reserve Middle No facility Nothing 
Te Kawa 
Reserve 

Middle No facility Chairs  

Rockfield 
Reserve 

Middle No facility Nothing 

Marei Reserve Middle No facility Chairs 
Maroa Road 
Reserve 

Middle No facility Nothing 

Fergusson 
Domain 

Middle Playground, rugby football & sports club, basketball 
court 

Chairs, parking 
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Burrett Business 
Park 

Middle No facility Nothing 

Mt Smart 
Domain 

Middle Mt smart stadium, playing fields Parking 

Fong Reserve Middle Playground Chairs 
Paihia Reserve Middle No facility Nothing 
Taiere Reserve Middle No facility Chairs 
Mt. St. John 
Domain 

Middle No facility Nothing 

Marivare 
Reserve 

Middle No facility Chairs, bathroom 

Griffin Reserve Middle Olympic training court, playground Chairs 
Cornwall Park 
(One tree hill 
Domain) 

Middle Archery club, bowling club, playground, cricket nets, 
fitness keep, rugby football, nursery, garden, stardom 
observatory, tennis courts, restaurant, kiosk, 
information centre 

Chairs, bathrooms, drinking fountain, BBQ, rotunda, 
pergola, flag pole, fountain, sculpture, obelisk 

Newsome Park Middle Tennis club Chairs 
Rowan Reserve Middle No facility Chairs 
Buckley Road 
Reserve 

Middle Playground Chairs 

Fernleigh Ave 
Reserve 

Middle Tennis club Chairs 

Oakley Creek 
Walkway 

Southern  No facility Nothing 

Phyllis Reserve Southern  Sports club, playground, playing fields Chairs, bathroom, parking 
Harbutt Reserve Southern  Playground Chairs 
Waitati Reserve Southern  No facility Nothing 
Alan Wood Park Southern  Playing fields, basketball hoop Nothing 
Hendon Park Southern  No facility (under construction) Nothing 
Brydon Reserve Southern  Playground Chairs 



      

198 
 

New Windsor 
Reserve 

Southern  No facility Chairs 

Whitney Reserve Southern  No facility Nothing 
Dickey Reserve Southern  Playground Chairs 
Dallas Reserve Southern  Playground Chairs 
Nirvana Reserve Southern  No facility Nothing 
Blockhouse Bay 
Recreation 
Reserve 

Southern  Playing fields, tennis club, playground Chairs, bathroom, BBQ, parking 

Anderson Park Southern  Tennis court, football club, swings Chairs, bathroom (locked), changing room 
Murray Halberg 
Park 

Southern  Scout den, basketball hoop, playground, playing fields Chairs, bathroom, parking 

Mt Albert 
Domain 
(Owairaka 
Domain) 

Southern  Archery club, playing fields Chairs, bathroom, parking 

Owairaka Park Southern  Basketball courts, skate park, playing fields, 
playground 

Chairs, bathroom, parking 

Underwood 
Park 

Southern  No facility Nothing 

Walmsley Park Southern  No facility Chairs  
War Memorial 
Park (Lovelock 
Track) 

Southern  Community centre, youth zone, fitness keep, athletic 
track, playing fields, basketball courts, playground, 
skate park, restaurant 

Chairs, bathroom, parking  

John Moore 
Reserve 

Southern  Playground Nothing 

Wilsons Corner 
Reserve 

Southern  No facility Chairs 

Keith Hay 
Reserve 

Southern  Football fields, cricket wickets, football club, gym, 
playground, cricket nets, pool 

Chairs, bathroom, drinking fountain, parking, changing 
room 
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Winstone Park Southern  No facility Chairs, parking 
Freeland 
Reserve 

Southern  No facility Nothing 

Turner Reserve Southern  Playground, basketball court Chairs 
Plantation 
Reserve 

Southern  No facility Nothing 

Margaret 
Griffen Park 

Southern  Recreation centre, play centre, playing fields, scout 
group, playground, basketball court 

Chairs, bathroom, sculptures, parking 

Gittos Domain 
(Avondale South 
Domain) 

Southern  Walkway Nothing 

Shipton Reserve Southern  Playground Chairs 
Lynfield Cove 
Reserve 

Southern  Playground, walkway Chairs  

Wairaki Stream 
Reserve 

Southern  No facility Nothing 

Strathnaver 
Reserve 

Southern  No facility Nothing 

Lynfield Reserve Southern  Skate park, playground Chairs, bathroom, parking 
Oriana Reserve Southern  Tennis club Parking 
The Avenue 
Reserve 

Southern  No facility Nothing 

Manukau 
Domain 

Southern  No facility Nothing 

Wattle Bay 
Reserve 

Southern  No facility Chairs, parking 

Waikowhai Park Southern  Boat ramp, playground, bush walks Chairs, bathroom, bathroom, BBQ, parking 
Quona Reserve Southern  Playground Chairs 
John Rosser 
Reserve 

Southern  No facility Nothing 
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Ramelton 
Reserve 

Southern  No facility Nothing 

Stranolar 
Reserve 

Southern  Playground Chairs 

Bob Bodt 
Reserve 

Southern  No facility Nothing 

Nash RD 
Reserve 

Southern  No facility Nothing 

Arkells Reserve Southern  No facility Chairs 
Molley Green 
Reserve 

Southern  Basketball court, playground Chairs 

West Reserve Southern  Basketball court, playground Chairs 
Hillsborough 
Reserve 

Southern  Playing fields Chairs, parking 

Hendry Reserve Southern  No facility Nothing 
Belfast Reserve Southern  No facility Nothing 
Taylors Bay 
Reserve 

Southern  Playground Chairs, bathroom, parking 

Frederick St 
Reserve 

Southern  No facility Nothing 

Pallister Reserve Southern  Playground Chairs 
Monte Cecilia 
Park 

Southern  Homestead, café Chairs, parking 

Seymour Park Southern  Playing fields Chairs, bathroom, changing room, drinking fountain 
Vagus Reserve Southern  No facility Nothing 
Jordon Ave 
Reserve 

Southern  Playground, playing fields Chairs 

Tin Tacks 
Reserve 

Southern  Playground Chairs, parking, sculpture 

Jellicoe Park Southern  Pool, playground Chairs, parking, bathroom, sculpture, fountain 
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Sutties Road 
Reserve 

Southern  No facility Nothing 

Hornes Reserve Southern  No facility Chairs 
Onehunga Bay 
Reserve 

Southern  Skate park, playground, walkway Chairs, parking, bathroom 

Gloucester Park Southern  Playing fields Nothing 
Rawe Reserve 
East 

Southern  Dolphin theatre Chairs, parking 

Buchanan Park Southern  Playground Chairs 
Church St. 
Reserve 

Southern  No facility Chairs, bathroom 

Captain Springs 
Reserve 

Southern  Bowling club, dog training club, basketball hoop Chairs, parking 

Waikaraka Park Southern  Sports club, dog club, playing fields Nothing 
Hamlins 
Hill/Mutukaroa 
Regional Park 

Southern  No facility Nothing 

Simson Reserve Southern  Playing fields Parking 
Saunders 
Reserve 

Southern  Boat ramp Chairs, BBQ 

Kuaka Reserve Southern  Playground Chairs, bathroom, drinking fountain, sculpture 
Howlett Reserve Southern  No facility Nothing 
Waterview 
Reserve 

Southern  Playground, basketball court, tennis court Chairs, bathroom 

Seaside Reserve Southern  No facility Chairs 
Fairlands 
Reserve 

Southern  Playground Chairs 

Tutuki Reserve Southern  No facility Nothing 
Heron Park Southern  Playground Chairs, bathroom, drinking fountain, parking  
Henry Reserve Southern  Playground Chairs 
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Tait Park Southern  No facility Chairs, parking 
Canal Reserve Southern  Swing, basketball court Nothing 
Eastdale Reserve Southern  Playground, playing fields, basketball court, tennis 

court, fitness equipment 
Chairs, bathroom, changing room, BBQ, parking 

Fonteyn Park Southern  Playground, basketball hoop Chairs 
Orchard 
Reserve 

Southern  Playground Chairs 

Avondale West 
Reserve 

Southern  Boat ramp  Chairs 

Riversdale 
Reserve 

Southern  Playground, sports fields, skate park, basketball court, 
volleyball court 

Chairs, bathroom, parking 

Tony Segedin 
Esplanade 
Reserve 

Southern  Tennis court  Chairs, BBQ 

Tony Segedin 
Reserve 

Southern  No facility Nothing 

Avondale 
Central Reserve 

Southern  Playground, sports fields  Chairs, bathroom, sculptures  

Chalmers 
Reserve 

Southern  Playground Chairs, BBQ 

St. Georges 
Reserve 

Southern  No facility Nothing 

Miranda 
Reserve 

Southern  Playground  Chairs 

Blockhouse Bay 
Beach Reserve 

Southern  Playground, boat ramp Chairs, bathroom, shower, BBQ, drinking fountain, 
parking 

Auckland 
Domain 

Eastern  Playing fields, café, winter garden, museum, nursery Chairs, bathroom, drinking fountain, sculptures, 
pavilion, parking, duck ponds 

Fraser Park Eastern  No facility Chairs 
Gladstone Park Eastern  Tennis club, childhood centre, playground Chairs, bathroom, BBQ, drinking fountain, parking 
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Dove-Myer 
Robinson Park 
(Taurarua 
Judges Bay) 

Eastern  Garden, judges bay Chairs, bathroom, BBQ, drinking fountain, shower, 
parking 

Point Resolution 
Park 

Eastern  No facility Chairs 

Awatea Reserve Eastern  No facility Nothing 
Teal Park Eastern  No facility Parking 
Heard Park Eastern  Swing Chairs, bathroom 
Scarborough 
Reserve 

Eastern  No facility Chairs 

Alberon Reserve Eastern  No facility Chairs 
Ayr Reserve Eastern  No facility Chairs, walkway 
Thomas 
Bloodworth 
Park 

Eastern  Cricket club, cricket wicket, cricket net Chairs, bathroom  

Hapua Reserve Eastern  No facility Nothing 
Shore Road 
Reserve 

Eastern  Playground, playing fields, cricket net Chairs, bathroom, changing room, parking 

Waitaramoa 
Reserve 

Eastern  No facility Chairs 

Wharua Reserve Eastern  Playground Chairs 
Martyn Wilson 
Field Reserve 

Eastern  Playing fields, cricket net Chairs 

Lingarth 
Reserve 

Eastern  No facility Nothing 

Waiata Reserve Eastern  No facility Chairs, walkway 
Newmarket 
Park (with 
Bassett Park) 

Eastern  Playground chairs, bathroom, parking, sculpture 
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Endeavour Park Eastern  No facility Nothing 
Olympic Reserve Eastern  No facility Chairs, sculpture 
Lumsden Green Eastern  Café Chairs, bathroom, sculpture, fountain 
Outhwaite Park Eastern  Playground Chairs, parking 
Boston RD 
Reserve 

Eastern  No facility Nothing 

Mt Hobson 
Domain 

Eastern  No facility Chairs 

Platina Reserve Eastern  Sports field Nothing 
Ascot Park Eastern  Playground chair 
Wairua Reserve Eastern  Kindergarten, playground Chairs 
Ellerslie Domain  Eastern  Tennis club, playing fields, playground Chairs, bathroom, parking 
Michaels Avenue 
Reserve 

Eastern  Recreation centre, sports club, playing fields, 
playground, cricket net, fitness equipment 

Chairs, parking, bathroom 

Lawry Reserve Eastern  No facility Chairs, parking 
Canon Park Eastern  No facility Nothing 
Koraha Reserve Eastern  No facility Nothing 
Liston Park Eastern  Playing fields Chairs, bathroom, parking 
College Rifles 
Park 

Eastern  Rugby union, football sports club Chairs, bathroom, parking  

Waiatarua 
Reserve 

Eastern  Playground, basketball court Chairs, bathroom, parking, wetland walkway 

Allen Johnstone 
Reserve 

Eastern  No facility Nothing 

Swainston 
Reserve 

Eastern  Playground Chairs 

Merton Reserve Eastern  Exercise equipment Chairs 
Ngahue Reserve Eastern  No facility Chairs  
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Mt Wellington 
Domain 

Eastern  Woodlands Chairs, parking 

Glover Park Eastern  Playground, sports fields Chairs, bathroom, parking 
Churchill Park Eastern  Tennis club, bowling club, play centre, walkway Chairs, parking 
Glendowie Park Eastern  No facility Nothing 
Roberta Reserve Eastern  Playground Chairs, bathroom 
Cranbrook 
Reserve 

Eastern  No facility Nothing 

Taylors Hill 
Reserve 

Eastern  No facility Nothing 

Crossfield 
Reserve 

Eastern  Community centre, skate park, playing fields, 
basketball court, playground 

Chairs, bathroom, parking 

Sierra Reserve Eastern  No facility Nothing 
Maskell Reserve Eastern  No facility Nothing 
Dingle Dell 
Reserve 

Eastern  Bushwalk Chairs, bathroom 

Vellenoweth 
Green  

Eastern  Croquet club, bowling club, tennis club Chairs, drinking fountain, parking 

St Heliers Bay Eastern  Playground, boat ramp Chairs, bathroom, BBQ, drinking fountain, shower, 
parking 

Melanesia 
Reserve 

Eastern  Tennis club, bowling club Chairs, parking 

Madills Farm 
Reserve 

Eastern  Playing fields Chairs, bathroom, changing room, parking 

Atkinson 
Reserve 

Eastern  No facility Nothing 

Kepa Bush 
Reserve 

Eastern  Bushwalk, lookout Nothing 

Patteson Reserve Eastern  Playground Chairs 
Nihill Reserve Eastern  No facility Nothing 
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Mary Atkin 
Reserve 

Eastern  No facility Chairs 

Selwyn Domain Eastern  Playground Chairs, bathroom, fountain, drinking fountain, shower, 
BBQ, parking 

Michael Joseph 
Savage 
Memorial Park 

Eastern  Gardens Chairs, bathroom, drinking fountain, parking 

Aotea Reserve Eastern  No facility Nothing 
Te Arawa 
Reserve 

Eastern  No facility Nothing 

Kupe North 
Reserve 

Eastern  Playground, basketball court Nothing 

Kupe Reserve Eastern  Tennis club, playground Chairs 
Tautari Reserve Eastern  No facility Nothing 
Okahu Bay 
Reserve 

Eastern  No facility Chairs, BBQ, drinking fountain, parking, bathroom 

Orakei Domain Eastern  Bowling club, rugby club, lacrosse club, playground, 
basketball court, playing fields, walkway 

Chairs, bathroom, BBQ, parking 

Watene Reserve Eastern  No facility Nothing 
Ngapipi Reserve Eastern  No facility Nothing 
Taniwha 
Reserve 

Eastern  No facility Nothing 

Maybury 
Reserve 

Eastern  Playground Chairs, sculpture 

Point England 
Recreation 
Reserve 

Eastern  Playing fields, playground, basketball court Chairs, BBQ, drinking fountain, parking, bathroom 

Waiotaik Nature 
Reserve 

Eastern  No facility Chairs 

Fernwood 
Reserve 

Eastern  Playground, basketball court Chairs 
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Tahuna Torea 
Nature Reserve 

Eastern  Boardwalk,  lookout, Chairs, parking, pond  

West Tamaki 
Reserve 

Eastern  Playground  Chairs 

Leybourne 
Reserve 

Eastern  No facility Nothing 

Elstree North 
Reserve 

Eastern  Playground, basketball court Chairs 

Wimbledon 
Reserve 

Eastern  No facility Nothing 

Paddington 
Reserve 

Eastern  No facility Nothing 

Paritai Reserve Eastern  No facility Chairs 
Eastview 
Reserve 

Eastern  No facility Sculpture 

Apirana Reserve Eastern  No facility Nothing 
Talbot Reserve Eastern  Playground Chairs, sculpture 
Kotutu Reserve Eastern  Fitness equipment Chairs, sculpture 
Taurima 
Reserve 

Eastern  Swing, basketball court Chairs 

Riverside 
Reserve 

Eastern  No facility Nothing 

Boundary 
Reserve 

Eastern  No facility Nothing 

Hobson Reserve Eastern  Playground Chairs 
Court Reserve Eastern  No facility Nothing 
Mauinaina 
Reserve 

Eastern  No facility Nothing 

Johnson Reserve Eastern  No facility Chairs 
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Mt Wellington 
War Memorial 
Reserve 

Eastern  Community centre, rugby football club, tennis court, 
playing fields, playground 

Chairs, bathroom, changing room, parking 

Dunkirk Reserve Eastern  No facility Nothing 
Allenby Reserve Eastern  No facility Chairs 
Domain RD 
Reserve 

Eastern  Stadium Parking 

Panmure Basin Eastern  Skate park, boat ramp, playground Chairs, bathroom, parking 
Bill Mckinlay 
Park 

Eastern  Soccer field Chairs  

Malone RD 
Reserve 

Eastern  No facility Nothing 

Thompson Park Eastern  Sports club, sports fields, playground Chairs, bathroom, changing room, parking 
Torino Reserve Eastern  Playground Nothing 
Almond Reserve Eastern  No facility Nothing 
Cebalo Place 
Reserve 

Eastern  No facility Nothing 

Alcock Reserve Eastern  No facility Chairs 
Lavas Reserve Eastern  Playground Chairs 
Vic Cowen Park Eastern  Play centre, scout group Parking 
Commissariat 
Reserve 

Eastern  Playground, basketball court Chairs 

Skinner Reserve Eastern  No facility Nothing 
Hamlin Park Eastern  Cricket club, rugby football club, cricket net, playing 

fields 
Chairs, parking 

Savage Park Eastern  Playground Nothing 
Bertrand 
Reserve 

Eastern  No facility Parking 

Bonnie Brae 
Reserve 

Eastern  Playground Chairs 



      

209 
 

Kelvin Reserve Eastern  No facility Nothing 
Little Rangitoto 
Reserve 

Eastern  Skate park, playground Chairs, drinking fountain 

Orakei Basin 
Reserve 

Eastern  No facility Chairs 

Puka Reserve Eastern  Playground Chairs 
Rutherford 
Reserve 

Eastern  Playground Chairs 

Ventnor Reserve Eastern  No facility Nothing 
Tahapa Reserve Eastern  Basketball court Nothing 
St Johns Bush Eastern  No facility Nothing 
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APPENDIX C. Auckland area units 

AU2014 Name of AU Shape Area (m2) Population Sub-area 
514101 Auckland Harbourside 1887950.46 4503 CBD 
514200 Newton 432385.14 1641 CBD 
514102 Auckland Central West 1166701.4 11700 CBD 
514103 Auckland Central East 925695.82 10104 CBD 
514301 Grafton West 528215.54 3387 CBD 
515202 St Marys 940937.54 2928 Western 
515302 Ponsonby East 716318.41 3318 Western 
515500 Arch Hill 498627.7 1569 Western 
515420 Grey Lynn East 784791.86 3249 Western 
515410 Grey Lynn West 831411.79 3456 Western 
515001 Point Chevalier West 1255706.9 3627 Western 
515002 Point Chevalier East 1460322.82 4536 Western 
515100 Westmere 2112167.79 5085 Western 
515201 Herne Bay 819984.57 2760 Western 
515431 Surrey Crescent 1222617.49 2754 Western 
514000 Freemans Bay 1002028.36 3765 Western 
515301 Ponsonby West 707159.05 2445 Western 
519720 Onehunga North East 870928.68 3576 Middle 
519900 Oranga 908733.87 4056 Middle 
515600 Eden Terrace 468131.17 2571 Middle 
515700 Epsom North 1373784.96 3618 Middle 
515801 Epsom Central 1105854.21 3786 Middle 
515432 St Lukes North 200629.36 801 Middle 
515003 Point Chevalier South 1285695.19 1644 Middle 
515802 Epsom South 951366.59 3642 Middle 
517701 Sandringham North 819599.02 3204 Middle 
517702 Sandringham West 1055809.4 4842 Middle 
517703 Sandringham East 715287.56 3273 Middle 
517800 Mt Albert Central 1935873.57 5673 Middle 
518101 Mt Eden North 903843.9 3225 Middle 
518102 Sherbourne 860775.18 2775 Middle 
518201 Balmoral 1397903.06 5445 Middle 
518301 Maungawhau 1011035.72 3915 Middle 
518302 Mt Eden South 1105897.35 4827 Middle 
518500 Three Kings 1814834.29 5433 Middle 
518600 Royal Oak 1558147.67 5592 Middle 
519200 Mt St John 1317613.24 4767 Middle 
519300 One Tree Hill Central 3057975.31 2667 Middle 
519400 One Tree Hill East 1604440.33 5742 Middle 
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514801 Rosebank 3576602.47 4557 Southern 
514401 Roberton 1458562.9 5280 Southern 
514402 Glenavon 1733855.88 6378 Southern 
514500 New Windsor 1815633.88 6468 Southern 
514600 Avondale South 1454310.07 5451 Southern 
514700 Blockhouse Bay 2450201.96 6129 Southern 
514802 Avondale West 1592264.99 4854 Southern 
514900 Waterview 1118426.17 3333 Southern 
519810 Onehunga South West 1692659.15 3849 Southern 
518702 Hillsborough East 2162169.48 4281 Southern 
518902 Lynfield South 1729536.83 4218 Southern 
519001 Waikowhai West 1425995.86 3570 Southern 
519002 Waikowhai East 1408092.56 4560 Southern 
519500 Penrose 4275990.45 693 Southern 
517901 Springleigh 1063033.9 2829 Southern 
517902 Owairaka West 819152.48 2547 Southern 
517903 Owairaka East 1192563.63 4281 Southern 
519820 Onehunga South East 1570182.56 3540 Southern 
518701 Hillsborough West 2030005.97 7347 Southern 
518801 Walmsley 1149761.83 3915 Southern 
518802 Wesley 1180938.26 2874 Southern 
518901 Lynfield North 2064103.02 5700 Southern 
520000 Te Papapa 2524823.55 3384 Southern 
519710 Onehunga North West 802815.16 3765 Southern 
514302 Grafton East 397262.23 1068 Eastern 
517500 Kingsland 1260414.34 4635 Eastern 
517600 St Lukes 1179331.59 4683 Eastern 
518202 Mt Eden East 738554 2670 Eastern 
515901 Parnell East 878717.96 2331 Eastern 
515902 Parnell West 2108365.03 4764 Eastern 
516001 Mt Hobson 903393.43 1383 Eastern 
516002 Remuera South 1121417.47 3900 Eastern 
516003 Abbotts Park 1879235.91 4317 Eastern 
516101 Remuera West 914784.52 3351 Eastern 
516102 Waitaramoa 1562170.04 3930 Eastern 
516201 Orakei South 1355051.59 3444 Eastern 
516202 Waiata 1371066.77 4245 Eastern 
516301 Meadowbank North 2266449.01 6585 Eastern 
516302 Meadowbank South 2502073.82 5118 Eastern 
516400 Orakei North 3033282.28 5496 Eastern 
516500 Mission Bay 2130645.57 5469 Eastern 
516601 Kohimarama West 1074237.51 3336 Eastern 
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516602 Kohimarama East 1306844.44 3756 Eastern 
516700 St Heliers 1822291.46 4824 Eastern 
516800 Glendowie 2040952.34 4302 Eastern 
516900 Glen Innes North 2479850.33 6072 Eastern 
517001 Glen Innes West 1800976.62 4440 Eastern 
517002 Glen Innes East 1133236.99 2727 Eastern 
517100 Point England 1492589.68 4305 Eastern 
517201 St Johns 901436.22 2778 Eastern 
517202 Stonefields 1062011.2 2238 Eastern 
517400 Newmarket 728666.65 2961 Eastern 
518803 Akarana 2101812.3 5571 Eastern 
520201 Ellerslie North 1717364.96 6534 Eastern 
520202 Ellerslie South 1349067.98 2133 Eastern 
520301 Mt Wellington Domain 2393336.03 1674 Eastern 
520302 Mt Wellington West 980330.59 2958 Eastern 
520303 Mt Wellington North 1017948.4 3201 Eastern 
520401 Ferndale 1645531.17 4566 Eastern 
520402 Hamlin 1365027.29 5250 Eastern 
520500 Mt Wellington South 6726424.08 5589 Eastern 
520601 Tamaki 1509718.39 4497 Eastern 
520602 Panmure Basin 1593264.37 2775 Eastern 
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APPENDIX D. Variables of population in area unit 

AUID Area Unit (AU) Age Ethnic Groups Personal Income ($) 

  <15 15-64 >64 European Maori Pacific Asian MELAA <5k 5k-10k 10k-20k 20k-30k 30k-50k >50k 

514000 Freemans Bay 429 2937 399 2955 267 225 294 69 264 129 366 258 537 1506 

514101 Auckland 
Harbourside 

234 4065 201 2352 198 90 1413 207 615 174 366 324 759 1524 

514102 Auckland Central 
West 

483 10839 375 3294 492 321 6243 567 2550 762 1398 1044 2046 1710 

514103 Auckland Central 
East 

303 9519 282 3393 348 198 4941 561 2577 765 1236 801 1353 1599 

514200 Newton 48 1563 30 903 96 48 474 78 207 99 189 165 312 426 

514301 Grafton West 129 3159 96 1272 177 108 1560 129 1140 282 369 207 351 525 

514302 Grafton East 93 921 54 519 102 90 366 33 303 93 114 78 117 165 

514401 Roberton 969 3786 525 2439 534 825 1542 129 735 231 642 450 759 984 

514402 Glenavon 1422 4401 555 1851 600 1539 2412 240 990 291 825 546 885 792 

514500 New Windsor 1242 4512 711 2169 357 876 3042 180 1080 315 807 555 912 1050 

514600 Avondale South 1038 3699 717 2013 381 588 2607 102 813 219 768 489 825 951 

514700 Blockhouse Bay 1044 3843 1245 3261 324 336 2313 87 858 270 879 597 843 1263 

514801 Rosebank 1014 3111 429 1644 549 1545 1026 141 648 213 576 372 642 654 

514802 Avondale West 984 3336 534 1368 483 1542 1581 123 756 240 720 387 669 591 

514900 Waterview 603 2460 267 1785 327 591 561 126 453 165 372 249 447 690 

515001 Point Chevalier 
West 

744 2067 819 2961 303 267 285 45 306 96 366 315 435 951 

515002 Point Chevalier 
East 

1083 2994 462 3564 378 405 417 60 420 159 438 312 528 1350 
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515003 Point Chevalier 
South 

360 1170 114 912 180 255 336 57 279 90 204 93 171 318 

515100 Westmere 1224 3477 384 4275 426 375 321 51 471 126 402 291 534 1797 

515201 Herne Bay 507 1923 330 2445 135 33 117 36 237 63 183 159 309 1176 

515202 St Marys 291 2298 339 2409 159 75 204 54 231 78 228 159 396 1314 

515301 Ponsonby West 540 1710 198 2025 183 225 162 36 210 63 204 129 297 885 

515302 Ponsonby East 462 2592 267 2604 192 264 228 33 219 78 267 222 477 1332 

515410 Grey Lynn West 621 2667 165 2637 309 441 219 48 303 117 267 228 528 1140 

515420 Grey Lynn East 453 2655 138 2502 222 321 270 66 255 99 258 240 480 1218 

515431 Surrey Crescent 528 2016 210 1863 297 513 171 90 282 135 300 198 366 723 

515432 St Lukes North 111 651 42 567 69 93 111 12 81 42 75 66 105 267 

515500 Arch Hill 141 1368 57 1152 126 150 153 33 120 63 171 114 255 579 

515600 Eden Terrace 186 2328 60 1446 198 171 660 84 291 129 243 207 513 732 

515700 Epsom North 585 2628 405 1641 150 84 1614 45 678 153 363 267 450 861 

515801 Epsom Central 747 2619 420 1446 105 84 2046 60 744 180 351 282 405 810 

515802 Epsom South 729 2565 345 1911 117 81 1479 45 636 141 315 225 402 1005 

515901 Parnell East 318 1671 339 1815 111 45 273 51 264 63 159 123 294 945 

515902 Parnell West 516 3726 522 3540 222 87 684 114 483 138 357 300 693 1890 

516001 Mt Hobson 222 1047 114 735 60 60 489 15 207 63 147 96 186 348 

516002 Remuera South 765 2673 462 2169 90 102 1461 75 627 141 336 228 510 1122 

516003 Abbotts Park 786 3003 528 2934 195 120 984 84 414 123 345 345 633 1386 

516101 Remuera West 507 2277 570 2502 123 60 657 24 459 114 252 213 426 1239 

516102 Waitaramoa 777 2556 594 3024 120 63 696 27 576 114 276 213 417 1389 
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516201 Orakei South 726 2271 447 2760 84 45 564 30 432 102 243 195 378 1230 

516202 Waiata 831 2496 915 3483 114 27 564 33 510 120 261 207 444 1491 

516301 Meadowbank 
North 

1437 4272 876 5097 318 264 801 132 633 186 522 441 798 2166 

516302 Meadowbank 
South 

882 3525 711 3051 147 78 1665 114 603 207 510 372 720 1554 

516400 Orakei North 906 3708 882 3747 720 300 522 99 519 219 513 351 720 1698 

516500 Mission Bay 831 3762 876 4230 183 87 696 135 531 153 447 417 720 1959 

516601 Kohimarama 
West 

570 2112 651 2856 93 39 294 48 303 90 261 225 465 1281 

516602 Kohimarama East 789 2388 576 3231 123 27 360 45 396 105 255 249 444 1407 

516700 St Heliers 795 2946 1083 4167 156 51 381 72 480 132 387 363 606 1884 

516800 Glendowie 1227 2619 456 3747 177 51 315 57 498 114 294 240 381 1404 

516900 Glen Innes North 1266 3543 1266 4644 243 204 951 132 690 171 624 516 750 1701 

517001 Glen Innes West 1227 2877 333 1548 768 1752 399 60 588 228 483 282 480 519 

517002 Glen Innes East 789 1737 195 1014 537 1041 204 33 327 144 306 183 264 294 

517100 Point England 1170 2673 462 1053 849 1908 495 54 564 291 585 282 423 234 

517201 St Johns 519 2010 255 1302 162 222 816 117 291 108 279 225 468 546 

517202 Stonefields 444 1608 189 1338 75 30 762 39 249 78 150 117 279 822 

517400 Newmarket 330 2463 168 1263 117 69 1302 93 528 138 291 246 435 726 

517500 Kingsland 576 3882 177 3234 378 540 555 93 411 195 507 363 765 1452 

517600 St Lukes 717 3642 324 2661 360 456 1209 165 540 216 492 360 765 1212 

517701 Sandringham 
North 

666 2316 225 2028 195 267 726 54 339 102 294 222 462 849 
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517702 Sandringham 
West 

882 3552 408 2187 306 528 1833 90 711 183 537 414 717 1029 

517703 Sandringham 
East 

696 2325 255 1632 216 321 1092 78 411 135 378 285 450 687 

517800 Mt Albert Central 1137 4041 492 3807 387 330 1245 108 750 237 579 405 690 1572 

517901 Springleigh 531 2028 276 1509 210 225 861 57 369 129 276 216 414 591 

517902 Owairaka West 528 1839 183 999 240 522 753 132 399 141 324 189 330 378 

517903 Owairaka East 837 2982 456 2556 303 450 1077 156 696 204 453 324 558 957 

518101 Mt Eden North 363 2631 231 1881 285 153 906 66 498 135 309 243 501 843 

518102 Sherbourne 411 2166 198 1998 174 84 516 48 354 135 291 216 396 780 

518201 Balmoral 1206 3870 369 4017 297 228 981 66 639 183 414 384 735 1623 

518202 Mt Eden East 522 1926 222 1842 135 84 579 30 372 90 222 189 315 819 

518301 Maungawhau 822 2832 261 2724 198 150 849 39 459 147 357 258 546 1089 

518302 Mt Eden South 948 3471 405 3192 264 189 1167 90 585 168 456 318 627 1467 

518500 Three Kings 990 3969 471 2406 393 801 1677 243 780 291 696 375 753 1089 

518600 Royal Oak 951 3858 780 3330 258 231 1791 66 753 213 507 411 831 1563 

518701 Hillsborough 
West 

1218 5331 798 2238 297 579 4110 135 1266 345 801 621 1170 1431 

518702 Hillsborough East 693 2880 708 2331 234 276 1440 102 522 183 492 366 630 1065 

518801 Walmsley 1107 2574 234 627 267 1572 1101 360 678 231 471 282 435 264 

518802 Wesley 651 1950 276 531 222 903 1206 93 477 168 372 228 390 294 

518803 Akarana 1173 3861 534 1038 300 1512 2574 252 1116 390 726 429 720 501 

518901 Lynfield North 1047 3921 738 1647 219 492 3327 126 909 279 756 531 870 948 

518902 Lynfield South 750 2937 531 1797 183 276 2001 117 618 171 510 345 672 972 
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519001 Waikowhai West 528 2412 627 1605 147 234 1635 75 495 177 480 297 606 777 

519002 Waikowhai East 1011 3153 396 1278 303 1170 1749 126 735 213 522 339 642 708 

519200 Mt St John 957 3222 591 2178 255 231 2091 93 1038 201 381 336 510 993 

519300 One Tree Hill 
Central 

441 1797 426 1659 129 99 720 27 393 93 192 219 339 768 

519400 One Tree Hill 
East 

1152 4077 516 3690 351 432 1308 99 663 216 534 384 741 1710 

519500 Penrose 132 525 39 249 51 129 255 12 81 24 63 48 132 147 

519710 Onehunga North 
West 

717 2436 612 1914 201 417 1302 45 423 135 456 369 558 843 

519720 Onehunga North 
East 

618 2538 423 2469 258 354 612 36 312 114 354 300 543 1137 

519810 Onehunga South 
West 

672 2667 510 2520 342 462 663 66 369 156 417 297 627 1026 

519820 Onehunga South 
East 

618 2541 384 1713 333 696 888 78 354 171 435 276 585 825 

519900 Oranga 1035 2670 351 1707 504 1545 501 75 492 207 417 285 486 699 

520000 Te Papapa 768 2379 234 1674 366 903 528 48 339 129 339 222 513 768 

520201 Ellerslie North 1221 4548 768 4518 459 327 1320 105 606 195 603 504 969 2028 

520202 Ellerslie South 390 1587 156 1218 129 192 597 42 210 78 171 147 357 633 

520301 Mt Wellington 
Domain 

354 1158 162 774 183 258 468 30 180 78 177 129 258 336 

520302 Mt Wellington 
West 

417 1761 780 1590 213 237 939 54 291 96 357 312 549 651 

520303 Mt Wellington 
North 

621 2244 333 948 282 684 1254 54 402 138 408 285 555 444 
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520401 Ferndale 879 3390 297 1905 435 750 1494 93 531 165 486 360 828 942 

520402 Hamlin 1173 3663 414 2091 675 1041 1587 105 606 192 519 417 897 924 

520500 Mt Wellington 
South 

1332 3780 477 1548 948 2184 1203 48 765 237 588 453 918 636 

520601 Tamaki 1137 2883 474 1374 951 1599 573 60 531 258 597 333 510 393 

520602 Panmure Basin 414 1989 372 1515 270 279 780 36 255 87 405 261 492 669 
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APPENDIX E. Tables of the figures and graphs 

Table 17 Overall Distribution of GI elements with facilities 

Total 
number of 
GI 

Facility conditions of GI 
No facility Active facility Passive facility Active and Passive 

facility 
338 83 (25%) 18 (5%) 61 (18%) 176 (52%) 
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Table 18 Tabulated ratio of GI elements with four types of facility conditions in the five sub-areas 

Sub-area GI 

number 

GI with No 

facility 

Ratio 

(%) 

GI with 

Active 

facility 

Ratio 

(%) 

GI with 

Passive 

facility 

Ratio 

(%) 

GI with 

Active and 

passive 

facility 

Ratio 

(%) 

CBD 8 0 0% 0 0% 5 63% 3 38% 

Western 42 9 21% 4 10% 8 19% 21 50% 

Middle 71 11 15% 2 3% 16 23% 42 59% 

Southern 94 26 28% 6 6% 10 11% 52 55% 

Eastern 123 37 30% 6 5% 22 18% 58 47% 
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Table 19 Numbers and ratios of four types of GI elements with facilities in the five sub-areas 

GI Type Sub-area GI in sub-
area 

No facility Active facility Passive facility Active and Passive facility 
Number  Ratio (%) Number  Ratio (%) Number Ratio (%) Number Ratio (%) 

Public 
Garden 

CBD 1 0 0% 0 0% 1 100% 0 0% 

Western 14 4 29% 2 14% 5 36% 3 21% 

Middle 15 1 7% 1 7% 5 33% 8 53% 

Southern 10 3 30% 0 0% 4 40% 3 30% 

Eastern 7 4 57% 0 0% 1 14% 2 29% 
Neighbour-
hood GI 

CBD 4 0 0% 0 0% 3 75% 1 25% 

Western 17 5 29% 1 6% 1 6% 10 59% 

Middle 32 8 25% 1 3% 8 25% 16 50% 

Southern 41 16 39% 1 2% 3 7% 21 51% 

Eastern 53 20 38% 4 8% 10 19% 19 36% 
Sports and 
recreation 
GI 

CBD 0 0 0% 0 0% 0 0% 0 0% 

Western 1 0 0% 0 0% 1 100% 0 0% 

Middle 10 1 10% 0 0% 2 20% 7 70% 

Southern 10 0 0% 1 10% 0 0% 9 90% 

Eastern 17 5 29% 0 0% 1 6% 11 65% 
Natural GI CBD 3 0 0% 0 0% 1 33% 2 67% 

Western 10 0 0% 1 10% 1 10% 8 80% 

Middle 14 1 7% 0 0% 1 7% 11 79% 

Southern 33 7 21% 4 12% 3 9% 19 58% 

Eastern 46 8 17% 2 4% 10 22% 26 57% 
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Table 20 Service population and service ratios accessible to the population in 5, 10 and 15 minutes’ walk for four types of GI elements in the case 
study area 

Type of GI Served 
population (5) 

Service ratio 
(%) 

Served population 
(10) 

Service ratio 
(%) 

Served population 
(15) 

Service ratio 
(%) 

Public Garden 79,089 19.12% 157,839 38.16% 268329 64.88% 
Neighbourhood GI 205,113 49.59% 346,668 83.82% 442287 106.94% 
Sports and Recreation 
GI 

80,316 19.42% 169,032 40.87% 256542 62.03% 

Natural GI 262,323 63.43% 430,449 104.08% 517908 125.23% 
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Table 21 Service population and ratio of four types of green infrastructure elements with facilities in 5, 10 and 15 minutes’ walk in the case study 
area 

Types of GI 
elements 

Facility conditions of GI 
elements 

Served 
population (5) 

Service 
ratio 
(%) 

Served 
population (10) 

Service 
ratio (%) 

Served 
population (15) 

Service 
ratio 
(%) 

Public garden No facility 18633 4.51% 50139 12.12% 83205 20.12% 

Active facility 3963 0.96% 11913 2.88% 23694 5.73% 

Passive facility 33801 8.17% 82284 19.90% 142251 34.40% 

Active and passive facility 32085 7.76% 84345 20.39% 152361 36.84% 

Neighbourhood 
GI 

No facility 78231 18.92% 160209 38.74% 243987 58.99% 

Active facility 16674 4.03% 41160 9.95% 70734 17.10% 

Passive facility 45948 11.11% 106041 25.64% 190560 46.08% 

Active and passive facility 115173 27.85% 229026 55.38% 338577 81.86% 

Sports and 
recreation GI 

No facility 9414 2.28% 21021 5.08% 35469 8.58% 

Active facility 1524 0.37% 4419 1.07% 10092 2.44% 

Passive facility 10287 2.49% 24999 6.04% 45945 11.11% 

Active and passive facility 61221 14.80% 131742 31.85% 205545 49.70% 

Natural GI No facility 33795 8.17% 64692 15.64% 100140 24.21% 

Active facility 14166 3.43% 34416 8.32% 63069 15.25% 

Passive facility 42492 10.27% 91254 22.06% 143688 34.74% 

Active and passive facility 201537 48.73% 357801 86.51% 472989 114.36% 
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Table 22 Information of data for equity test 

Variables Numbers 

Area Unit (AU) 102 

Meshblocks (MB) 3,423 

Total population 413,580 

Age under 15 73,986 

between 15 to 64 296,046 

over 64 43,539 

Ethnic Group European 225,177 

Maori 28,677 

Pacific 44,883 

Asian 111,546 

MELAA 9,483 

Income Less than 5,000 55,647 

5,000-10,000 17,433 

10,000-20,000 42,666 

20,000-30,000 31,005 

30,000-50,000 57,399 

Over 50,000 101,655 
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Table 23 Equity analyses of 5 minutes’ walk from GI in the entire case study area 

Population attributes Total 
population  

5 minutes’ service 
population 

Service Ratio 
(%) 

Age <16 73,986 64722 87% 

16-65 296,046 256980 87% 

>65 43,539 38445 88% 
Ethnic 
Group 

European  225,177 199752 89% 

Maori 28,677 24996 87% 

Pacific Peoples  44,883 39108 87% 

Asian 111,546 92907 83% 

MELAA 9,483 8214 87% 
Income $5,000 or Less 55,647 47205 85% 

$5,001 - $10,000 17,433 14991 86% 

$10,001 - $20,000 42,666 37110 87% 

$20,001 - $30,000 31,005 26991 87% 

$30,001 - $50,000 57,399 49671 87% 

$50,001 or more 101,655 89583 88% 
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Table 24 Service ratios of GI elements for 14 variables in 5 minutes’ walk in the five sub-areas 

Population attributes CBD Western Middle Southern Eastern 
Service 
pop 

Ratio 
(%) 

Service 
pop 

Ratio (%) Service 
pop 

Ratio 
(%) 

Service 
pop 

Ratio 
(%) 

Service 
pop 

Ratio 
(%) 

Age <15 978 3.12% 7,104 17.99% 17,655 20.75% 19,212 18.51% 22,629 14.71% 

15-64 22,050 70.37% 30,909 78.27% 71,190 83.68% 67,755 65.27% 80,241 52.15% 

>64 939 3.00% 3,732 9.45% 8,601 10.11% 10,935 10.53% 15,654 10.17% 

Ethnic 
groups 

European  9,129 29.13% 32,412 82.07% 56,004 65.83% 39,282 37.84% 73,668 47.87% 

Maori 984 3.14% 3,207 8.12% 6,240 7.33% 6,984 6.73% 8,982 5.84% 

Pacific 582 1.86% 3,624 9.18% 8,928 10.49% 16,668 16.06% 11,553 7.51% 

Asian 10,563 33.71% 3,408 8.63% 26,214 30.81% 35,163 33.87% 22,572 14.67% 

MELAA 1,200 3.83% 678 1.72% 1,881 2.21% 2,787 2.68% 2,160 1.40% 

Income $5,000 or 
Less 

4,980 15.89% 3,546 8.98% 12,933 15.20% 14,409 13.88% 13,971 9.08% 

$5,001 - 
$10,000 

1,449 4.62% 1,347 3.41% 4,092 4.81% 4,590 4.42% 4,404 2.86% 

$10,001 - 
$20,000 

2,751 8.78% 3,678 9.31% 9,792 11.51% 11,958 11.52% 11,094 7.21% 

$20,001 - 
$30,000 

1,944 6.20% 2,838 7.19% 7,164 8.42% 8,022 7.73% 8,505 5.53% 

$30,001 - 
$50,000 

3,684 11.76% 5,586 14.14% 13,410 15.76% 14,124 13.61% 15,666 10.18% 

$50,001 
or more 

4,944 15.78% 14,451 36.59% 25,197 29.62% 17,667 17.02% 32,394 21.05% 
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Table 25 Numbers of people with the best access to four types of GI elements in the case study area 

Variables Total 
Population  

Number of residents for 
Public Garden 

Number of residents for 
Neighbourhood GI 

Number of residents for 
Sports and Recreation GI 

Number of residents for 
Natural GI 

With access Without 
access 

With access Without 
access 

With access Without 
access 

With access Without 
access 

<15 73,986 12705 61281 38484 35502 14829 59157 47442 26544 

15-64 296,046 58869 237177 144312 151734 56592 239454 185580 110466 

>64 43,539 7515 36024 22317 21222 8445 35094 29301 14238 

European  225,177 45462 179715 113325 111852 42864 182313 147036 78141 

Maori 28,677 5529 23148 15567 13110 6048 22629 19146 9531 

Pacific 44,883 7770 37113 24945 19938 9777 35106 29469 15414 

Asian 111,546 19524 92022 50175 61371 20385 91161 64152 47394 

MELAA 9,483 1821 7662 4548 4935 1830 7653 6021 3462 

$5,000 or 
Less 

55,647 9501 46146 25725 29922 9975 45672 34734 20913 

$5,001 - 
$10,000 

17,433 3222 14211 8484 8949 3270 14163 11115 6318 

$10,001 - 
$20,000 

42,666 8148 34518 21204 21462 8253 34413 27189 15477 

$20,001 - 
$30,000 

31,005 5931 25074 15306 15699 5940 25065 19545 11460 

$30,001 - 
$50,000 

57,399 11340 46059 28200 29199 11559 45840 35082 22317 

$50,001 
or more 

101,655 21381 80274 50667 50988 19023 82632 64857 36798 
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Table 26 Numbers of people with and without the best access to Public Garden with different facility conditions in the case study area 

Variables Total 
Population  

No facility Active facility Passive facility Active and passive facility 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

<15 73,986 3396 70590 702 73284 4779 69207 5253 68733 

15-64 296,046 13356 282690 2937 293109 26283 269763 23559 272487 

>64 43,539 1881 41658 324 43215 2739 40800 3273 40266 

European  225,177 9975 215202 3030 222147 19446 205731 19854 205323 

Maori 28,677 1671 27006 321 28356 2067 26610 2118 26559 

Pacific 44,883 2139 42744 408 44475 3165 41718 2991 41892 

Asian 111,546 4950 106596 303 111243 8130 103416 7248 104298 

MELAA 9,483 390 9093 72 9411 918 8565 588 8895 

$5,000 or 
Less 

55,647 2253 53394 333 55314 4254 51393 3504 52143 

$5,001 - 
$10,000 

17,433 810 16623 129 17304 1347 16086 1215 16218 

$10,001 - 
$20,000 

42,666 1947 40719 381 42285 3390 39276 3249 39417 

$20,001 - 
$30,000 

31,005 1389 29616 285 30720 2520 28485 2394 28611 

$30,001 - 
$50,000 

57,399 2766 54633 513 56886 4854 52545 4515 52884 

$50,001 
or more 

101,655 4413 97242 1305 100350 9648 92007 9405 92250 
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Table 27 Numbers of people with and without the best access to Neighbourhood GI with different facility conditions in the case study area 

Variables Total 
Population  

No facility Active facility Passive facility Active and passive facility 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

<15 73,986 15624 58362 3483 70503 7053 66933 22068 51918 

15-64 296,046 52983 243063 11625 284421 34266 261780 81297 214749 

>64 43,539 9624 33915 1566 41973 4629 38910 11808 31731 

European  225,177 43737 181440 8520 216657 27192 197985 60909 164268 

Maori 28,677 5754 22923 1851 26826 2814 25863 9378 19299 

Pacific 44,883 9438 35445 2859 42024 2682 42201 16626 28257 

Asian 111,546 19293 92253 3555 107991 12201 99345 28071 83475 

MELAA 9,483 1593 7890 342 9141 1104 8379 2613 6870 

$5,000 or 
Less 

55,647 9873 45774 1929 53718 5955 49692 14319 41328 

$5,001 - 
$10,000 

17,433 3168 14265 687 16746 1833 15600 4980 12453 

$10,001 - 
$20,000 

42,666 7926 34740 1857 40809 4575 38091 12405 30261 

$20,001 - 
$30,000 

31,005 5745 25260 1185 29820 3402 27603 8655 22350 

$30,001 - 
$50,000 

57,399 10545 46854 2289 55110 6594 50805 15852 41547 

$50,001 or 
more 

101,655 19254 82401 3555 98100 12846 88809 27042 74613 

 

 



      

230 
 

Table 28 Numbers of people with and without access to Sports and Recreation GI with different facility conditions in the case study area 

Variables Total 
Population  

No facility Active facility Passive facility Active and passive facility 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

<15 73,986 2292 71694 279 73707 1374 72612 11361 62625 

15-64 296,046 5943 290103 1113 294933 8106 287940 43299 252747 

>64 43,539 1179 42360 132 43407 807 42732 6561 36978 

European  225,177 3633 221544 435 224742 6510 218667 33153 192024 

Maori 28,677 1488 27189 66 28611 663 28014 3981 24696 

Pacific 44,883 3123 41760 237 44646 573 44310 6306 38577 

Asian 111,546 1206 110340 741 110805 2271 109275 17235 94311 

MELAA 9,483 138 9345 39 9444 255 9228 1455 8028 

$5,000 or 
Less 

55,647 1203 54444 315 55332 1104 54543 7833 47814 

$5,001 - 
$10,000 

17,433 453 16980 105 17328 411 17022 2460 14973 

$10,001 - 
$20,000 

42,666 1143 41523 204 42462 966 41700 6282 36384 

$20,001 - 
$30,000 

31,005 672 30333 108 30897 813 30192 4542 26463 

$30,001 - 
$50,000 

57,399 1098 56301 183 57216 1596 55803 9018 48381 

$50,001 
or more 

101,655 1212 100443 210 101445 3132 98523 14880 86775 

  



      

231 
 

Table 29 Numbers of people with and without access to Natural GI with different facility conditions in the case study area 

Variables Total 
Population  

No facility Active facility Passive facility Active and passive facility 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

With 
access 

Without 
access 

<15 73,986 7419 66567 3063 70923 7572 66414 35976 38010 

15-64 296,046 22560 273486 9756 286290 30645 265401 142974 153072 

>64 43,539 3816 39723 1347 42192 4275 39264 22587 20952 

European  225,177 16602 208575 7818 217359 21984 203193 114189 110988 

Maori 28,677 2988 25689 1014 27663 2670 26007 14907 13770 

Pacific 44,883 5667 39216 1782 43101 5349 39534 22434 22449 

Asian 111,546 8019 103527 3363 108183 10845 100701 49179 62367 

MELAA 9,483 843 8640 474 9009 1251 8232 4491 4992 

$5,000 or 
Less 

55,647 4614 51033 1749 53898 6087 49560 26490 29157 

$5,001 - 
$10,000 

17,433 1476 15957 576 16857 1893 15540 8616 8817 

$10,001 - 
$20,000 

42,666 3579 39087 1497 41169 4218 38448 21108 21558 

$20,001 - 
$30,000 

31,005 2439 28566 1029 29976 2925 28080 15264 15741 

$30,001 - 
$50,000 

57,399 4317 53082 1875 55524 5505 51894 27171 30228 

$50,001 or 
more 

101,655 6789 94866 3222 98433 10338 91317 50205 51450 
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