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Abstract  
 

Global interest in biophilic urbanism and design is growing, but this planning and design 

approach remains niche. A number of cities around the world are working towards 

becoming more biophilic by introducing biophilic design strategies into various policies 

and joining organisations such as the Biophilic Cities Network. This thesis is designed 

to support that process and contribute to the academic consideration of this new 

approach to cities.  

The thesis evaluates potential strategies and tools for the efficient and financially-viable 

delivery of biophilic urbanism and biophilic design. By developing strategies and tools to 

facilitate the implementation of biophilic urbanism, this thesis argues that it becomes 

possible to deliver healthier and more liveable urban environments as well as habitats 

that support urban wildlife. 

This thesis consists of five publications supported by an exegesis. In combination, they 

explore the tools, attributes, design elements, approaches, values, incentives and 

drivers facilitating the delivery of biophilic urban regeneration projects. 

The five papers are organised according to three implementation strategies: funding, 

planning and design and context, as set out in the Figure below.   

 

 

 

The first paper, “Biophilic urban regeneration: can biophilics be a land value capture 

mechanism?”, sets out how the concept of land value capture, now commonly used in 
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delivering transport projects, can be applied to biophilic urbanism projects and assist 

with securing funding. 

The second paper, “Bioregional Planning and Biophilic Urbanism”, shows how 

traditional bioregional planning can be adapted to bring a more biophilic urbanism 

outcome through applying its principles in an urban context.  

The third paper, “Biophilic streets: a design framework for creating multiple urban 

benefits”, draws on the principles of new urbanism-based street planning to enable 

biophilic urbanism to be built into this approach to street revitalisation.  

The fourth paper, “Regenerating stormwater infrastructure into biophilic urban assets. 

Case studies of a sump garden and a sump park in Western Australia”, considers a 

stormwater project to show how some core implementation principles of local planning 

and design—community-engagement, specialised design expertise, creativity and local 

government commitment—can be applied to biophilic urbanism.  

The fifth paper, “Indigenous Landscaping and Biophilic Urbanism: Case Studies in 

Noongar Six Seasons”, shows how the concepts of regional indigenous landscape 

approaches can be applied to biophilic urbanism in an urban context.  

A multiple-case study research approach was used to answer the main question and 

the sub-questions posed in this thesis. This methodology refers to several instrumental 

bounded cases that were selected to develop a more in-depth understanding of multiple 

issues. This approach was also selected to facilitate a theoretical analysis of a broader 

context. 

The multiple-case design allows the examination of processes and results across a 

number of selected cases, and the identification of how each is affected by similar 

conditions and factors. The case studies and project examples used in this thesis are 

mainly exploratory and were selected to illustrate the most effective implementation 

strategies and tools for the delivery of biophilic urban projects.  

This exegesis considers and integrates the ideas examined in the five papers towards 

achieving the fluid delivery and mainstreaming of biophilic urbanism. The overriding 

goal is to transform biophilic urbanism from being a niche urban design strategy to one 

that can be applied systematically at different scales, to individual buildings and to 

entire cities. Understanding the values, incentives, tools, drivers and constraints in the 

planning and delivery of urban biophilic infrastructure will provide urban planners and 

stakeholders with a basis for enabling and stimulating wider up-take. 
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CChapter 1 Introduction 
 
This thesis investigates the methods and strategies for implementing biophilic 

urbanism (BU) in urban environments. In such environments, the land available for 

quality green spaces is becoming increasingly scarce due to densification or other 

urbanisation processes that have removed their natural qualities. 

 

The exegesis component of this thesis presents the context for my work, contained 

in five papers, and provides an opportunity to explore wider issues pertaining to 

theory, policy and practice. It also collates and integrates the publications and 

outlines the scope of the research. 

 

This introductory chapter provides the background to five research questions. These 

questions are addressed through three peer reviewed publications and two 

manuscripts submitted to peer reviewed journals.  

 

1.1 Research Context 
This section provides the research background and justifies the need for this 

research. It outlines the theoretical issues and discusses this research in relation to 

previous studies.  

 

1.1.1 Background  
By 2050, 70% of the world’s population will become urban dwellers (UN HABITAT, 

2009).  Australia has one of the most urbanised populations in the world, with more 

than 75% of people living in cities and large towns (Australian Government, 2010b). 

According to Treasury’s estimates, the Australian population is forecast to grow 

from 23 million to some 35 million by 2050 (Australian Government, 2010a). To 

accommodate the growing urban population, authorities in Australian cities and 

around the world have been employing new development strategies. Urban 

planners and designers use sustainable development strategies to provide design 

proposals that aim at achieving healthy living environments (Beatley, 2012, 2016b; 

Kitchen, 2000; Wiktorowicz et al., 2018). However, room for improvement remains, 

as current policies and design standards fail to provide universal wellbeing and 

environmental justice (Birkeland, 2018; Duncan et al., 2013; Reil & Balenciaga, 

2019).  
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Sprawling urbanisation has negative implications for the quality of urban living 

(Nechyba & Walsh, 2004; Wolff & Haase, 2019). Climate change exacerbates the 

negative impact of urban sprawl on human wellbeing and on urban ecosystems 

(Frenkel, 2004; B. Wilson & Chakraborty, 2013). Nature loss within urbanised areas 

and bioregions brings a high number of climate related risks to communities, such 

as heat island effect, increasing energy demands for cooling and heating, flash-

floods, and higher concentrations of carbon dioxide. Pursuing entrenched 

developmental and economic strategies may lead to increased frequency of 

catastrophic events; for example, the bush fires and floods in Australia in 2019 

(Norman et al., 2021). Climate change related catastrophes threaten the existence 

of ecosystems and civilisation and result in significant economic, environmental and 

social loss (Bruyère et al., 2020). To halt or reverse the negative impacts of urban 

sprawl and its damaging impact on human and environmental health, a unified 

approach to urban and regional planning is needed (Newman & Jennings, 2008). 

 

Increased density, avoiding urban sprawl, and active transport are some of the main 

strategies for a more sustainable urban future. A consequence of increasing density 

and urban infill, however, is a decrease in the availability of land for quality green 

spaces (Wolff & Haase, 2019). In Australia, private gardens and green backyards 

have become a luxury commodity and serve a limited number of urban residents 

(Hall, 2010). Gardens and green backyards are being replaced by new houses. As 

societies become more aware of climate and environment issues and choose to 

implement new sustainability solutions in houses, developers often follow the 

guidelines of organisations offering certifications or accreditation to validate green 

credentials (for example, BREEM, LEED, NABRES, Green Star). However, as Jan 

Gehl pointed out in his book Cities for People (Gehl, 2010), an endless number of 

green buildings does not make a sustainable city. Instead, the core of sustainable 

urban design should be designing for people, and urban fauna and flora. Therefore, 

high-quality green spaces and places full of nature and its analogues must be 

planned and designed for densifying cities in order to meet the demands of 

sustainable urban living (Beatley, 2016a; Beatley & Newman, 2013; Kellert et al., 

2008; Newman, 2014). 

 

In terms of urban economies, our current economic system has failed to value 

nature (European Parliament, 2016; IPBS, 2019), including urban nature. Assigning 

an economic value to the urban greenery is still difficult to establish (Mell et al., 



 
 

 27 

2013). Urban developers budget predominantly for buildings and grey infrastructure, 

with a proportionally smaller investment for accompanying green infrastructure. 

However, many case studies have shown that investing in quality green 

infrastructure can produce significant revenue for developers and the wider 

community (Ascher & Uffer, 2015; David & Hammond, 2011; Mell, 2019; Mell et al., 

2016). Still, a framework for financing green, especially biophilic infrastructure, 

needs to be developed in relation to the location and size of a development. One 

possible method for financing quality green infrastructure is a land value capture 

mechanism. This mechanism has already been considered as a framework for 

developing light railways in cities (Newman, 2015; Newman et al., 2018). 

 

Biophilic design (BD) places economic, environmental, health and social issues at 

the heart of the creative process. Some research suggests that BU can be a useful 

paradigm for addressing the challenges posed by cities and urbanised areas; that 

is, as a means to create or reinforce human-nature relations (Beatley, 2017; 

Pedersen Zari, 2017; Totaforti, 2020). 

 

BU is based on the knowledge that humans have an innate connection with nature – 

biophilia - that should be nourished on a daily basis (Beatley, 2011a; Kellert et al., 

2008; E. O. Wilson, 1984). BU fosters urban resilience by supporting the 

engagement between urban nature and residents. This is achieved through 

sophisticated design and planning of urban natural systems, and the implementation 

of nature-based solutions, including green infrastructure. Biophilia-based solutions, 

therefore, can support other urban strategies to mitigate the impact of climate 

change on the health and wellbeing of human and urban ecosystems (Blau et al., 

2018; Fink, 2016). 

 

Although the principles, characteristics and patterns of BD are known to many urban 

planners and designers (Alexandra & Norman, 2020; Downton et al., 2017; el-

Baghdadi & Desha, 2017; Newman et al., 2017b), their full potential has not been 

mainstreamed in public-realm projects. This is despite the many publications that 

have analysed case studies in terms of the principles of BD ((Reeve et al., 2013). 

Some local governments in Australia (City of Bayswater, n.d.; City of Fremantle, 

n.d.; Town of Bassendean, n.d.)  and in other countries (Biophilic Cities Network, 

n.d.) have considered including BD and BU as tools and strategies to achieve better 

sustainability and resilience outcomes. Despite growing awareness of the benefits 

of BU, certain constraints to wider implementation remain. These include the 
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absence of strong financial mechanisms for delivery, an understanding of the 

complexity of the associated costs and benefits, integration of biophilic concepts 

into mainstream planning paradigms, updated regulations and planning 

requirements, implementation mechanisms, disconnection between urban residents 

and nature, and path dependency and leadership (Beatley, 2016b; Littke, 2016; 

SBEnrc, 2012; Wijesooriya & Brambilla, 2020). More research and case study 

analysis are needed to find solutions and overcome these constraints.  
 
As urban public places become more diverse and multicultural, a better 

understanding of how various populations use them and what values they attach to 

them would help urban planners and designers to deploy adequate design tools and 

solutions. Low et al. (2005) argue that the most successful multicultural public 

spaces are those for which the identities of different cultural groups are emphasised 

and celebrated, thereby enabling people of different cultural and ethnic backgrounds 

to use spaces without fear of discrimination. Culturally appropriate public spaces are 

essential to the success of a community (Knapp, 2008) and building a sense of 

place (Yazdani & Lozanovska, 2014). Vibrant neighbourhoods foster social 

interactions and have a greater level of social capital (Knapp, 2008; Low et al., 

2005). It is, therefore, necessary for BU to address the needs of multicultural 

societies and provide urban places that could build social, economic and ecological 

capital. 

 

Indigenous people have a long history of deploying nature-based solutions, 

however, not many countries have recognised this knowledge as crucial to building 

a sustainable economy and sustainable living environments. The recognition of 

indigenous knowledge contributions to sustainable and regenerative development is 

an urgent matter (World Economic Forum, 2020). Regenerative development 

shares socio-ecological perspectives with BU. It creates ecosystems that integrate 

natural and human living systems to ensure greater health for both (Mang & Reed, 

2012). Indigenous groups in Western Australia recognise that social and ecological 

systems are strongly interconnected (Wooltorton et al., 2019, 2020). Therefore, 

meaningful regenerative development can be achieved when the Indigenous 

people, who have deep connection to a particular place, co-design and co-lead the 

land care programs. 

 

In order to deliver BU and regenerative development at a city scale, co-designed 

with multicultural and Indigenous groups, decision-makers and designers need 



 
 

 29 

specific tools and strategies to overcome the obstacles outlined above. Some of 

these tools and strategies are investigated in this thesis. The principal challenge in 

delivering such tools and strategies is that they need to be drawn from real-life 

examples. In addition, good case studies and suitable examples are often located in 

different cities or countries, which places limitations on data collection. This thesis is 

based on the analysis of selected case studies and examples of urban infrastructure 

projects in several cities, and the results provide a foundation for developing 

frameworks, tools and strategies with wider applicability. 

 

The ecological footprint of humanity on the planet has negatively impacted 

ecosystems, biodiversity and human health. Without healthy ecosystems and 

biodiversity, sustainable economic growth is unattainable (World Economic Forum, 

2020). How cities are planned and designed now will have a major impact on 

ecosystems, biodiversity and human health in the future. 

 

1.1.2 Theoretical Framework 
The concept of BU is grounded in the biophilia hypothesis developed by E.O. 

Wilson and Stephen Kellert (E. O. Wilson, 1984). Many research studies have since 

validated the hypothesis and it has led to a broad field of research has been 

established by Stephen Kellert, Timothy Beatley, Judith Heerwagen, Bill Browning 

and others. The biophilia hypothesis states that humans possess an inherent 

tendency to affiliate with natural systems and processes that reflects human 

evolution as a species (Kellert, 2012; E. O. Wilson, 1984; E. O. Wilson & Kellert, 

1993). Kellert (Kellert, 2016b) defined BU as “the human’s need to affiliate with 

nature (biophilia) that can be achieved through design strategies and approaches in 

the built environment (biophilic design), and systematically implemented in cities 

(biophilic urbanism)”. 

 

Salingaros (Salingaros, 2010) suggests that geometrical structures exist throughout 

natural systems that support living systems. These structures were perceived by our 

neural system when we, as a species, lived immersed in nature. As a consequence, 

the evolution of the human brain was a response to the stimuli provided by natural 

environments. This primary mental structure is still alive in our brains today and is 

responsible for nourishing our neural system and keeping us safe and healthy. 

Salingaros calls this phenomenon the “biophilic effect” (Salingaros, 2019), and it is 

responsible for providing humans with a deep and genuine connection with nature. 



 
 

 30 

The sense of health, wellbeing and, consequently, the quality of life in buildings and 

urban realms, depends on how the geometric structures existing in nature are 

integrated into the design of built environments. This is an essential concept that 

underpins BD and urbanism and its application can lead to regenerative processes 

in cities and communities. 

 

Tim Beatley translates the biophilia hypothesis into real world examples of urban 

interventions that provide a daily dose of nature for urban residents, thereby 

supporting their health and wellbeing (Beatley, 2016b). The concept intends to 

answer practical questions around the amount of exposure to nature we need to 

sustain good health and a positive mood, and what physical forms of nature and its 

analogues promote these positive responses.  

 

The nature pyramid below (Figure 1.1) depicts what it may take to build “an urban 

nature diet.” It contains examples of natural elements, settings and experiences 

providing “a dose of nature,” from discrete elements of an urban nature diet, such as 

the sight of a bird on a street, to more intense experiences of longer immersion in 

natural landscapes, such as time in a national park. This particular pyramid was 

developed by Tanya Denckla-Cobb and Tim Beatley for Singapore (Beatley, 

2016b). 
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Figure 1.1  The Nature Pyramid for Singapore. Credit: the Singapore National Parks 
Board. 

 

Kellert (1993) established a typology of human attitudes toward nature and defined 

nine perspectives that are relevant to the biophilia hypothesis. These nine 

perspectives or valuations of nature are utilitarian, naturalistic, ecologistic, scientific, 

aesthetic, symbolic, humanistic, moralistic, dominionistic and negativistic (Table 

1.1). 

 

Table 1.1  Biophilia values adopted from Kellert (1993). 

TERM DEFINITION 
 

FUNCTION 
 

Utilitarian Practical and material 
exploitation of nature Physical sustenance and security 

Naturalistic 
Satisfaction from direct 
experience or contact with 
nature 

Curiosity, outdoor skills, 
mental/physical development 

Ecologistic/ 
Scientific 

Systematic study of structure, 
function, and relationship in 
nature 

Knowledge, understanding, 
observational skills 

Aesthetic Physical appeal and beauty of 
nature 

Inspiration, harmony, peace, 
security 
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Symbolic 
Use of nature for metaphorical 
expression, language, 
expressive thought 

Communication, mental 
development 

Humanistic Strong affection, emotional 
attachment, “love” for nature 

Group bonding, sharing, 
cooperation, companionship 

Moralistic 
Strong affinity, spiritual 
reverence, ethical concern for 
nature 

Order and meaning in life, 
kinship and affiliative ties 

Dominionistic Mastery, physical control, 
dominance of nature 

Mechanical skills, physical 
prowess, ability to subdue 

Negativistic Fear, aversion, alienation from 
nature Security, protection, safety 

 

 

The theory of BD and BU is well-developed (Browning et al., 2014; Kellert et al., 

2008; Kellert & Calabrese, 2015) and has been extended to an urban scale by 

Beatley (Beatley, 2011a, 2011b, 2016a) and colleagues (Beatley & Newman, 2013; 

Newman, 2014); however, the practical tools and strategies of implementing it at a 

city scale remain unclear. Kellert (Kellert et al., 2008) elaborated a complex 

framework featuring six categories and seventy attributes of BD. In 2015, Kellert 

and Calabrese developed a table of biophilic principles to use for design 

practitioners (Kellert & Calabrese, 2015). Furthermore, Terrapin Bright Green 

(Browning et al., 2014) developed the “14 patterns of biophilic design,” which offer a 

useful guide for designers, both for architecture and urban design and planning. The 

evidence of the biophilic effect (Salingaros, 2010, 2015) on the health and wellbeing 

of humans provides justification for the development of purposive and systematic 

strategies to ensure the presence of nature in urban environments. 

 

1.2 Research Positioning 
The end of the 20th century brought a number of initiatives attempting to integrate 

sustainability principles into urban developments. In 1987, the Brundtland 

Commission proposed sustainable development as a way forward for the world’s 

economies; related approaches such as green, regenerative and sustainable 

urbanism emerged soon afterwards (United Nations, 1987). Sustainable urbanism 

focuses on designing neighbourhoods that are walkable and transit-oriented so that 

people can meet their daily commuting needs on foot. It promotes solutions for the 

balanced use of natural resources, such as recycling, renewable green energy and 

a circular economy, and it recognises ecosystem services as crucial in delivering 
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and regulating cultural benefits (Newman & Jennings, 2008). One of the concepts of 

sustainable urbanism, which focuses more on design with nature to create better 

urban communities, is BU. 

 

BU has also developed from another stream of academic and professional attention, 

that of healthy cities (de Leeuw et al., 2014; World Health Organization, 2018). The 

healthy cities research showed that, in cities, nature plays a central role in 

addressing key global public health challenges associated with urbanisation 

(Shanahan et al., 2016). However, the advice about how to achieve particular health 

outcomes from green spaces remains very general (Maller et al., 2008). Initial 

considerations of how its systematic implementation could improve public life, health 

and wellbeing began with studies conducted in the United States and Australia 

(Beatley, 2011a; Beatley & Newman, 2013; Reeve et al., 2013; SBEnrc, 2011). 

 

BU is a broad concept (see Chapter 3 for a more thorough explanation), and recent  

studies have shown that it—and its practical application through BD—is at times 

confusing to policymakers, residents and other stakeholders (Beatley, 2016b; Littke, 

2016; Reeve et al., 2013). 

 

The issues around positioning BU within urban planning often concern the extent to 

which it is perceived as a purely ecological approach, or as a purely human 

(anthropogenic) approach to improving urban civilisation. This may be because it 

has emerged out of the coalescence of two streams of academic and professional 

thought in the sustainable urbanism realm on the one hand, and the healthy cities 

area on the other. Perhaps, however, the strength of BU is that it is an integration of 

these two perspectives, or development streams, and makes use of the scholarly 

value and practical insights each brings (Beatley, 2009; Louv, 2005). Thus, a key 

way to overcome the inability to resolve whether it lies in one realm of practice and 

thought or the other, is to demonstrate how it is firmly part of both. In his Handbook 

of Biophilic Design (Beatley, 2016b), Beatley suggests that pilot studies and strong 

leadership could facilitate wider uptake of BU and better enable its strengths to be 

recognised. Therefore, “good practice” concepts and real-life project examples are 

needed to demonstrate how BU can be implemented and understood. 

 

Beatley’s (2011) approach to the integration of BU into practice is based on the idea 

that nature should be co-designed into urban fabrics at all scales and be present in 

daily urban life. The idea focuses on enhancing the health and wellbeing of people 
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through co-designed urban nature, and giving less attention to ecology, 

environmental conservation or renewable energy, which are considered separated 

entities. This does not mean that ecology, conservation and renewable energy are 

not important, but that they can be improved whenever they are part of building 

cities, rather than being isolated into modernist, detached sectors.   

 

Simaika and Sumways (Simaika & Samways, 2010) argue that because of human 

preferences for specific landscapes and the proven effectiveness of animal therapy, 

BU may assist with conservation efforts. Nevertheless, the authors cannot identify 

any indication that people would appreciate the ecological offerings of certain 

landscapes, particularly highly artificial urban landscapes. Thus, there does appear 

to be a greater need for clarity regarding the extent to which BU can be integrated 

into urban planning overall.  

 

Similar issues pertaining to the comparative emphasis on human or ecological 

benefits can be seen in the literature. A number of studies have been undertaken 

which have anthropocentric benefits as their main focus.  These studies focus on 

issues such as reduced stress, increased productivity, longevity, happiness or the 

prevention or curation of non-communicable disease (Söderlund, 2019). There 

appear to be fewer published studies giving attention to how BU can benefit urban 

biodiversity and ecosystems (Reeve et al., 2012). This thesis analyses green 

infrastructure projects, that enhance local biodiversity, to show how certain 

implementation principles can be applied to BU. 

 

Biodiversity has been recognised as an essential factor undergirding the delivery of 

ecosystem services and the economy. Many businesses assess their dependency 

on biodiversity and plan for its protection and enhancement in their corporate 

strategies (European Commission, 2011). The New Nature Economy Report 

(World Economic Forum, 2020) suggests that the industries which depend most 

on nature are construction (USD4 trillion), agriculture (USD2.5 trillion) and food 

and beverages (USD1.4 trillion). However, business dependency on urban 

biodiversity is still under researched and urban nature and biodiversity remain 

underrated as assets able to generate significant revenue for public or private 

investors (SBEnrc, 2012; World Economic Forum, 2020). Some examples of 

biophilic urban regeneration projects analysed in this thesis attempt to show how 

businesses can contribute to and benefit from biophilic projects through new ways 

of funding. 
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Little is known about the extent to which beneficial outcomes for human health and 

biodiversity can be achieved in the same spaces. The question remains, whether 

higher levels of vegetation within urban parklands attract or deter visitors. Are 

people more or less likely to visit parks with greater levels of tree cover or native 

remnant vegetation? Are they likely to perceive such cover as vegetation with high 

ecological value? Some current hypotheses describe relationships between health 

and vegetation complexity; for instance, several studies have found that more 

people tend to visit public green spaces with moderate levels of vegetation cover 

(Shanahan et al., 2015). Moreover, higher levels of plant, butterfly and bird species 

richness (or perceived species richness) are reported to enhance a person’s 

feelings of restoration (Cox et al., 2017; Dallimer et al., 2012). 

 

However, it is still uncertain which characteristics of natural settings (e.g., 

biodiversity, level of disturbance, proximity or accessibility) are most important for 

triggering a beneficial interaction, and how these characteristics vary in importance 

among cultures, geographic regions and socio-economic groups. To minimise 

potential confusion, the researchers usually focus on specific regions and localities 

when addressing the importance of aforementioned characteristics (Cruz et al., 

2018; Graves Lanfer & Taylor, n.d.; Selin, 2003). These uncertainties signal key 

directions for research if we are to design urban landscapes that promote high-

quality interactions between people and nature in a rapidly urbanising world. 

 

This thesis attempts to contribute to the “integration-through-demonstration” 

approach with particular focus on tools to deliver economic and environmental 

benefits of biophilic designs as equally important to anthropocentric benefits. 

Unavoidably, there will be some confusion evident between the papers that form 

part of this thesis, as they emphasise more of one side of this integration than the 

other due to the requirements of particular journals or conferences.  

 

 

1.3 Thesis Organisation 
This thesis consists of five peer-reviewed or submitted publications and an 

exegesis. The exegesis provides the background and context for this research and 

a discussion that integrates the publications and locates them, as a whole, within 

the broader literature and relevant realms of policy and practice. Following the 

introduction presented in this chapter, Chapter 2 describes the research 
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methodology and methods. Chapter 3 provides a summary of the literature review, 

and Chapter 4 presents a brief summary of each publication, their logical 

progression and interconnections. Chapter 5 provides a summary of the results from 

the publications as responses to specific research questions, and a general 

discussion. Finally, Chapter 6 concludes the thesis and offers recommendations for 

future research. The published articles and the manuscript are provided as 

appendices following the exegesis. 

 

 

1.4 Research Questions and Objectives 
The overarching research question of this thesis is: 

 

What tools and strategies can help implement BU in a way that integrates human 

end ecological dimensions?  

 

To answer this question, a number of sub-questions have been proposed: 

 

How can BU be funded? 

How can bioregional planning incorporate BU?  

How can urban transport planning of streets incorporate BU? 

How can urban stormwater engineering incorporate BU? 

How can social and indigenous contexts be used to deliver BU? 

 

To address these questions, a series of case study analyses were undertaken, 

resulting in five publications. The objectives derived from the questions and the 

associated refereed publications are presented in Table 1.2. Chapter 4 provides a 

summary of these publications, which comprise the main body of the thesis.  
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Table 1.2  Summary of the research sub-questions and the associated publications. 
Credit: Author. 

SUB-QUESTIONS OBJECTIVES ASSOCIATED  
PUBLICATIONS 

 

How can  

BU 

be funded? 

 
To examine how biophilic 
elements of different scales 
can be funded and 
implemented in urban 
regeneration projects. 
 
To demonstrate how biophilics 
could be better implemented by 
governments and private 
investors as a core factor in 
urban regeneration projects. 
 

 
Publication 1: 
“Biophilic urban 
regeneration: can 
biophilics be a land value 
capture mechanism?” 
 
Published, peer 
reviewed article in 
Sustainable 
Development and 
Planning  

 

How can 

bioregional 

planning 

incorporate BU? 

To identify how bioregionalism 
and BU are related.  
 
To show that cities can develop 
their bioregional strategies 
from their BD strategies. 

Publication 2: 
“Bioregional planning and 
BU.” 
 
Published, peer 
reviewed book chapter 
in 
Bioregional Planning  
and Design 

How can urban  

transport planning 

of streets 

incorporate BU? 

To develop a theoretically and 
practice-informed design 
framework for biophilic streets 
to enable effective delivery of 
BU. 

 
Publication 3: 
“Biophilic Streets: a 
framework for creating 
multiple urban benefits.” 
 
Published, peer 
reviewed article in 
Sustainable Earth 
(Special issue on BU) 
 

How can urban 

stormwater 

engineering 

incorporate BU? 

 
To develop a framework 
underpinning the biophilic 
regeneration of Perth’s 
stormwater infrastructure, 
taking account of the actors, 

 
Publication 4: 
“Regenerating 
stormwater infrastructure 
into biophilic urban 
assets. Case studies of a 
sump garden and a sump 
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The first two research sub-questions concern understanding how bioregional 

planning can incorporate BU and how it can be funded. The next two questions 

focus on biophilic urban infrastructure design and ask how urban transport planning 

of streets and adjacent stormwater infrastructure can incorporate and benefit from 

BU. The last sub-question focuses on urban indigenous landscaping and asks how 

social and indigenous contexts can be used in BU. These sub-questions led the 

present investigation towards a deeper understanding of how BU could be 

effectively mainstreamed and implemented throughout urban landscapes by 

adopting new funding schemes and re-inventing urban civil and green infrastructure. 

They all seek to integrate the human and ecological elements of BU.  

 

1.4.1 Scope of Research  
The successful delivery of BU is comprised of multiple interrelated factors. To 

strengthen the scope of this thesis, three implementation strategies have been 

drivers, strategies, constraints 
and values. 
 
To explore how old stormwater 
technologies can be 
regenerated into biophilic 
urban assets that provide 
multiple social and 
environmental benefits. 
 
To find a means of integrating 
regenerative BDs into urban 
design and planning in a local 
context such as Perth. 
 

park in Western 
Australia.”  
 
Published, peer 
reviewed article in 
Sustainability (Special 
Issue: Improving Life in 
a Changing Urban 
Environment through 
Nature-based Solutions 
and Biophilic Design) 

How can social and 

indigenous context 

be used to deliver 

BU?  

 

 
To extract principles of 
Indigenous landscaping that 
can assist with delivering BU. 
 
To examine how indigenous 
landscaping (knowledge, 
values, management methods) 
can be used to assist with 
delivery of BU. 

Publication 5: 
“Indigenous landscaping 
and Biophilic Urbanism: 
case studies of Noongar 
Six Seasons gardens.” 
 
Submitted to 
Sustainable Earth 
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selected and are addressed through the five publications. The strategies are 

presented in Figure 1.2 below: 

 

 

 
Figure 1.2  Overarching implementation strategies. Credit: Author. 

 

BU needs effective delivery strategies to realise its potential. Therefore, this thesis 

focuses on finding appropriate avenues to facilitate the successful planning and 

delivery of biophilic urban interventions. The literature review and selected case 

studies showcase best practice. The five publications develop and apply the three 

strategies through the analysis of selected case studies: Publication 1 addresses 

land capture; Publications 2, 3 and 4 address planning and design; and Publication 

5 discusses context. The combined results provide tools and strategies synthesised 

into frameworks which can be applied to urban biophilic projects and initiatives to 

support a transition towards BU. 
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CChapter 2 Methodology and Methods 
 
This chapter presents the methodology and methods employed in the thesis. It 
poses the main research question: What tools and strategies can help implement 

BU in a way that integrates human end ecological dimensions? 
This research is situated within a qualitative research paradigm and the main 

approach for answering this question has been to select and analyse multiple case 

studies which can inform effective and workable tools and strategies to deliver 

biophilic objectives in the urban realm that integrate human and ecological aspects. 

Identified tools and strategies form the basis for the frameworks (Publications 3 and 

4) and principles (Publications 1, 2 and 5) that can be used by design professionals 

and decision-makers to mainstream and deliver biophilic projects. This explanatory 

research is also seeking to develop an understanding of the process of change 

leading to the adoption of BU strategies to deliver biophilic experiences at a city 

scale. 
 

2.1 Research Methodology 
The overall methodology used in this research project is based on a case study 

approach of empirical inquiry. The case study research methodology draws on and 

is guided by the approach outlined by Yin (Yin, 2018), Francis (1999) and Swaffield 

and Deming (2011). This approach uses multiple forms of data collection for an in-

depth exploration of a specific system, process or area of decision-making in order 

to understand how the case studies function within its real-world context (Francis, 

1999; Mills et al., 2012; Yin, 2018). In the design professions, such as landscape 

architecture and urban design, case studies are used to describe or evaluate 

projects after construction (Francis, 1999). Within a particular project, the research 

task focuses on the aforementioned systems, processes and outcomes, as well as 

design elements and techniques. According to Francis (1999), the case study 

analysis should occupy a central role in landscape architectural practice, education 

and research. It is, therefore, suitable for research on the delivery of BU to use this 

methodology and related methods. 

 

Case studies in landscape architecture and urban design can be used to develop 

strategic approaches and tools for future biophilic projects from the scale of a 

singular façade of a building to the scale of a region (Publications 1-5).The selected 
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case study and project examples were conducted and organised around the 

research sub-questions. 

 

2.1.1 Multi-Case Study Research Design 
A multiple-case study research approach was used to answer the main research 

question and sub-questions posed in this thesis (Figure 2.1). This methodology 

refers to several instrumental bounded cases which were selected to develop a 

more in-depth understanding of single or multiple issues (Publications 1, 3, 4 and 5), 

but also to theorise about a broader phenomenon (Publication 2; Mills et al., 2012; 

Yin, 2018). 

 

Multiple-case design allows examination of processes and results across a number 

of selected cases. This approach allows identification of how each case can be 

affected by similar conditions and factors. Two variants of multiple-case studies 

were used, with a single unit of analysis (example: cost-benefit project analysis in 

Publication 1 and multiple units of analysis in Publications 2, 3, 4 and 5).  

 

The case studies and project examples used in this thesis are mainly explanatory. 

They feature urban planning approaches and design solutions that justify the 

decision to use the case study method developed by Francis (1998) for landscape 

architecture. The chosen case studies and exemplars are alike in order to analyse 

findings across similar cases. 
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Figure 2.1  Multi-case study research design based on Yin (2018) and Francis (1999). 

 

2.2 Data Sources 
This research is based on primary and secondary data collected using a number of 

techniques and approaches. Empirical and critical analysis of the case studies gives 

background data to the five publications included in this thesis. A number of field 

studies were undertaken to collect primary data for the research project. Two 

overseas case studies are based in Singapore (Publication 2) and Vitoria-Gasteiz, 

Spain (Publications 2 and 3); one Australian case study is based in Melbourne 

(Publication 3), and five are based in Western Australia: White Gum Valley 

(Publication 4), Lathlain (Publication 4), York (Publication 5) and Jandakot 

(Publication 5). 

 

The selection of biophilic projects analysed in Publications 1 and 3 was based on 

the open-sourced data available. The projects are based in Seoul (South Korea), 
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Birmingham (United Kingdom) and New York, Portland and Berkeley (United 

States).  
 

2.2.1 Primary Data 
The primary data collected for the selected case studies consist of: 

 
Photographic documentation – Photographs were taken during the field trips. The 

photographic documentation of the case studies in Western Australia, to which 

access was relatively easy and inexpensive, were taken during different stages of 

the projects or time of the year. The photographic documentation provides 

information on the aesthetic, technical, design and performance aspects of the 

projects. It also documents changes occurring on-site and the landscaping 

components. 

 

Information from site analyses (direct observations) and visual assessment – Data 

from site visits to constructed/in-progress projects is included. The site analysis 

undertaken by the researcher is based on her own subjective observations and 

interpretations guided by her professional work experience. 

 

Notes from guided walks – Field trips were usually combined with oral presentations 

conducted by a guide who shared his/her knowledge of the project. Handwritten 

notes were taken during the guided walks and included in the case studies. 

 

Recordings and transcripts of semi-formal interviews – Interviews were undertaken 

to deepen understanding of the processes and values behind the case study 

projects. The selection of interviewees was based on the ability, accessibility and 

availability of the actors and stakeholders involved in particular projects. The 

interviews had a semi-formal character, and they were recorded with permission 

from the interviewees. The recordings were transcribed, and the gathered data was 

analysed. The questionaries used in the interviews are attached in Appendices A 

and B. 

 

2.2.2 Secondary Data 
Open-source data available online, in print and via audio recordings were analysed 

and included in this thesis. The secondary data sources consist of:  
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Existing literature – Data concerning some of the projects were sourced from the 

peer-reviewed articles and books available online and in print. 

 

Manuals and guidelines – Manuals regarding approaches, objectives and design 

applications were selected to inform this research project. Internet search engines 

were used to collect data since the manuals and guidelines were not scholarly 

literature but uploaded to websites or databases created by government or not-for-

profit agencies.  
 
Project documentation – Technical project documentation was sourced from the 

designers, government agencies and other stakeholders involved in the case study 

projects. The documents include the site analysis, the design proposal and detailed 

design. The engineering and hydrological assessments were also included and 

analysed. Project descriptions in professional online magazines were also 

examined. Professional design awards were used as sources of exemplary projects, 

for example, the American Society of Landscape Architects annual awards. 

 

Brochures – Brochures issued by government agencies and private companies 

were included in the case-study data collection. The brochures explained the 

purpose, the process, the underpinning philosophy and values, the actors and other 

stakeholders involved in the conceptual design and execution of the case studies 

and examples of projects included in this thesis. 

 

Archival materials – These included newspaper articles, public records, reports, 

audio recordings available online or in press, audio-visual recordings available on 

YouTube or Vimeo. 

 

2.3 Selection of Case Studies 
The selection criteria for the case studies were based on several factors (the 

rationale behind the case studies selection): 

 

 They represent new approaches to urban landscape planning and design; 

 BD and performance-—projects were assessed against biophilic elements, 

experiences and strategies developed by Kellert and Calabrese (Kellert & 

Calabrese, 2015); 

 Availability of cost-benefit analysis; 
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 Availability of photographic documentation; 

 Availability of scientific publications on the case study projects;  

 Accessibility of the case study material published, critical articles and 

magazine publications by designers, scientists and other professionals; 

 Whether the case study projects were public or private; 

 Whether the actors and stakeholders were possible to identify and interview; 

and 

 Accessibility of the sites. 

 

The goal was to include examples showing significant increase in property value 

due to the development of a project presenting substantial biophilic qualities and 

experiences (Publication 1). The case studies were also selected to examine how 

biophilic elements of different scales can be used in urban biophilic regeneration 

initiatives (Publications 2, 3, 4 and 5). 

 

2.4 Research Methods 
A range of qualitative research methods were used in this research project: 

observational, historical (including literature review), behavioural, 

storytelling/anecdotal, interview, interpretation, analysis and evaluation. This section 

describes the methods employed for data collection and analysis. Table 2.1 outlines 

the methods used in each of the publications. Once the case studies were 

examined, the cross-case comparison was conducted, and is presented in 

Publications 3 and 4, to clarify key variables and identify how the key variables are 

patterned in each case. 

 

Table 2.1  Research methods reported in the publications. 

PUBLICATION METHODS 

 

1. “Biophilic urban regeneration: 
can biophilics be a land value 

capture mechanism?” 
 

 
1. Literature review 
2. Analysis and evaluation of the case 

studies: 
a) Analysis of publically accessible project 

documentation and reports 
b) Analysis of the newspaper articles 

 

  
1. Literature review 
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2. “Biophilic planning and Biophilic 
Urbanism.” 

2. Analysis and evaluation of the case 
studies:  
a) Analysis of publically accessible project 

documentation and reports 
b) Site visits, photographic documentation 
c) Analysis of audio-visual recordings 

 

3. “Biophilic Streets: a framework 
for creating multiple urban 

benefits.” 

 
1. Literature review  
2. Analysis and evaluation of the selected 

case studies: 
a) Analysis of urban street elements 
b) Site visits and analysis, photographic 

documentation 
c) Analysis of publically accessible 

project documentation and reports 
d) Semi-structured interview with 

planners 
 

4. “Regenerating stormwater 
infrastructure into biophilic urban 
assets. Case studies of a sump 

garden and a sump park in 
Western Australia.” 

 
1. Literature review 
2. Analysis and evaluation of the selected 

case studies: 
a) Site visits and analysis, photographic 

documentation 
b) Analysis of publically accessible project 

documentation, reports 
c) A semi-structured interview 
d) Analysis of audio-visual recordings 

 

5. “Indigenous Landscaping and 
Biophilic Urbanism: Case Studies 

in Noongar Six Seasons” 

 
1. Literature review 
2. Analysis of the selected case studies 

a) Analysis of newspaper articles, local 
government online press release and 
official informative brochures 

b) Site visits and analysis, photographic 
documentation 

c) Notes from guided walks 
d) Analysis of publically available audio 

recordings 
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2.5 Data Analysis 
The analysis of the case studies aimed at extracting the type of data that helped to 

answer the research questions. Data was collected from many different sources 

using various methods as specified in Chapter 2. The qualitative data were 

analysed using the coding technique. Firstly, the reports were prepared for the case 

studies. Secondly, the case-specific themes were developed that gave background 

to the development of codes. The research questions, hypotheses, problem areas 

and key variables were considered when coding the data (Miles & Huberman, 

1994). Further, the codes were used to develop analytical frameworks for the 

implementation strategies and concepts (Figure 1.2) which gave background to the 

five publications included in this thesis. 

Besides the data from the case studies the reports included evidence from 

published literature that confirmed or disconfirmed the collected data. 

 

2.6  Research Limitations 
The nature of this research project (empirical inquiry) and the research questions 

determined the selections of the methodology and methods used. 

Although a profound description and analysis of the selected case studies may have 

been desired, the researcher had limited resources and timeframe to undertake an 

exhausting study of every case and write long and very detailed reports. The 

amount of description, analysis, and summary material, that had to be collected, 

was a mutual decision between the researcher and the investigator. The researcher 

based her decision on answering the critical questions by Stake (Stake, 2005). The 

questions also present the case study limitations: 

1. How much to make the report a story? 

2. How much to compare with other cases? 

3. How much to formalize generalizations or leave such generalizing to readers? 

4. How much description of the researcher to include in the report? 

5. Whether or not and how much to protect anonymity?  

To avoid the issue of generalizability, several case studies were selected and 

analysed. The comparative analyses and results helped answer the research sub-

questions and, ultimately, the main research question. 
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The limitations included the site visits to the selected projects that give rise to the 

case studies. Visiting the project sites was limited by the funds' availability, 

however, several sites were visited to document the findings on the ground. 

Further limitations include the issue of obtaining the ethics clearance in order to 

conduct interviews with the indigenous persons. The research timeframe did not 

accommodate enough time needed to undergo the complex process. This was 

overcome by exploring and implementing other methods of including indigenous 

accounts in the research project. 
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33. Literature Review Summary  
 
This chapter summarises the literature reviewed for this thesis. It includes the 

literature reviewed for each publication (Appendices C to G) and builds on the 

literature already examined in the earlier sections in Chapter 1. This narrative 

literature review considers extant literature and theories relevant to the research 

and situates the research within the field. It also provides the theoretical context for 

the main research question and sub-questions. 

 

3.1 Biophilic Urbanism and Biophilic Urban Design (Publications 1 
to 5) 

The core theories underpinning this thesis, which are often used interchangeably in 

the literature, are biophilic urbanism (BU) and biophilic urban design (BUD). It is 

possible to distinguish between these terms if a scale criterion is applied. BU refers 

to city planning and developmental strategies, whereas biophilic urban design refers 

to particular projects, elements, strategies and designed forms within the urban 

realm. BU is the study of cities analysed through the lens of the biophilia hypothesis 

(Beatley, 2009, 2016b; Kellert, 2016b; Newman et al., 2017a). The theory of BU is 

based on the knowledge that humans have an innate need to affiliate with nature (E. 

O. Wilson, 1984), and that this need should be met on a daily basis (Beatley, 

2011a) in order to maintain people’s health and wellbeing. 

 

A vast body of research into human health and wellbeing exists, that gives a strong 

basis for the development of BU theories and executive strategies (Beatley, 2016c; 

Kaplan & Kaplan, 1989; Ward Thompson et al., 2012). It has been well documented 

that nature and its analogues may assist with recovery from depression and other 

mental health disorders, that they can promote healing from diseases, strengthen 

attention restoration, aid recovery from stress or fatigue, and help to lower blood 

pressure and cortisol levels (Bowler et al., 2010b; Söderlund, 2019). For example, a 

widely disseminated research project carried out by Ulrich (1984) shows that there 

is a strong relationship between exposure to the natural environment, having a view 

of nature and natural analogues and the time needed for a patient to recover in 

hospital.  

 

BU offers strategies for urban infrastructure to provide biophilic experiences to 

citizens (Beatley, 2016a; Beatley & Newman, 2013; Kellert, 2018; Kellert et al., 
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2008; Kellert & Calabrese, 2015). These strategies also support and promote urban 

ecology and biodiversity and help to mitigate problems caused by changing climate 

(Newman et al., 2017b; Reeve et al., 2012). Newman et al. (Newman et al., 2017b) 

remind us that cities harbor a great deal of wildness, which sometimes is overlooked 

or underappreciated. However, due to those wild remnant areas, biophilic 

experiences can be provided without over-designing urban greenery. 

 

An emerging body of research attempts to better understand what BU means in 

practice and what elements would bring biophilic experiences to the urban realm 

(Beatley, 2016b; Kellert et al., 2008; SBEnrc, 2012). However, the confusion over 

how to deliver BU at different scales remains (Desha et al., 2016; D. Jones et al., 

2017; Littke, 2016). Timothy Beatley (2017) noticed that many projects executed in 

the urban realm have biophilic characteristics and provide biophilic experiences, 

although the terminology and strategies developed are rarely used. 

 

The primary constraints to mainstreaming BU in Australia have been defined in a 

study led by the SBEnrc between 2010 and 2012. This research draws attention to 

the current research gap that needs attention to facilitate the delivery of BU 

(SBEnrc, 2012). The research conducted by Peter Newman and his team identified 

the enablers and disablers for biophilic projects (Table 3.1). The main obstacles to 

wider implementation of biophilic projects were found to be a lack of supportive 

legislation, economic issues, a lack of flagship examples and a cultural 

disconnection from nature, especially in urban settings. 

 

Table 3.1  Factors that enable greening of urban environments (adopted from SBEnrc, 
2012). 

ENABLING 
FACTORS DESCRIPTION 

Policy 
 
Supportive and adaptive policies and building standards 
driving innovation. 
 

Government 

 
Leadership in various levels of government and planning. 
Willingness to introduce supportive policy measures. 
Creative leadership responsive to community expectations 
rather than political cycles and traditional economics.  
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Social 
Pressures 

 
Existing social and community groups’ appreciation and 
pressure for BU. 
Availability of community leaders and change agents to assist 
in educating communities, establishing norms and supporting 
political processes.  
Existing appreciation of the benefits of nature. 
 

Private Sector 

 
The private sector can provide funding, leadership and 
“biophilic entrepreneurship” to drive the development of BU 
demonstration sites and general use within cities. 
This is further enabled through effective policies and 
incentives, and new economic models and valuation 
methods. 
 

Demonstration 

 
A growing number of demonstration sites showcasing the 
multiple benefits of BU and driving new norms in urban 
design. 
 

Economics 

 
Interest in new valuation techniques and metrics to enable 
the inclusion of traditional externalities in financial evaluations 
of building and urban design with BU, which in turn may 
enable access to finance for biophilic elements. 
 

DISABLING 
FACTORS DESCRIPTION 

Lack of proof 
and 

qualification 

 
Limited local research, information and economic data on 
biophilic elements prevents decision-makers from making 
justifiable decisions. Biophilic elements are vulnerable to 
financial pressures if the full economic and social value isn’t 
demonstrable. 
 

Existing policy 
and planning 

framework 

 
A “silo effect” does not allow government to look holistically at 
a concept, and exacerbates split incentives. A lack of 
mandatory requirements makes BU a “beyond compliance” 
addition to building and planning. Existing regulations and 
planning requirements often do not support the inclusion of 
biophilic elements. 
 

Cultural and 
social inertia 
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Cultural disconnection from the natural environment leads to 
ignorance of the benefits of experiences of nature and a lack 
of support for policies to increase urban nature. 
 

Split incentives 

 
Benefits and costs of BU are unequally borne by various 
government departments and between stakeholders (i.e., 
private organisations, government and society) such that the 
costs may be paid by a department, organisation or individual 
that does not recoup the full benefits. 
 

Traditional 
economics 

 
Traditional economic models that do not value externalities 
disempower decision-makers from including biophilic 
elements in urban and building design. 
 

 
 

A study conducted by Coffey and colleagues (2020) points to the principles of ‘good 

governance’ as enablers to successful urban greening. The researchers analysed 

several case studies and highlighted the diversity of ways in which ‘good 

governance’ can be practiced. For example, transparency can be achieved through 

the openness of those involved in the processes, and legitimacy can be achieved by 

acceptance and association with institutes, government departments, and 

community groups. A focus on the principles of ‘good governance’ may encourage 

and support the involvement of diverse actors and organisations in urban greening 

initiatives. 

 

In order to improve the uptake of BU, showcase examples of urban projects need to 

be well-documented, researched and disseminated to inform decision-makers, 

designers and also local communities on how to achieve biophilic objectives in real-

world settings.  

 

Cultural disconnection from the natural environment seems to be the challenge for 

mainstreaming BU around the world. In the case of Australia, deeply-rooted 

connections with natural environments seem to suffer from a lack of official support 

from local governments. While some positive, systematic changes have been 

recorded, the need for cultural reconnection with nature is not high on government 

agendas (Beatley & Newman, 2009; Desha et al., 2016; Newman, 2014).  
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Considering the existing research and literature on BU, and the knowledge gaps 

discussed above, it is clear that there exists an urgent need for theory to be 

translated into practice in a systematic way, and in a way that takes a whole-of-city 

approach rather than focusing on isolated projects and integrating separately 

considered human and ecological dimensions.  

 

3.2 Land Value Capture (Publication 1) 
Individual health and wellbeing are key determinants of quality of life, and are 

shaped by a diverse array of issues including urban density, transport and 

walkability, access to nature, food and culture. Nevertheless, they remain absent 

from the standard business models that inform the investments made by cities, and 

are often inadequately addressed in sustainability strategies. 

 

BU considers how access to quality green spaces, and biophilic buildings and 

infrastructure, can support and enhance health and wellbeing. In order to provide 

people with adequate access to nature, cities should strategically plan and distribute 

biophilic spaces. However, traditional business models rarely take account of the 

health or economic benefits of biophilic spaces and elements. One of the financing 

models that could support the strategic investment in biophilic projects is land value 

capture (Cabanek & Newman, 2016). It has been shown that when this mechanism 

is applied, the redevelopment of an area can provide revenue to development 

authorities (McIntosh et al., 2014). The concept of land value capture first emerged 

in the United States as a way of funding urban regeneration (Newman, 2016). 

Urban regeneration involving green public spaces and urban infrastructure 

increases the economic value of the adjacent properties and land. Consequently, 

local land and sale taxes increase. Land value capture estimates these increases 

and uses it as a hypothecated fund to finance green space improvements (Cabanek 

& Newman, 2016). 

 

3.3 Bioregional Planning (Publication 2) 
Bioregions are areas that embrace local communities and surrounding landscapes, 

thereby providing those communities with food, fibre, water and space for recreation 

(Newman & Jennings, 2008). They also provide habitats for many species of fauna 

and flora. Bioregions are considered to be of sufficient size to manage whole 

ecosystems, including urban ecosystems (Miller, 2001). 
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Beatley (2011) proposed “green regions” as an approach to regional sustainability 

planning. He suggested mixing urban settlement with adjacent hinterlands and 

ecosystems to create compact and sustainable settlements. However, the challenge 

remains as to how green regions will connect the urbanised areas with the 

countryside. One possible solution lies in supporting bioregional planning to draw 

from BU to find solutions for urbanised and countryside areas.  

 

Place-based approaches to bioregional planning are needed, and these could be 

achieved by adopting strategies from other sustainable planning and design 

approaches such as BU. Some societies have already approached complex socio-

ecological problems by establishing place-based and regional solutions to support 

and enhance the health and wellbeing of residents (Pezzoli & Leiter, 2016). 

 

In The City in History, Mumford (Mumford, 1961) pointed to the need to bring nature 

to cities in order to provide daily biophilic experiences to an urban population. He 

accused modernist urban planners and designers of following the ideas of modern 

progress, yet neglecting the relationship that humans have always had with the 

natural world. He charges modern urban planning with bringing sterility to the rural 

landscapes and death to the city. 

 

3.4 Biodiversity, Ecosystem Services and Green Urban 
Infrastructure (Publications 1-5) 

The European Parliament resolution (2016) on the mid-term review of the EU’s 

biodiversity strategy expressed concern about the continuing loss of biodiversity and 

called for reduced degradation and fragmentation. The resolution proposed that at 

least 15% of degraded ecosystems be restored by maintaining, enhancing and 

establishing new green infrastructure (European Parliament, 2016). Three years 

after the European Parliament issued the resolution, the UN report on biodiversity 

loss (2019) concluded that the world’s biodiversity was further declining at an 

unprecedented scale. A report prepared by the Intergovernmental Science-Policy 

Platform on Biodiversity and Ecosystem Services (IPBES), warned that the current 

rate of global species extinction is ten hundred times higher than the average over 

the past 10 million years. The IPBES reported that out of 8 million animal and plant 

species up to 1 million are threatened with extinction, which will happen gradually 

during the next decades (IPBS, 2019). 
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Biodiversity is recognised as essential to humanities existence (Cardinale et al., 

2012). According to the latest report by the IPCC (Masson-Delmotte et al., 2018),  

lowering global warming by 1.5°C, will require tools such as green urban 

infrastructure to mitigate the heat island effect in cities and to enhance biodiversity. 

The IPCC report also provides policymakers and practitioners with the information 

they need to make decisions toward mitigating climate change, while considering 

local context and the needs of populations. Global warming is likely to increase by 

1.5°C between 2030 and 2052 if the current rate continues. If the rise of global 

temperature is not abated, the decline of biodiversity will continue at an accelerating 

rate (Masson-Delmotte et al., 2018). 

 

3.4.1 Biodiversity and Urban Ecosystems 
The relationships between urban biodiversity and urban ecosystems are often 

perceived as positive (Kabisch et al., 2016). In contrast, the review by Schwarz et 

al. (Schwarz et al., 2017) showed that the empirical evidence underpinning the 

relationship between urban biodiversity and ecosystems appears insufficient. 

Evidence is needed, for instance, to ascertain the role of particular species of fauna 

and flora in building healthy ecosystems. Furthermore, indigenous knowledge of 

local ecosystem structures and habitats may play a significant role in validating the 

positive relationship between local biodiversity and ecosystem services (Hunt et al., 

2009; McKemey et al., 2020).  

 

The networks and interdependencies between biodiversity and ecosystem services 

are only beginning to be understood (Newman & Jennings, 2008). The importance 

of ecosystem services in urban environments has been recognised for many years 

and their significance for cities should be expressed in urban planning policies. All 

urban activities depend on healthy ecosystem services and biodiversity, and form 

the basis for ecosystems that provide a large number of goods and services, as 

shown in Table 3.2. 
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Table 3.2  Ecosystem services and health needs (adopted from Newman and Jennings 
2008). 

 
ECOSYSTEM SERVICES 

 

PROVISIONING REGULATING CULTURAL SUPPORTING 

 
Goods provided 
by  
or produced by 
ecosystems: 
 Food 
 Fresh water 
 Fuelwood 
 Fibre 
 Biochemicals 
 Genetic 

resources 
 

 
Benefits obtained 
from regulation of 
ecosystems 
processes: 
 Climate 

regulation 
 Disease control 
 Flood control 
 Detoxification 

 
Nonmaterial 
benefits obtained 
from ecosystems: 
 Spiritual 
 Recreational 
 Aesthetic 
 Inspirational 
 Educational 
 Communal 
 Symbolic 

 
Services that 
maintain the 
conditions for life  
on earth: 
 Soil formation 
 Nutrient 

cycling 
 Pollination 
 Maintenance 

of biological 
diversity 

 
ECOSYSTEM HEALTH NEEDS 

 
 

 No net soil loss 
 Intact nutrient cycles 
 Absence of polluting gases or particles in the atmosphere 
 Absence of harmful concentrations of chemical compounds in water 

bodies and soil 
 Absence of harmful levels of ionising radiation 

 
 

3.4.2 Biodiversity and Human Health 
Limited  information is available to link biodiversity and human health (Sandifer et 

al., 2015). There is some evidence of positive indirect (Wall et al., 2015) and direct 

health effects of species-rich environments already exists in the scientific literature 

(Fuller et al., 2007). The studies led by Shwartz and colleagues (Shwartz et al., 

2014) demonstrated a measurable positive association between species richness 

and aspects of psychological health and wellbeing. The authors suggest that 

heterogenic habitats may influence human health and self-perceived wellbeing. 

 

3.4.3 Economic Value of Ecosystem Services 
In terms of the economic value of urban ecosystem services, a study led by 

Costanza et al. (Costanza et al., 1997) estimated that ecosystem services 
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worldwide are worth on average USD33 trillion which is near twice the global GNP 

of USD18 trillion. The study drew attention to the possible economic losses the 

countries may suffer due to the exclusion of ecosystem services from their 

legislative acts. Although the ability of green infrastructure to deliver ecosystem 

services and biodiversity has been documented in many studies, cities still struggle 

to secure the resources and other capacities to implement appropriate agendas 

(Lovell & Taylor, 2013). 

 

3.4.4 Green Urban Infrastructure 
“Green urban infrastructure” is a term used to define strategic approaches to urban 

green space planning that focuses on network connectivity (Davies & Lafortezza, 

2017). Green infrastructure replicates the ecosystem functions through natural 

vegetative systems, green methodologies and other nature-based technologies. It 

includes green areas or elements in private and public lands and properties 

(Vargas-Hernández & Zdunek-Wielgołaska, 2020). Several ecosystem services can 

be considered when evaluating urban green spaces: plant biodiversity, food 

production, microclimate control, soil infiltration, carbon sequestration, visual quality, 

recreation and social capital (Lovell & Taylor, 2013). The effect of green and urban 

infrastructure on human health and wellbeing should also be included in strategic 

urban infrastructure planning; however, this is not always the case.  

 

Green infrastructure is also viewed as a tool for combatting the environmental 

consequences of climate change (Matthews et al., 2015; Norton et al., 2015). Many 

cities have taken important actions to mitigate the results of changing climate. In 

Paris, for example, government authorities decided to remove hard surfaces and 

turn them into green assets. In Milan, there is an ambitious plan to plant 3 million 

trees by 2030 (Pearce, 2019). 
 

3.5 Culture, Ethnicity and Spirituality in the Urban Realm 
(Publication 5) 

Culture, ethnicity and spirituality are, amongst many others, the characteristics of 

multicultural societies that need to be addressed when planning and designing 

urban environments (Carmona, 2019; Duxbury et al., 2016; Wansborough & 

Mageean, 2000; Yazdani & Lozanovska, 2014). From the public open spaces to a 

single building, multicultural societies should be given opportunities to express their 

cultural and ethnic values. Pedersen Zari (Pedersen Zari, 2019) pointed to the need 
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of cultural diversities and the differences between preferences of different groups of 

people to be effectively explored and integrated into BU and BD. 

 

Designing biophilic experiences, which are culturally and ethnically sensitive, can be 

perceived as a new challenge for those design professionals who wish to follow the 

BU strategies. Buijs et al. (Buijs et al., 2009) argue that public places are essential 

to a community’s success and this has been recognised by social scientists, urban 

planners, and community organisers. The neighbourhoods with vibrant public places 

are characterised by greater social capital. 

 

Many studies have been conducted to understand the patterns of use of public 

places by people of different ethnic and cultural backgrounds (Cruz et al., 2018; 

Selin, 2003; Talen, 2008; Taylor, 2018). For example, Low et al. (Low et al., 2005) 

argues that the most successful public spaces are those where cultural differences 

are valued and expressed through design which nurtures many different 

preferences, where individual cultures are celebrated. Courtney Knapp (Knapp, 

2008) from Project for Public Spaces recalls the Ethnicity Theory which explains 

that “the varying patterns of use in public spaces is the result of differences in 

cultural values attached to a space or activity, not merely differences in access”. 

 

One of the factors contributing to the creation of culturally and ethnically- sensitive 

urban spaces is the recognition given to indigenous ecologies. Birkeland (Birkeland, 

2012) suggests that indigenous ecologies can serve as a guide for retrofitting cities. 

If embraced, this could help BU to develop design strategies and solutions 

addressing the needs and preferences of multicultural urban societies.  

 

Cultural diversity and the differences between the needs of various groups and 

communities remain important factors of BD that can determine the success of 

biophilic urban interventions. Urban planners and designers should respond to an 

understanding of people’s innate connection to the living world (Beatley, 2009; 

Pedersen Zari, 2019). For example, a notion of experience through time and the 

seasons may influence an individual understanding of biophilic places. To ensure 

adequate psychological and ecological benefits, the needs of different ethnic, 

cultural, indigenous, or immigrant groups need to be recognised and addressed by 

designers. 
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3.6 Conclusions 
The following is a summary of the literature review, which identifies the knowledge 

gaps that have led to the main research question and the sub-questions of this 

thesis. 

 

The vast body of literature on BU and design focuses predominantly on its 

theoretical aspects. The elements, strategies and experiences of BU have been 

distilled and documented, and form some guidelines for designers, urban planners 

and other various stakeholders.  

 

No literature was found on examples of delivery processes that could become a 

baseline for biophilic urban projects. Most studies explained current theories, 

historical accounts, opportunities and constraints, but failed to present a framework 

for the delivery of biophilic urban projects. 

 

There have been some attempts to design and deliver urban projects based on the 

principles and experiences of BU; although no framework has been established that 

could inform designers and planners of tested and proven pathways to the 

successful execution of biophilic projects. The difficulties with finding suitable and 

vacant space for quality biophilic projects in the urban realm remain significant. The 

most common public open spaces in cities are streets and their potential to become 

biophilic places is yet to be fully examined. Some examples of urban infrastructure 

have been found to comply with the principles of BU, however, and have been 

presented as important case studies in academic and professional literature. Some 

examples include the High Line in New York (Beatley, 2011a; Reeve et al., 2013) or 

Gardens by the Bay in Singapore (Beatley, 2016b; Newman, 2014). 

 

The economic benefits of BU have been presented through the analysis of 

individual projects and initiatives. In many case studies, the applied research 

methodologies are place-specific and aim to estimate the hedonic value of biophilic 

projects; that is, how much one is willing to pay. 

 

The cultural aspects of urban green infrastructures are rarely considered in urban 

development projects, and design initiatives often fail to meet the cultural and 

spiritual needs of multicultural urban communities. Urban planners and designers 

frequently try to impose current trends and fashions and disregard local, and 
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possibly ancient, knowledge and heritage. Style, materials and design criteria bow 

to the pressure of globalisation and become universally adopted by designers in 

different countries in an attempt to achieve similar results across different climatic, 

environmental, social and bioregional conditions. This leads to the implementation 

of infrastructural designs that are out of place or disconnected from local heritage, 

history and community needs. Historical aspects, and local cultural and indigenous 

knowledge should be carefully considered in the design process of urban green 

infrastructure. 
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44. Publication Summaries 
  
This chapter presents a brief summary of each publication submitted as part of this 

thesis. It shows the logical progression between them and the results of each. The 

full publications have been reproduced in Appendices C to G. Each publication 

answers a sub-question of the thesis. 

 

4.1 Publication 1:  “Biophilic urban regeneration: can biophilics 
be a land value capture mechanism?” 

 
Status: Published in a peer reviewed conference proceedings Sustainable 

Development and Planning (Appendix C) 

 

Cabanek, A. & Newman, P. (2016). Biophilic urban regeneration: can biophilics be 

a land value capture mechanism? In C.A. Brebbia, S.S. Zubir & A.S. Hassan (Eds.), 

WIT Transactions on Ecology and the Environment. Sustainable Development and 

Planning (pp. 65-78). Doi: 10.2495/SDP160061 

 

This publication addresses sub-question 1: How can BU be funded? 

 

4.1.1 Abstract 
The selected case studies are analysed through the lens of land value capture as a 

theoretical funding mechanism for biophilic urban projects. This paper suggests a 

possible funding mechanism to enable BU to be mainstreamed as a part of urban 

regeneration. It examines whether land value capture could be used to fund 

mainstreaming of biophilic urban projects. 

 

4.1.2 Research Methodology 
Case study methodology was used to conduct this research. Three case studies 

were selected to investigate the relationship between property value and 

regenerated urban infrastructure to validate the initial hypothesis that biophilic 

structures and elements of different scales enable urban regeneration to become 

financially attractive to private and public investors. A hedonic pricing methodology 

is commonly used in urban studies to estimate the impact of green urban assets on 

real estate value. The hedonic price model is used to evaluate willingness to pay for 
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the given difference in proximity of properties to environmental amenities (Liebelt et 

al., 2018).  

 

4.1.3 Land Value Capture 
The concept of land value capture first emerged in the United States as a way of 

funding urban regeneration (Newman, 2016). Urban regeneration involving green 

public spaces and urban infrastructure increases the economic value of the adjacent 

properties and land. In consequence, local land and sale taxes increase. Land value 

capture proposes to estimate these increases and use it as a hypothecated fund to 

finance green space improvements. 

 

4.1.4 Value Capture and Biophilic Urbanism 
This publication is based on the analysis of three case studies: Cheonggyecheon 

Stream Restoration project in Seoul, South Korea; the Canalside regeneration 

project in Birmingham, United Kingdom; and the High Line Park in New York, the 

United States. In the first two case studies, the researchers examined the land value 

capture from the regeneration of traditional green and blue urban infrastructure. 

Analysis of the third case study showed how innovative biophilic structures, such as 

elevated urban green ways and parks, contribute to the increase of land and 

property values. The case studies reveal how the mechanism of land value capture 

could be applied to finance biophilic projects. 

 

The Cheonggyecheon Stream Restoration Project in Seoul is a flagship example of 

urban regeneration that included revitalisation of blue urban infrastructure. The 

underground waterways were redirected to create a new streambed with 

landscaped banks and restored ecologies (CABE, 2011). The regenerative 

strategies provided biophilic effects as well as significant economic benefits for 

adjacent land and properties. The residents gained new recreational space, the 

stream was revived, and its ecology restored and increased by 639% between 2003 

and 2008 (Landscape Architecture Foundation, n.d.). The reported economic gains 

feature a significant increase in the land value by 30 to 50% for properties within 50 

metres of the project, which was double the increases in other parts of Seoul. The 

overall cost of the project was USD380 million, and the regeneration has served as 

a catalyst for an estimated KRW22 trillion (USD1.98 billion) worth of capital 

investment in the Cheonggyecheon redevelopment area. The project is an example 

of successful urban regeneration in which green and blue infrastructure became key 
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incentives for economic development (Landscape Architecture Foundation, n.d.; 

Lee & Anderson, 2013; Yeon Hwang, 2004). 

 

In 2014, Birmingham, in the United Kingdom, became a member of the Biophilic 

Cities Network and committed to the city-wide regeneration of rivers, stream and 

canals to restore their ecosystems, regenerate and develop adjacent land and 

properties, and provide a grid of pathways and trails to support local tourism. 

According to the study led by GHK in 2009, the net impact of the City Centre 

canalside development on property values was between GBP25.7 and GBP57.1 

million (Gore et al., 2013). The canalside regeneration is an ongoing initiative and 

includes a number of projects initiated by the local council as well as private 

investors and stakeholders. 

 

The economic benefits of canalside properties can see an increase in value. The 

regeneration encourages the reuse of land and buildings.  The 2011 IWAC report, 

‘Value of the Inland Waterways’, highlighted the significant benefits that navigable 

waterways in the UK can bring (Hazenberg & Bajwa-Patel, 2014). It was estimated 

that the baseline benefits of inland waterways were between GBP109,000 and 

GBP730,000 per kilometre.  

 

One of the most successful urban regeneration projects, featuring many aspects of 

BD, is the High Line, an elevated urban park in Manhattan, New York, in the United 

States. The High Line was built in three phases between 2006 and 2014 on a 

neglected freight rail lane. The project was developed and promoted as an 

economic regeneration of an industrial area and has become one of the major 

tourist attractions in New York (Ascher & Uffer, 2015; Beatley, 2011a). The High 

Line project significantly lifted the value of surrounding properties and stimulated the 

commercial and residential property market resulting in an estimated USD4 million 

in private investment (Beatley, 2011a). Friends of the High Line, a not-for-profit 

organisation established to lead the project, studied the potential economic gains for 

the freight line area. These studies projected how incremental tax revenues created 

by higher real estate values around the park would outweigh the costs. The 

organisation managed to raise USD300 million from private investors to finance the 

completion of the project and the ongoing maintenance (Ascher & Uffer, 2015) on 

the basis that it would improve the value of their properties. According to Levere 

(Levere, 2014), after partial completion of the project the impact on property sales 
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was estimated at a USD100 million increase in property taxes that the city gained in 

2010.  

 

Factors that led to the successful execution of the project were, according to Ascher 

and Uffer (Ascher & Uffer, 2015), the marketing campaign carried by The Friends of 

the High Line and their celebrity supporters; political and federal government 

support; the public-private partnership between Friends of the High Line and 

government; and the re-zoning and new regulations that allowed potential 

development to the area.  

 

The High Line initiative shows an alternative way of funding green infrastructure 

projects, using projected tax revenues and other financial benefits to activate a 

project. Similar elevated greenways and linear parks have been planned for 

Chicago, Philadelphia, Atlanta and Rotterdam (Triman, 2013), proving that private 

and public investors are starting to recognise the value of urban regeneration using 

biophilics. 

 

4.1.5 Conclusions 
In this paper, the authors propose implementing a mechanism of land value capture 

as a way of funding biophilic projects by private and public investors. The proposed 

land value capture mechanism has been successfully used in the United States, 

Canada, Japan and Hong Kong. The concept is founded on the principle that land 

value is determined by its intrinsic value plus any private investment that is enabled 

because of investment in infrastructure, economic development and population 

growth. From the analysis of the selected case studies, it has been shown that the 

increase in land value could be generated through a strategic design of public 

amenities using the principles of BU. A local government can gain extra taxation 

revenues as a result of new development, without raising existing rates. These 

revenues can be forecast and included into future budgets as a means of paying for 

biophilic urban infrastructure costs up front. 

 

Urban greenery has been shown to have the potential to uplift the value of land and 

adjacent properties. Therefore, it is likely that BD principles informing strategic 

urban design may further increase this value. Furthermore, this increase in land 

value can be used to attract private and public investors to deliver new businesses 

in the area. New investments help to create vibrant neighbourhoods, indirectly lifting 
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the value of all properties nearby. The results suggest that a government 

mechanism of land value capture can be used to mainstream biophilic projects in 

urban policy. 
 
 

4.2 Publication 2: “Bioregional planning and biophilic urbanism” 
 
Status: Published in a peer reviewed book (Appendix D) 

 

Newman P. & Cabanek A. (2020) Bioregional Planning and Biophilic Urbanism. In 

D. Fanfani & A. Matarán Ruiz (Eds.), Bioregional Planning and Design: Volume I. 

Cham, Switzerland: Springer. https://doi.org/10.1007/978-3-030-45870-6_7 

 

This publication addresses the second sub-question: How can bioregional planning 

incorporate BU? 

 

4.2.1 Introduction 
Bioregions are large areas of geophysical patterns characterised by landscape-

scale natural features. They emerge from complex environmental processes. A 

bioregion is defined by natural borders, not by administrative borders (Thayer 1997, 

2009; Fanfani 2009, 2013), and is responsible for providing ecosystem services—

food, fuel, water, fibre, waste management and ecological services—critical for the 

existence of cities. 

BU is an approach to urban planning and design based on the knowledge that 

humans have a need to affiliate with nature that should be met in their daily lives 

(Beatley, 2011a; Kellert, 2016b; Kellert et al., 2008). The special niche of BU 

focuses not only on applying greenery onto building façades and roofs, but also 

inside buildings (Kellert, 2018; Kellert & Calabrese, 2015; Newman, 2014). Although 

bioregionalism and BU are related, the link between them is not always made. BU is 

a new movement in urban planning and design which tries to re-establish the 

integration between cities and bioregions (Hes & Du Plessis, 2015; Newman & 

Jennings, 2008). The main objective of this study was to demonstrate how cities can 

develop their bioregional strategies from BU and design strategies. 

 

Cities continue consuming and eroding natural environments and resources by 

expanding their boundaries and developing on greenfields. Recently, however, 
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cities have been pressured to go beyond merely minimising their impact on 

bioregions to regenerating bioregional natural systems, and many urban 

development projects do go beyond just limiting their impact (Newman et al., 

2017b). Green infrastructure is favoured over grey infrastructure to achieve similar 

results; for example, green spaces are used to manage stormwater (Prudencio & 

Null, 2018; Wong & Breen, 1998). The centuries of damage done by cities to their 

bioregions can be restored, and urban nature regenerated. Incorporating the 

strategies of BU into bioregional planning offers a way forward. 

 

4.2.2 Green Roofs and Green Walls 
A wide range of methods for integrating nature into the built environment have been 

developed with the potential of linking biophilic structures into bioregional 

regenerative outcomes. Green roofs and green façades have a strong presence in 

many cities around the globe (Bowler et al., 2010a; Dunnett & Kingsbury, 2008), 

due to the introduction of local sustainability policies (Söderlund, 2019). 

 

4.2.3 Linking Bioregionalism and Biophilic Urbanism 
In order for BU to assist with the bioregional agenda, it needs to show how urban 

biophilic features (e.g., green walls and roofs) can improve bioregional outcomes. 

Three links between bioregionalism and BU are proposed as part of this research: 

ecosystem services, biodiversity and sense of place (Figure 4.1). 

 

Figure 4.1  The three links between bioregionalism and BU. Credit: Author 
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Biophilic urban structures can provide ecosystem services, which can assist 

bioregional ecosystems and support watershed management, waste management 

and the provision of water, food and fibre. These structures are also known for 

enhancing energy production when combined with solar panels, and reducing 

energy consumption through the insulation green covers provide (Hui & Yan, 2016). 

Green roofs, green walls, rain gardens, bioswales and other green structures can 

retain and cleanse both rainwater and air of pollutants. Local food production in 

rooftop gardens and vertical gardens is a widespread practice which, besides food, 

provides many biophilic experiences to local residents and visitors. The two case 

studies in Singapore and Vitoria-Gasteiz, Spain, present design and policy solutions 

for linking BU and bioregional planning. 

 

4.2.4 Biodiversity 
The protection and enhancement of global biodiversity is an obvious priority for 

progressive and sustainable cities. Global studies show that some cities feature 

high levels of biodiversity in their urban landscapes (Elmqvist & Mcdonald, 2013). 

Biophilic structures can help with biodiversity enhancement (Beatley, 2016b; 

Lundholm, 2015). In Switzerland, research on green roofs focused on estimating 

levels of biodiversity. In France, many “wild-colonised” green roofs are composed of 

native species. The key to enabling biodiversity links between biophilic structures 

and a bioregion is the selection of plant species and construction of habitats. 

 

4.2.5 Sense of Place 
Cities develop their own place-oriented strategies to achieve higher levels of 

sustainability and resilience by designing their built environment to become more 

sensitive to local, regional and planetary environments (Beatley & Newman, 2013)  

Newman and Jennings (Newman & Jennings, 2008) developed strategies which 

enable cities to foster a sense of place. One of the strategies they propose is 

intended to connect the urban form to the bioregion by designing biophilic structures 

with ecosystems that reflect bioregional ecosystems. Local authorities may include 

biophilic tools and strategies into local policies to enable new urban biophilic 

projects. An example of a city which employed this strategy is Vitoria-Gasteiz in 

Spain. A number of policies enable linking biophilic projects and structures to 

regional ecosystems. In the case of Singapore, BU has been mainstreamed into the 

town planning system. Singapore’s BU demonstrates how a dense city not only can 
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regenerate natural systems, but create many more using the principles of BU 

(Newman, 2014). 

 

4.2.6 Conclusions 
Bioregional planning and BU share many similarities in environmental planning and 

design. Bioregionalism needs to bring its insights and science into city policies to 

inform design of biophilic structures, and BU needs to extend its science and 

insights through the natural corridors and out to the bioregions. The two case 

studies of Singapore and Vitoria-Gasteiz demonstrated how this can be achieved.  

 

 

4.3 Publication 3: “Biophilic streets: a design framework for 
creating multiple urban benefits” 

 
Status: Published in a peer reviewed journal (Appendix E) 

 

Cabanek, A., Zingoni de Baro, M.E. & Newman, P. (2020). Biophilic streets: a 

design framework for creating multiple urban benefits. Sustainable Earth, 3(7), 

https://doi.org/10.1186/s42055-020-00027-0 

 

This publication addresses the third sub-question: How can urban transport 

planning of streets incorporate BU? 

 

4.3.1 Background 
Urban streets provide space for transportation as well as public life (Gehl, 2010; 

Jacobs, 1961; Kostof, 1999; Matan & Newman, 2016; Mumford, 1961). The work of 

Jane Jacobs and Jan Gehl explored the functioning of urban streets and highlighted 

their important social and economic values beyond mobility and transportation. Due 

to the emergence of new typologies in urban design and their objectives, the 

ecological functions of streets gained attention from urban design and planning 

authorities. For example, rain gardens have been installed in many cities around the 

world as a solution to stormwater management and for the enhancement of urban 

biodiversity (Bain et al., 2012; Church, 2015). Such ecological functions are 

amongst the objectives of BU. The main focus of BU is increasing human 

interactions with nature, but this depends on having a healthy, biodiverse and 

functioning urban green infrastructure. Ecological features, as well as connectivity 



 
 

 69 

between different types of urban green infrastructure, are crucial for the healthy and 

efficient functioning of ecosystems (Beatley, 2011a, 2016b; Kellert et al., 2008). 

 

The work of Wilson, Kellert, Beatley and others has helped to advance studies on 

the biophilia effect, BU and the means of applying these in urban environments 

(Beatley, 2011a; Kellert et al., 2008; E. O. Wilson, 1984). Another author, 

Salingaros (Salingaros, 2010), suggested that there are specific geometrical 

properties in nature that have shown positive influence on human psychological and 

mental health. As noted above, he called this influence the biophilic effect. This 

paper analyses different design techniques and features of urban streets that could 

provide a biophilic effect. It uses the science behind the idea of the biophilic effect, 

the environmental, socio-economic and psychological benefits of biophilia and 

biophilic elements and attributes proposed by Kellert and Calabrese (Kellert & 

Calabrese, 2015), and applies them to urban streets to develop a theoretically and 

practice-informed design framework. It is hoped that this framework will assist urban 

planners, designers and other decision-makers in more effective planning and 

delivery of BU.  

 

4.3.2 The Streets 
Since the development of the first cities, streets have always been their most 

accessible and common public spaces, the centres of social life and many activities, 

and spaces for business, mobility and commuting. Modern regulatory frameworks 

for street design are engineering-focused; their concern is mostly on efficiency, 

safety and a rapid conveyance of traffic. This has contributed to the detachment 

between people and nature, its ecologies and ecosystems (Steiner et al., 2016). 

The modernist guidelines for urban street design were challenged by Jane Jacobs 

(Jacobs, 1961) who highlighted the omission of diverse social and economic 

networks from new urban street standards and functions. Jan Gehl (Gehl, 2011) 

developed a framework for urban street design that aimed to bring back and 

facilitate close social interactions and other benefits. His framework also aimed to 

reduce the use of private vehicles, and promoted walkability and public 

transportation to reduce the environmental impact of cities. By applying the 

framework, streets could become more liveable, friendly and safe places for 

everyday activities.  
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Streets are where people tend to spend the most time commuting and, occasionally, 

shopping. Therefore, the available space within a street’s median, when designed 

with biophilic principles in mind, could facilitate physical activities, improve wellbeing 

and foster urban natural systems. To be able to foster connections between humans 

and urban nature, urban planners would need to identify spaces for introducing 

biophilic experiences. Considering the fact that urban streets comprise 80% of 

urban open spaces, it becomes important to look for opportunities to transform 

these transportation corridors into places where urban nature could thrive.  

 

4.3.3 Developing the Framework 
Development of the framework for biophilic street design was based on people’s 

experiences of biophilic places and the street design functions and objectives (Table 

6). The characteristics of a biophilic street were compiled and divided into six 

categories to reflect the functions of streets: traffic planning, energy management, 

stormwater management, biodiversity management, street furniture, activities and 

education. The framework is then applied to four selected examples of street 

revitalisation. 

  

Table 4.1  Framework for biophilic streets design. Credit: Authors. 

FRAMEWORK FUNCTIONS  
AND OBJECTIVES BIOPHILIC DESIGN ELEMENTS 

DESIGN 
FUNCTIONS 

SELECTED 
DESIGN 

OBJECTIVES 

BUILDING  
FAÇADES 

ROAD 
RESERVES 

POCKET 
PARKS 

Traffic  
Planning 

Creating space 
for BDs by 
redesigning 
traffic lanes, 
traffic calming 
schemes, 
reducing lanes, 
prioritising 
pedestrians, 
transit and 
bicycle lanes 
and providing 
pocket parks. 

Integrating 
vertical 
greenery into 
and onto 
buildings, such 
as green walls, 
green 
balconies, 
planter boxes; 
green roofs. 

Integrating 
native gardens, 
edible gardens, 
nature 
playgrounds and 
other biophilic 
features on 
verges, median 
strips, round-
about, 
“ramblas,” green 
bridges and 
flyovers, buffers 
between roads 
and cycling 
and/or 
pedestrian 
paths.  

Integrating 
native gardens, 
edible gardens, 
nature 
playgrounds, 
water features, 
habitats for 
birds, insects 
and small 
animals, street 
furniture and 
amenities in 
median strips, 
ramblas, 
roundabouts, 
vacant lots, 
plazas, spaces 
between 
buildings. 
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Energy 
Management 

Cooling streets 
for walking, 
reducing urban 
heat island 
effect and 
saving energy 
through 
insulating 
buildings.  

Green walls, 
roofs, and 
balconies to 
provide 
thermal 
insulation; 
cooling 
(evapo-
transpiration); 
air purification; 
relaxation. 
Combination 
of green roofs 
and solar 
panels. 

Tree canopies 
that shade 
pedestrians as 
well as shading 
buildings. 

Pocket parks 
can be built 
around all three 
energy 
management 
ideas.  

Stormwater 
Management 

Water retention, 
purification, and 
reuse.  

Green walls, 
green roofs, 
green 
balconies that 
filter rain.  

Street trees, 
tree pits, linear 
gardens, 
bioswales, rain 
gardens, 
daylighted 
streams. 

Rainwater tanks, 
pervious 
pavements. 

Biodiversity 
Management 

Biodiversity 
enhancement, 
restoration, 
creation of 
various habitat 
sizes and types 
that enable 
regeneration of 
urban 
ecosystems. 

Green walls, 
green roofs, 
green 
balconies. 

Street trees, 
tree pits, linear 
gardens, 
bioswales, rain 
gardens, 
daylighting 
streams. 

Plant beds, 
potted shrubs 
and trees, green 
walls, water 
features.  

 
Street  

Furniture 

Incorporating 
biophilics into 
every small 
function in the 
street, including 
seats, signs, 
bus shelters and 
street art. 
  

Street art 
combined with 
filtration 
systems to 
conduct runoff 
from green 
roofs. 

Parklets 
Green roofs on 
top of bus and 
transit shelters. 
Street art 
combined with 
filtration 
systems. 
‘City trees’ 
installation to 
facilitate air 
purification. 
Vertical pallet 
edible gardens. 

Urban furniture 
to support 
natural systems. 
Green roofs on 
top of bus and 
transit shelters. 
Street art 
combined with 
filtration 
systems. 
‘City trees’ 
installation to 
facilitate air 
purification. 
Vertical pallet 
edible gardens. 

Activity  
and  

Education 

Enabling both 
activity that uses 
street functions 
and 
understanding 
of how nature 
fits into the city 
as well as the 
social and 
cultural value of 
the street. 

Tourist and 
visitor 
information in 
streets 
explaining 
biophilic 
façades.  

Integrated street 
furniture with 
green features 
explained. 
Educational 
features – 
information 
plates, 
educational 
stations; activity 
points (smart 
play equipment, 

Integrated street 
furniture with 
green features 
explained. 
Educational 
features – 
information 
plates, 
educational 
stations; activity 
points (smart 
play equipment, 
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art installations, 
water features). 

art installations, 
water features). 

 

 

4.3.4 Analysis of the Streets 
Four examples of street revitalisation were investigated using the framework provide 

above as an analytical lens. Each revitalisation project used different tools and 

approaches to formulate design solutions, which, directly and indirectly, achieved a 

biophilic effect. The analysis showed how modern urban streets can be designed 

and built in a way that provides people with opportunities to interact with nature that 

is biodiverse and thriving.  

 

The most spectacular biophilic street elements were built along Gasteiz-Hiribidea 

Street in Vitoria-Gasteiz, Spain, where the living stream was revitalised and green 

walls and roofs covered the adjacent Palacio de Europa building. These biophilic 

constructions aimed to enhance biodiversity along the street and at the same time 

educate pedestrians about the native flora and fauna of the local bioregion. The 

greenery also helped to reduce the heat island effect. The green walls and roofs 

thermally insulated the building, thereby reducing the energy required for cooling 

and heating.  

 

Another example of a street renewal project comes from Downtown Berkeley. This 

initiative aimed at providing the usual functions of the streets but also enhancing 

social activities and promoting ecological awareness. A number of sustainability 

goals were reached, and the outcomes featured many biophilic attributes and 

experiences. Consultations involving local community representatives revealed that 

the provision of space for social activities was a key objective. Landscaped buffers 

between pedestrians and traffic, temporary parklets, narrowing traffic lanes and 

using the space to plant trees, installing sculptures and equipment for interactive 

play are only some examples of biophilic interventions which fulfilled objectives 

voiced by the local community. The revitalisation of the Downtown delivered many 

other biophilic solutions and created attractive, walkable and restorative public 

spaces (City of Berkeley, 2012). 

 

One of the first streets undergoing a green transformation in Portland, Oregon, in 

the United States was SW Montgomery Street. The city council adopted strategies 

to activate the neighbourhood, build community culture, enhance the pedestrian 
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experience and showcase their sustainability agenda. The new street design 

concept focused on creating a new place-making model for other streetscapes in 

the city. Proposed biophilic structures, such as stormwater planters and swales, 

became educational amenities for local communities. Local students were 

encouraged to monitor the performance of the green infrastructure installed along 

the street.  The green walls and roofs were proposed for installation on adjacent 

buildings to improve ecological conditions and direct stormwater to raingardens and 

swales. The revitalised street maintains its original function as a transportation 

corridor, but also provides space for public interactions and ecological functions 

(Rottle & Yocom, 2011). 

 

The last project examined is in Melbourne. In 2015, the local council initiated the 

revitalisation of four lanes: Coromandel Place, Guildford Lane, Katherine Place and 

Meyers Place. The main objective of this pilot project was to showcase sustainable 

solutions in street design and enhance liveability in the city centre. Four street 

typologies were established and tested: forest, park, farm lane and a vertical garden 

lane. Biophilic elements such as window boxes, planter boxes, hanging baskets, 

miniature raingardens and green walls were designed to provide habitat for wildlife, 

filter pollution and stormwater, and slow local traffic. A number of social and 

economic benefits were projected by the council; specifically, walkability and 

engagement in social activities. These lanes have become further tourist attractions 

amongst the already-famous and celebrated Melbourne lanes. 

 

4.3.5 Conclusions 
The revitalisation programs of streets, lanes and alleys have emerged in many cities 

around the world. Although programs differ in approach and objectives, there is 

increasing application of biophilic elements and strategies that enable additional 

objectives around the provision of ecosystem services, aesthetic elements and 

opportunities for social life.  Streets are usually overlooked when biophilic spaces 

are sought, although they have the potential to deliver the most effective and 

accessible biophilic experiences. Thus, a biophilic street development has the 

potential to benefit the highest numbers of urban residents. Evidence on what types 

of street interventions are most effective is needed to guarantee that investment in 

nature-based solutions can cost-effectively address the public health challenges in 

urbanised areas. 
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4.4 Publication 4: “Regenerating stormwater infrastructure into 
biophilic urban assets. Case studies of a sump garden and a 
sump park in Western Australia“ 

 
 
Status: Published in a peer reviewed journal (Appendix F). 

 

Cabanek, A., Zingoni de Baro, M. E., Byrne, J., & Newman, P. (2021). 

Regenerating Stormwater Infrastructure into Biophilic Urban Assets. Case Studies 

of a Sump Garden and a Sump Park in Western Australia. Sustainability, 13(10), 

5461. http://dx.doi.org/10.3390/su13105461 

 

This publication addresses sub-question four: How can urban stormwater 

engineering incorporate BU? 

 

4.4.1 Background 
Urban life is becoming negatively affected by rising temperatures, air pollution and 

more frequent extreme weather events ((Masson-Delmotte et al., 2018; The Nature 

Conservancy, 2018). These issues affect humans as well as natural environments 

in urbanised areas and demand attention in order to enhance biodiversity and urban 

ecosystem services. BU, as a design and planning strategy, is known to enhance 

human health and wellbeing, and reveal the positive effects of human interaction 

with biota in urban environments (Beatley, 2011a, 2016a; Kellert et al., 2008; 

Newman, 2014). In this paper a biophilic approach to natural systems in urban 

areas is applied to the practice of urban stormwater management.  

 

4.4.2 The Sumps 
In Western Australia, a sump is a local name for a stormwater infiltration-basin 

where the runoff is retained and allowed to infiltrate into an unconfined superficial 

aquifer. They are typically designed as fenced-off basins with steep edges and no 

public access (Grose & Hedgcock, 2006). They differ from contemporary infiltration 

basins which may be better integrated into the surrounding landscape and perform 

bio-infiltration functions (Department of Water and Environmental Regulations, 

2007). Although sumps perform their designated function as part of urban 

stormwater infrastructure, they have not been considered or valued for their 

potential socio-ecological role. 



 
 

 75 

4.4.3 Materials and Methods 
Using the principles and theories of BU and regenerative design, the paper 

analyses and discusses two local case studies: the “WGV sump park” in White Gum 

Valley and the “Green Swing sump garden” in Lathlain, Western Australia.  The 

case study method of qualitative enquiry (Yin, 2009) was used to define the 

emerging framework for mainstreaming biophilic regeneration of stormwater 

infiltration basins. The framework aims to investigate how the actors, drivers, 

constraints, strategies, and values motivating the stakeholders, could inform the 

reinvention of the sumps (Figure 4.2). The data sources include document analysis, 

site visits, photographic documentation and semi-formal interviews. 

 

The results for each case study are first presented to show their ability to reach 

stormwater biodiversity and livability goals, and then analysed to show how they 

could be mainstreamed.  
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Figure 4.2  Analytical framework using qualitative inquiry. Credit: Authors. 

 

4.4.4 Analysis of the Case Studies  
 

4.4.4.1 White Gum Valley Sump Park 
The White Gum Valley (WGV) residential development in Fremantle, Western 

Australia, demonstrates an innovative approach to urban infill using the One Planter 

Living framework to achieve zero carbon outcomes (Bioregional, 2015; Wiktorowicz 

et al., 2018). Adjacent to the residential site was a fenced sump owned and 

managed by the local government. The developer and other stakeholders decided 

that the sump had potential to become a green amenity for the neighborhood and it 

was integrated into the development’s planning (Byrne et al., 2018; CRC for Water 

Sensitive Cities, 2017; Landcorp, 2018). The revitalisation of the sump aimed to 

connect this underutilised space into a publicly accessible landscape. The 

engineering and landscape design ensured that the site retained its original function 

as stormwater infrastructure, but increased its canopy and biodiversity, and 

provided recreational facilities (Byrne, 2018; Byrne et al., 2018). In terms of 

hydraulic performance, the sump successfully manages the stormwater. In terms of 

One Planet Living principles, the sump created new habitats and contributed to an 

increase in biodiversity. 

 

4.4.4.2 Green Swing Sump Garden 
The Green Swing is the name of a group of “citizen developers” who collaboratively 

developed a residential site in Lathlian, Victoria Park, Western Australia. The main 

objective of this development was to find a sustainable way of building homes, and 

in this case, it included two townhouses and two apartments (Byrne et al., 2018; 

Stockmann, 2018). The group also anticipated that the sump garden would help the 

local neighbours get to know each other while looking after the natural environment. 

The decision to develop the site at 96 Ruthland Avenue was influenced by the 

presence of an adjacent sump, which the group considered an opportunity for 

transformation into a productive and recreational space. The proposal to convert the 

sump into a community garden was approved by the local council. In collaboration 

with a local community garden association, the group developed a model for a 

biophilic regeneration of underutilised urban space. After the transformation, the 

sump garden upheld its original function as a stormwater basin (Byrne, 2017; Byrne 

et al., 2018; Stockmann, 2018).  
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4.4.5 Applying the Framework to the Case Studies 
The results of the analysis highlight commonalities and disparities between both 

cases. The objective of applying the framework was to determine whether the 

regeneration of modernist sumps into regenerative urban green assets can 

contribute to creating sustainable communities and inform policies about the 

potential for replication and mainstreaming. 

 

The projects were initiated and constructed within 5 years of each other (2010 and 

2015). Due to the differences in scale and scope, the cases involved a diversity of 

actors. The social and environmental benefits were crucial for the group behind the 

Green Swing project. The garden provided space for inspiration and collaboration, 

helping to build the community. One of the main objectives for the stakeholders of 

the WGV sump park project was to demonstrate an innovative way of redeveloping 

an underutilised urban infrastructure to deliver additional ecological, social and 

economic benefits. In both projects, addressing the environmental issues was 

considered crucial. 

 

The various strategies used to deliver the projects were a response to the objectives 

and scale of each development. In the case of the Green Swing sump garden, the 

strategy for the biophilic regeneration of the sump was to increase urban green 

spaces and gain additional productive and recreational space. Given the more 

complex and larger scale of the WGV sump, the project required a stronger strategy 

with professional input. A public-private partnership was developed to create an 

innovation through demonstration model.  

 

Similar issues emerged for both cases in terms of constraints. The concerns at local 

government level had to be addressed in order to obtain relevant approvals. Health 

and safety, hydrology and drainage requirements were the main issues arising. The 

challenges identified as the most difficult to overcome were related to legal status, 

path dependency and leadership.  

 

The values supporting the decisions made show that the similarities were related to 

social, ecological and economic aspects of the developments. In both cases, the 

personal values comprised community building, sustainable urban living, innovation 

and place-making. The principles of sustainable development highlighted in the One 

Planet Living program shared the values of the stakeholders involved in the 

revitalisation efforts of the WGV sump. For the developers of the Green Swing sump 
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garden, the main values were community building and sustainable urban farming. 

Environmental values were strongly indicated, especially biodiversity, ecological 

regeneration, conservation and stormwater management. There was also an 

expectation that, in both cases, the revitalisation efforts would uplift the property 

value. Both projects provided educational and social values to the wider community.  

 

The analysis suggests that small- to medium-scale local biophilic regeneration 

projects can be initiated and led by community members and require only minor 

input from professional consultants. The framework provides strong reasons for 

mainstreaming biophilic revitalisation of stormwater infrastructure at both small- and 

large-scale.  

 

4.4.6 Conclusions 
Regenerating stormwater infiltration basins has drivers, dynamics, and values that 

can enable sustainable outcomes. The comparative analysis of two case studies 

revealed that barriers to the wider implementation of a biophilic approach to the 

revitalisation and repurposing of sumps are mainly socio-institutional, but that these 

can be overcome at small- and large-scale. The key difference between the small- 

and large-scale projects was in their governance approach to deliver and maintain 

the areas. In both cases, leadership was needed to drive the necessary changes.  

 

The results also suggest that it is necessary to develop inspirational, show-case 

examples and initiate the kind of mainstreaming necessary for biophilic urban 

regeneration. Quality urban green assets should not be viewed as “optional extras” 

but as critical elements of successful, value-driven economic developments.   

 
 

4.5 Publication 5: “Indigenous landscaping and Biophilic 
Urbanism: case studies in Noongar Six Seasons” 

 

Status: Submitted to Sustainable Earth (Appendix G). 

 

This publication addresses sub-question five: How can social and indigenous 

contexts be used to deliver BU? 
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4.6.1 Introduction 
Recently, The Global Biodiversity Outlook 5 revealed that all countries worldwide 

failed to meet even a single biodiversity target set for 2020 (The Convention on 

Biological Diversity, 2020). Australia is one of the most biodiverse places on earth 

(Chapman, 2009), but it has had limited success in preventing its loss. Conservation 

and rehabilitation help to prevent further decline in species, however, there have 

been calls for new approaches to facilitate green infrastructure projects with 

emphasis on biodiversity enhancement strategies (Connop & Nash, 2018; Hes & Du 

Plessis, 2015). 

 

One of the new accepted approaches is BU. This approach is based on the 

knowledge that humans have innate connection with the natural world and that this 

connection needs to be maintain on a daily basis to ensure individual health and 

well-being (Kellert, 2016a, 2016b). Using an array of nature-based solutions, BU 

also fosters urban resilience towards better economies, communities and natural 

systems (Daniels et al., 2020), and it can help with achieving Sustainable 

Development Goals (SDGs). 

 

Indigenous people have a long history of deploying nature-based solutions to the 

ways they manage natural environments, however not every country has 

recognised indigenous environmental knowledge as necessary in building a 

sustainable economy and sustainable living environments including biodiversity 

management (WEF, 2020). 

 

This paper examines an emerging overlap between indigenous landscaping and BU 

in Australia and with application to many cities across the planet. The authors 

propose a new approach to biodiversity management based on growing indigenous 

landscaping initiatives in Western Australia. 

 

This research study adopted a case study approach to qualitative inquiry. Several 

methods of data collection were used for primary and secondary data. The case 

studies in Western Australia attempt to present how Noongar people and their deep 

local landscape knowledge can help to make cities more resilient, inclusive, 

liveable, and how this can lead to more biodiversity gains. 
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4.6.2 BU and Indigenous Landscaping 
The core hypothesis underpinning BU is the biophilia hypothesis formulated by 

Wilson and Kellert in 1993. This hypothesis states that humans possess an innate 

tendency to seek connections with nature and other forms of life and these 

connections should be maintained on a daily basis (Kellert, 2018; E. O. Wilson & 

Kellert, 1993). Biophilic structures and elements present in urban realms trigger 

biophilic responses resulting in positive human health outcomes (Alexandra & 

Norman, 2020; McDonald et al., 2018). Kellert and Calabrese (Kellert & Calabrese, 

2015) identified five principles for the effective practice of BD that are compatible 

with the natural world. However, there seems to be a missing link between the BD 

agenda and the practices of indigenous landscaping and urban design. 

 

The most successful public spaces are those where the identities of different 

cultural groups are emphasized and celebrated so people can use those spaces 

without concerns for being stigmatised (Low et al., 2005). Therefore, it is necessary 

for BU to address the needs of multicultural societies and provide public urban 

spaces that could help building social, economic and ecological capital. BD 

solutions should be developed with consideration for the local cultures, traditions 

and ecological context.  

 

4.6.3 Noongar Indigenous Landscaping 
Indigenous Australians have been the custodians of the lands, waters, fauna and 

flora for at least 60000 years (Gammage, 2012; Pascoe, 2018) and maintain their 

connection with the natural world. Indigenous knowledge is based on spirituality that 

is based on the relationship with the natural environments (Gammage, 2012). 

Therefore, it would be particularly important to BU practitioners to seek collaboration 

with the traditional custodians in order to deliver culturally-appropriate development 

strategies and achieve adequate biophilic outcomes.  

 

The past cultural activity of the Noongar Nation has begun to be recognised legally 

through the first treaty that attempts to resolve native title claims in Western 

Australia (Hobbs & Williams, 2018). As part of the emerging integration of Noongar 

culture into Western Australian life, there is a growing need for wider education, 

recognition and implementation of Aboriginal knowledge systems (Nannup, 2006; 

Tucker et al., 2018), ecology and environmental management in urban 

environments (Robertson et al., 2017).  
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Schools, public playgrounds, cultural centres and private enterprises are beginning 

to incorporate local Aboriginal knowledge of Six Seasons in their designs (Kirk, 

2017; Turner et al., 2017). Collaborative design processes are applied and include 

the representatives of different institutions, local Aboriginal communities, artists and 

landscape designers. This recent revival of Indigenous landscaping supports the 

efforts of re-wilding the urban environments and enhance the urban biodiversity and 

supports the BU agenda of building deeper and more meaningful connections 

between multicultural societies and the natural world. 

 

Western landscape design practices focus on crafting places for enjoyment and 

prosperous existence, while the traditional Aboriginal perspective emphasises 

healing, nurturing and looking after the place in anticipation for the return of the 

ancestors (D. S. Jones et al., 2018).  

 

4.6.4 Stages in the growth of awareness in Six Season Noongar  
The three stages in the growth of awareness in Six Seasons Noongar landscaping 

and environmental management have been proposed. These are early setting 

aside, regenerating cleared public land, and landscaping the whole city. 

 

4.6.4.1 Early setting aside 
The British colony of Western Australia was established in 1826. Soon after, the first 

settlers began to establish farms, however, they soon realised that the European 

perceptions were not appropriate about the nature of the landscapes (Seddon, 

1972). Despite the difficulties with the introduction of western agriculture, some 

settlers began to recognise the unique biodiversity and the different six seasons. 

The knowledge of local fauna and flora came from indigenous sources (Barry, 2016; 

Hasluck, 1955; Lines, 1994). 

 

During the early planning of metropolitan Perth, some space was set aside to 

conserve native bush. Kings Park become an urban park, but the majority of the 

land included was left in its native state (Seddon & Ravine, 1986) and it became a 

centre of expertise on native flora. 
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4.6.4.2 Regenerating cleared public land 
By the second half of the 20th century, urban planning began recognizing the 

importance of natural and native spaces in urban environments. Many local nature 

enthusiasts and botanists helped to systematize local species, helped to establish 

native and botanical gardens, and supported conservation efforts (Dempster, 2002; 

Hopper & Gioia, 2004; Seddon, 1972, 2005). Some urban spaces, such as Wireless 

Hill, were allowed to regenerate themselves and became thriving native landscapes.  

The regeneration of the Swan River foreshore started in 1955 following the 

introduction of a new planning scheme and was followed by a growing culture of 

recognition for native plants providing better biodiversity outcomes. These places 

still strongly benefit from the indigenous landscape management methods. 

 

In the late 20th century, many domestic and public gardens emerged across 

Western Australia and helped to establish the native landscaping principles. 

However, this was in conflict with the modern global trends and fashions. The 

multicultural population developed their gardens following contemporary trends. 

Despite the modern fashions, there was a growing sense that the indigenous plants 

contributed to the sense of place, however, the indigenous interpreters were not 

usually engaged to share their expertise and help to shape urban green 

infrastructure.  

 

4.6.4.3 Landscaping the whole city 
In the 21st century, the role of the indigenous culture in interpreting the landscape 

increased significantly. The effort and interest of local governments and 

communities in planting native gardens became a feature of urbanism in Perth. 

Interpretation of the Noongar Six Seasons in landscaping helped to better 

understand the place  (Collard et al., 2004). Some institutions, including schools, 

established their own Six Seasons Gardens to use the space for educational and 

cultural purposes (City of South Perth, 2019; Kirk, 2017; Watkins, 2017; Wheatbelt 

NRM, 2016). Educational programs and guided tours on the Noongar Six Seasons 

have been offered to the wider community and tourists (Botanic Gardens and Parks 

Authority, n.d.; Nannup, 2006). There has also been an increased interest in 

growing urban forests using native tree species and regenerating urban wetlands 

(Byrne, 2006). 
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The biodiversity in Metropolitan Perth is abundant (Hoffman et al., 2019) and this 

movement to increase the use of native plants has been growing, however, it has 

not been fully integrated into indigenous culture.  

 

4.6.5 Six Seasons case studies 
The paper examines selected indigenous landscape case studies from Western 

Australia to illustrate the concepts presented. Two case studies are Aboriginal Six 

Seasons Gardens: Ballardong Noongar Six Seasons Garden, Muminbulah Wilak 

Six Season Garden in Jandakot. The third case study is The Bushland Garden in 

York. 

4.6.5.1 Ballardong Noongar Six Seasons Garden 
The garden was established in 2009 on the grounds of the Residency Museum in 

York, Western Australia. It was a collective effort of the Wheatbelt NRM, the 

Ballardong Noongar community, a local high school, individual and corporate 

sponsors and volunteers. The project is a symbolic garden walk and it represents 

the past, the presence and the future of Ballardong Noongar Budjar and their 

meanings to the Ballardong Noongar people (Shire of York, n.d.). The native flora 

and fauna bear traditional meaning an importance in the garden. The plants would 

serve as the season-changing indicators, food, medicine or water sources. The 

animals were traditionally valuable food sources in particular seasons and important 

spiritual and cultural totems (Collard et al., 2004). The garden plays a symbolic role 

in order to educate the visitors on spiritual, ecological and cultural level.  

 

4.6.5.2 Muminbulah Wilak Six Seasons Garden 
The garden was built by the ATCO Company in Jandakot between 2018 and 2019. 

It is considered a cultural and educational tool telling the story of Noongar Culture 

and the role of six seasons (WA Parks Foundation, 2021). The design was inspired 

by a painting  from a local Indigenous artist – Deborah Bonar (ATCO, 2018). The 

garden was designed by an Indigenous consultant in collaboration with the local 

Elders, and built by Indigenous landscaping companies (J. Scriven, personal 

communication, June 20, 2018). The garden is divided into six sections symbolising 

each season. The plant palette correlated with the plants available for food, 

medicine, shelter and other resources during each season. The meanings of the 

sculptures, the footpath and the water feature are derived from the Indigenous 

stories. 



 
 

 84 

4.6.5.3 The Bushland Garden  
The garden was initiated by two York residents and built by local volunteers 

between 1993 and 2002. In 2005, The York Branch of the Wildflower Society 

assumed responsibility for its maintenance and development. One of the main 

objectives for the establishment of the garden was to promote and encourage the 

growing local native plant species from York Shire. The garden is a demonstration 

of six seasons’ flowering plants and presents, in fact, many features of a Six 

Seasons garden. However, it is not making the most of this cultural connection 

(Watkins, 2017). Many groups and local authorities have contributed to the 

maintenance of the garden and continue promoting it as an important educational 

green urban space in York (E. Ayling, personal communication, April 22, 2021). 

 

4.6.6 Why enable Indigenous landscaping? 
Some of the qualities of the indigenous and native gardens have been derived from 

the case studies. These have been divided into three categories: Purpose, Design, 

Flora fauna and abiotic elements. The qualities suggest that there are some 

common purposes for the establishment of both indigenous and native gardens. 

These are providing spaces for education, memorials and gatherings. Indigenous 

gardens provide space for cultural expression, profound connection with land, flora 

and fauna. In the case of the native garden, the main focus was on natural 

environment conservation efforts and use of native plants in private gardens.  

There are many good reasons for including Indigenous and native approaches in 

urban landscaping. However, there would be several reasons for BU to try and 

incorporate an inclusive approach to indigenous landscaping: cultural, educational 

and professional values amongst others. 

 

4.6.7 How does Indigenous landscaping help BU? 
BU delivers multiple benefits provided by urban nature: economic benefits of green 

infrastructure, human health and welfare benefits, and deeper motivation for nature 

conservation and biodiversity regeneration (Beatley & Newman, 2013; Marinelli, 2021; 

Sanderson et al., 2018). Based on the insights from the case studies, we discuss why 

the more inclusive approach to indigenous cultures can assist BU with the delivery 

of crucial benefits. The key reasons are: 

- The importance of place 
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- The importance of inclusive culture 

- The importance of biodiversity 

 

4.6.8 Conclusions 
The paper suggests that BU and Six Seasons landscaping can inform each other 

and could help mainstreaming indigenous and native landscaping strategies. 

Indigenous knowledge and approach could be more systematically incorporated into 

the design of green urban infrastructure and delivered at the urban scale, may 

provide appropriate space where traditional knowledge and values could be 

learned, cultivated and celebrated. 

There are many opportunities for the application for the Noongar Six Seasons 

interpretive landscaping in Perth as part of mainstreaming BU. The future of BU in 

Perth and other cities depends on whether the design professionals have 

collaborated with historians and local communities to create a deeper sense of 

place for all residents using the same land as those from deep history.  
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55. Results and Discussion 
 
The results and discussion follow the three implementation strategies. They are 

divided into three sections and three subsections representing overarching solutions 

for more feasible and effective delivery of BU. These relate to the overarching 

implementation strategies presented in Figure 1.2 in Chapter 1. 

 

Section 5.1 Funding: Land Value Capture  

Section 5.2 Planning and Design:  

Subsection 5.2.1 Bioregional Planning  

Subsection 5.2.2 Street Planning and Design 

Subsection 5.2.3 Stormwater Infrastructure Design 

Section 5.3 Context: Social and Indigenous 

 

Based on the replicable case studies, the solutions presented include the tools, 

strategies, design elements, attributes, approaches, values, incentives and drivers 

needed to facilitate the delivery of biophilic urban regeneration projects. 

 

5.1 Funding: Land Value Capture 
This section discusses the results from Publication 1. The main focus of the study in 

this publication was to establish how strongly biophilic elements impact land and 

property values. The authors examined whether land value capture could be used to 

fund the mainstreaming of BU projects. They suggest a possible funding 

mechanism to enable BU to be mainstreamed as a part of urban regeneration. 

 

This study shows how the regeneration of blue and green infrastructure can become 

an incentive for economic development. The analysis of the selected case studies 

has shown that increases in land values could be generated through a strategic 

design of the public amenities using the principles of BU. It has been estimated that 

the proximity of traditional urban green and blue infrastructure to real estate can 

increase property values up to 50% of the original value. Certain biophilic structures, 

such as rooftop gardens, generate an uplift in property value between 2 and 11% 

depending on accessibility and the type of use. The results for green walls show an 

increase in property value between 3.9 and 15%. The authors concluded that the 

value increase for properties with biophilic structures needs further research to more 

accurately estimate the economic gains for investors. 
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The literature review and available data on executed biophilic projects indicate that 

alternative ways of financing new public investments in urban developments are 

needed. The analysis of the High Line regeneration project in New York revealed 

how incremental tax revenues created by higher real estate values around the park 

would outweigh the costs. Based on that, the authors proposed implementing a 

mechanism of land value capture as one way of funding biophilic projects by private 

investors. The land value capture mechanism could be used to calculate 

approximate land value increases and allocate the profits towards funding a 

biophilic urban infrastructure. Extra taxation revenues from biophilic regeneration 

projects can be forecast and included in future budgets as a means of paying for 

biophilic urban infrastructure costs upfront. An increase in land value may also 

attract private investors to open businesses within the development. 

 

The analysis of the case studies revealed some strategies for the successful 

delivery of biophilic urban projects. For example, a public-private partnership can 

facilitate the execution of a biophilic regeneration project. Additionally, marketing, 

high-profile supporters, and political and federal support enable biophilic 

regeneration projects. Furthermore, well-executed and marketed projects lead to 

further replications and show-case examples, which can drive mainstreaming of BU. 

These findings demonstrate how biophilics could be better implemented by 

governments and private investors as a core factor in urban regeneration projects. 

BD projects could be mainstreamed into urban policies on the grounds that they add 

value to land and properties. 

 

5.2 Planning and Design 
 

5.2.1 Bioregional Planning 
This section discusses the results from Publication 2. The main focus of this study 

was on how the natural features that are being introduced in an urban environment 

can improve bioregional outcomes. The authors also tried to identify how 

bioregionalism and BU are related so that cities could integrate BD strategies into 

their bioregional strategies. They suggest several ways that BU can help with the 

bioregionalism agenda. The three elements examined to illustrate the links are 

ecosystem services, biodiversity and sense of place. The results are summarised in 

Figure 5.1 below: 
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Figure 5.1  Links between bioregional planning and BU. Source: Author. 

 

Ecosystem Services 
The analysis of the selected case studies reveals possible design strategies and 

biophilic elements that can support a bioregional agenda. Biophilic structures, such 

as green roofs, green walls and rain gardens can assist bioregional watershed 

management. They can slow and retain stormwater runoff and filtrate pollution. 

Moreover, vegetated rooftops can assist with green energy production. Photovoltaic 

panels have been shown to be more efficient when installed on vegetated rooftops. 

Provisional ecosystem services, such as food, can be produced on green rooftops, 

green walls and in verge gardens. 
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Biodiversity 
The study shows that new bioregionally-oriented urban ecosystems can be created 

using biophilic urban strategies. It has been suggested that the ecosystems created 

in urban areas may be more biodiverse than natural ecosystems in the countryside 

as urban density helps to link green spaces, and as the case of Singapore 

demonstrated. High-rise buildings provide space for novel vertical ecosystems 

which can help with regenerating bioregional ecosystems. 

 

Sense of Place 
A bioregional approach to urban design helps to create a sense of place. One of the 

strategies to achieve that is to connect the urban form to the wider bioregion. It is 

possible to design biophilic structures that form corridors connecting the city to its 

bioregion. Those structures should display the characteristics of the bioregional 

ecosystems and be inter-connected so they form biophilic urban systems.  

 

Biophilic urban infrastructure, such as green walls, green rooftops and other 

elevated greenery, can create channels between urban habitats and the habitats of 

a particular bioregion. The case study of Vitoria-Gasteiz shows how day-lighting an 

urban stream, planting a naturalised embankment with native riparian species and 

covering the envelope of an adjacent building with native plants connects the inner-

city ecosystem with the bioregional ecosystem. 

   

5.2.2 Street Planning and Design 
This section discusses the results from Publication 3. The authors developed a 

theoretically and practice-informed biophilic street design framework. The 

framework was applied to four examples of a street revitalisation project to illustrate 

its utility. The results have been summarised in Table 5.1 below: 
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Table 5.1  Application of the framework for biophilic streets design in four analysed 
street projects. Credit: Agata Cabanek, Maria Elena Zingoni de Baro and Peter 
Newman. 

FUNCTIONS 
OF 

A BIOPHILIC 
STREET 

 
BIOPHILIC DESIGN ELEMENTS APPLIED TO ANALYSED 

STREET PROJECTS 
 

Gasteiz 
Hiribidea, 
Vitoria-
Gasteiz, 

Spain 

Downtown 
Berkeley, 
California, 

USA 

SW 
Montgomery 

Street, 
Portland, 

USA 

Green Lanes, 
Melbourne, 

Victoria, 
Australia 

Traffic 
Planning 

- prioritising 
pedestrians 
and 
cyclists; 
- enhancing 
facilities for 
transit; 
- slowing 
traffic. 

- prioritising 
pedestrians 
and 
cyclists; 
- enhancing 
walkability 
standards; 
- reducing 
existing traffic 
lanes; 
- lowered 
traffic speed. 

- prioritising 
pedestrians 
and cyclist 
(kerb-less 
paving); 
- narrowing 
existing 
traffic lanes; 
- lowered 
traffic speed; 
- sections of 
the street 
closed to 
traffic. 

- limited traffic 
(local only) 
- shared space 
between 
pedestrians 
and vehicles. 

Energy 
Management 

- energy 
reduction due 
to 
ecological 
runoff 
treatment; 
- insulation 
capabilities of 
green 
walls and 
roofs 
systems; 
- heat island 
effect 
mitigation by 
tree canopies, 
landscaping 
and 
waterbodies. 

- energy 
reduction due 
to 
ecological 
runoff 
treatment; 
- insulation 
capabilities of 
green 
walls and roofs 
systems; 
- heat island 
effect 
mitigation by 
tree canopies, 
landscaping 
and 
waterbodies. 

- energy 
reduction due 
to ecological 
runoff 
treatment; 
- insulation 
capabilities 
of green walls 
and 
roofs 
systems; 
- air 
temperature 
regulation 
through 
landscaping. 

- energy 
reduction 
through 
“green 
insulation”; 
- heat island 
effect 
mitigation 
through 
landscaping 
and 
miniature 
raingardens. 

Stormwater 
Management 

- retention in 
underground 
cisterns; 
- Infiltration 
via permeable 
surfaces 

- retention in 
underground 
cisterns; 
- Infiltration via 
permeable 
surfaces; 

- Infiltration 
via 
permeable 
surfaces; 

- Infiltration 
via permeable 
surfaces; 
- retention 
and bio-
filtration 



 
 

 91 

- purification 
using bio-
filters 
(plants); 
- recycling via 
green wall 
and roof 
systems; 
- bio-filtration 
through 

- retention and 
bio-filtration 
through 
swales, 
raingardens; 
- purification 
using bio-filters 
(plants); 
- recycling via 
green wall and 
roof 
systems; 
- bio-filtration 
through 
daylighted 
stream. 

- retention 
and 
biofiltration 
through 
stormwater 
planters 
and 
raingardens; 
- purification 
using 
biofilters 
(plants); 
- recycling via 
green 
wall and roof 
systems. 

through 
raingardens; 
- recycling via 
green wall  
systems. 

Biodiversity 
Management 

- green walls, 
roof and living 
stream 
designed for 
biodiversity 
enhancement 
and 
ecological 
restoration; 
- daylighted 
and restored 
stream 
with riparian 
plants provide 
habitats for 
wildlife and 
facilitate 
species 
migration. 

- green walls 
designed for 
biodiversity 
enhancement 
and 
ecological 
restoration; 
- daylighted 
and restored 
stream 
with riparian 
plants provide 
habitats for 
wildlife and 
facilitate 
species 
migration. 

- green walls 
designed 
for 
biodiversity 
enhancement 
and 
ecological 
restoration; 
- use of native 
species 
- green 
corridors 
connect 
fragmented 
green areas; 
- raingardens 
provide 
habitat for 
wildlife. 

green walls, 
planters, 
miniature 
raingardens 
designed for 
biodiversity 
enhancement 
and 
ecological 
restoration; 
- habitats for 
wildlife and 
facilitate 
species 
migration. 

Street 
Furniture 

- integrated 
street 
furniture; tree 
pits and 
sittings 
expressing 
ecological 
sensitivity; 

- parklets in 
parking 
spaces; 
- natural buffer 
between 
sidewalks 
and traffic; 
- public art 
supporting 
environmental 
awareness; 
- permeable 
paving 
facilitating 
rainwater 
infiltration. 

- green wall 
and roof 
systems; 
- permeable 
paving 
facilitating 
rainwater 
infiltration. 

- planter-
boxes with 
irrigation 
systems; 
- green wall 
system 
hanging 
baskets and 
miniature 
raingardens; 
- permeable 
paving 
facilitating 
rainwater 
infiltration. 

Activity and 
Education 

- activity 
features for 
kids: 

- interactive 
play 
equipment; 

- interpretive 
plates and 
signs; 

- green 
infrastructure 
serves 
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sculptures, 
water 
features; 
- informative 
design of 
green walls 
and roofs; 
- interpretive 
plates and 
signs; 
- exposed 
ecological 
systems. 

- interpretive 
plates and 
signs; 
- exposed 
ecological 
systems; 
- parklets and 
temporary 
installations. 

- exposed 
ecological 
systems; 
- green 
infrastructure 
serves 
educational 
and 
research 
purposes; 
- activation of 
shopfronts 
supporting 
community 
living. 

educational 
and research 
purposes. 

 

Application of the framework to the selected examples of street revitalisation 

projects show that basic urban street functions can be delivered or enhanced using 

the strategies of BD. The results demonstrate how urban streets can be designed 

so they provide space for the development of nature-based water management 

systems serving ecological as well as educational purposes. Structures like green 

walls and roofs can support urban biodiversity and significantly reduce surface 

temperature on building envelopes, and so save on heating and cooling energy 

costs. 

 

By reducing existing traffic lanes and limiting the traffic, biophilic streets can bring 

more residents outdoors. Prioritising pedestrians and cyclists would facilitate 

biophilic experiences. It has been shown that purposively designed street furniture 

can support urban natural systems. Elements such as planter boxes or mobile 

green walls can be distributed in a way that facilitates connectors between urban 

nature and bioregional nature. 

 

The two factors limiting the implementation of biophilic street design are the initial 

costs of implementation and spatial constraints. These can be overcome by 

introducing cost-effective, temporary and mobile biophilic installations instead of 

costly permanent structures. The results from the case study analyses are 

synthesised in Figure 5.2 below, which shows the potential multiple urban benefits 

that could be realised if street designers, planners and landscape architects 

incorporated the strategies of BU into the design process. 
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Figure 5.2  The multiple urban benefits of a biophilic streets. Credit: Author. 

 

5.2.3 Stormwater Infrastructure Design 
This section discusses the results from Publication 4. The authors explored new 

ways of integrating regenerative and BD into urban design and planning in a local 

context; in this case, Perth, Western Australia. An analytical framework was 

developed and applied to the case studies to identify the actors, drivers, strategies, 

constraints, and values underpinning the successful delivery of the biophilic 

projects. The results are shown in Table 5.2 below: 

 
 
Table 5.2  Comparative analysis of the WGV Sump Park and the Green Swing Sump 
Garden. Credit: Agata Cabanek, Maria Elena Zingoni de Baro, Peter Newman and 
Joshua Byrne. 

Biophilic & 
Humanized 

Street

Innovative

Inclusive

Child and age-friendly

Safe

Engaging

of human scale

Reducing city footprint

Fostering nature

Healthy

Enhancing local economy
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The Green Swing  

Sump Garden 

 

The WGV Sump Park 

Actors 

Group of owner-builders and 
individuals with common 
interests and values 

Professional consultant  

 

Community 

Professional consultants 
(engineering and environmental 
and landscape design) 

Local Government: City of 
Fremantle 

State Government Agencies: 
DevelopmentWA 

Drivers 

Social (Building a sustainable 
community; Creating space for 
community collaboration and 
enjoyment; Providing 
inspiration for the wider 
community; Beautification of 
the area surrounding the 
development) 

Economic (Self-funded; Uplift 
property value) 

Environmental (Increase urban 
green space; Contribute to 
local biodiversity) 

Social (Innovation through 
Demonstration model; Enhance 
attractiveness of the area 
surrounding the development) 

Economic (alignment of key 
stakeholders’ interests; Budget 
availability; Uplift property value) 

Environmental (Increase of urban 
green space; Biodiversity 
enhancement; Addressing 
canopy loss) 

 

Strategies 

Private initiative 

Developing an innovative 
approach to increase urban 
green space through the 
creative use of the 
underutilised space of the 
adjacent sump 

Public-private partnership 

 Innovation by Demonstration 
model 

One Planet Living framework  

Water-sensitive urban design 

Constraints 

Model development  

Concerns at community level 

Concerns at local government 
level, mainly health and safety 
issues 

Obtaining permissions and 
approvals 

Concerns at government level - 
flood modelling issues, health 
and safety issues 

Obtaining permissions and 
approvals 
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Lack of clear policy guidelines 

Values 

Anthropocentric (Sustainable 
urban living; Community 
building; Place-making; 
Sustainable urban food 
production) 

Ecocentric (Local biodiversity 
enhancement) 

Anthropocentric (Sustainable 
urban living; Community building; 
Place-making; Monetary value 
enhancement) 

Ecocentric (Environmental 
regeneration and conservation; 
Water management) 

 

Analysis of the selected case studies revealed that the strategies used to deliver the 

biophilic regeneration projects were responds to the objectives and the scale of 

each project. The strategies involved volunteers for the small-scale project (The 

Green Swing sump garden) and professional advice for the larger-scale project (The 

WGV sump park). The drivers highlighted by the stakeholders of the sump garden 

focused mainly on the social and environmental benefits, while the stakeholders of 

the sump park aimed to demonstrate how to effectively utilised space in a medium-

density development by embracing the innovation through demonstration model. In 

regard to the constraints affecting the delivery of biophilic regeneration initiatives, 

the similarities between the projects were clear. The concerns at the local 

community and at the government level were the lengthy process of obtaining 

relevant approvals and health and safety regulations. The values expressed by the 

stakeholders in the two cases showed some similarities too, such as community 

building, innovations in sustainable urban living, placemaking and food production. 

Environmental and ecological values such as environmental regeneration, 

biodiversity enhancement, and sustainable water management were cited in both 

cases. The stakeholders aimed at demonstrating innovative approaches to increase 

urban greenery. 

This research project revealed that the main challenges for the delivery of 

stormwater biophilic regeneration projects are legal status, path dependency and 

leadership. The analysis shows that new government approaches are crucial to 

allow innovative biophilic initiatives in the urban realm. Additionally, dissemination 

and availability of information on successful biophilic urban projects to a wider 

audience, would encourage replication and facilitate mainstreaming.  
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5.3 Context – Social and Indigenous 
This section discusses the results from Publication 5. The main focus of this study 

was on how Indigenous landscaping knowledge, values and management methods 

can assist with BU. The analysis of the case studies allowed to extract qualities in 

focus for Indigenous and Local Native gardens and these are Purpose, Design, 

Flora and Fauna, and Abiotic Elements. The results show certain similarities and 

differences between indigenous and native landscaping. Despite the differences, 

the authors suggest that both approaches bring many benefits to the urban built and 

natural environments. However, there are several reasons why BU should try and 

include more of this approach towards Indigenous landscaping. 

 

In the table below (Table 5.3), the authors suggest the main reasons for Indigenous 

landscaping to assist with mainstreaming and delivery of inclusive BU. 

 
Table 5.3 Indigenous landscaping supporting BU: areas of focus. Credit: Agata 
Cabanek and Peter Newman 

Why enable Indigenous 
landscaping?  

How enable Indigenous 
landscaping? 

 
Cultural value 

 Cultural immersion into landscapes 

is the foundation of a sense of 

place; 

 Native plant projects should be able 

to provide more meaningful 

interpretation of the plants as in their 

use over deep history; 

 

 
The importance of place 

 The sense of place is the basis of 

thriving cities, building social and 

economic capital; 

 The sense of place in a city is 

bound up in a combination of a 

physical/natural environment and 

the social/cultural environment; 

 The most successful places achieve 

a balance between those 

environments and provide space for 

multicultural societies to thrive; 

 

 
Educational value 

 Indigenous knowledge enables 

biodiversity to thrive; 

 
The importance of inclusive culture 
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 Integration of Indigenous cultural 

uses of plants in every stage of a 

planned project; 

 Planting natives provide educational 

outcomes and promotes traditional 

uses of plants; 

 Indigenous landscaping can assist 

with fire and water management; 

 

 Emphasizing cultural meanings of 

designed landscapes are necessary 

for a successful sense of place;  

 Native plants used in designed 

landscapes provide cultural and 

spiritual meanings and help 

migrants to develop a new sense of 

place; 

 Indigenous meanings are the 

deepest meanings for a place; 

 
Professional value 

 Indigenous landscaping can help 

with creating a more biodiversity-

centred cities; 

 Indigenous landscaping knowledge 

could be transferred into landscape 

design and practice as a new kind of 

BU related to a particular city and its 

cultures; 

 

 
The importance of biodiversity 

 Indigenous landscaping can 

conserve and regenerate 

biodiversity; 

 Bringing Indigenous landscaping 

to cities in community-based 

biophilic projects would help 

biodiversity management 

 

 

The findings suggest that BU and Six Seasons landscaping can inform each other 

and help mainstreaming Indigenous and native landscaping strategies. This 

Indigenous dimension to management of the natural environment could lead to the 

enabling of local policies advocating green urban infrastructure and biodiversity 

management. 
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66. Conclusions and Recommendations 
  
This thesis has applied the concept of BU and design to evaluate potential 

strategies and tools for its efficient and financially viable delivery. By developing 

strategies and tools to facilitate the implementation of BU, this thesis argues that it 

is possible to deliver healthier and more liveable urban environments as well as 

habitats supporting urban biodiversity. This approach, therefore, is better able to 

integrate human and ecological dimensions than previous approaches which have 

not prioritised human health and well-being. 

This research has combined the concepts of biophilia (E. O. Wilson, 1984), BU 

(Beatley, 2011a), BD (Kellert et al., 2008) and bioregional planning (Newman & 

Jennings, 2008). The concepts of BU and BD have previously been applied in the 

design and development of many cities; however, a gap in our understanding of 

how those concepts can be implemented remains. Since BU first emerged as an 

important policy area for delivering tangible benefits to cities, new strategies have 

been needed to facilitate its successful implementation. The focus of this thesis was 

to undertake a closer analysis of what can be achieved by stakeholders if BU was to 

guide urban developments at different scales. 

Three aspects of urban development were selected to guide the research: funding 

scheme, planning and design and context. The selection criteria for projects to 

include in the analysis emerged from the results of the literature review, which 

revealed the knowledge gaps concerning the implementation of BU. Further, the five 

research sub-questions were assigned to three development aspects and formed 

the foundation for the five publications and the selection of the analysed case 

studies.  

Publication 1 sets out how the concept of land value capture, now commonly used 

in delivering transport projects, can be applied to BU projects and support their 

funding. In Publication 2, the authors show how traditional bioregional planning can 

be adapted to bring a more BU outcome by applying its principles in a more urban 

context. Publication 3 uses the principles of new urbanism-based street planning to 

enable BU to be built into this approach to street revitalisation. In Publication 4, the 

authors analysed a stormwater project to show how some core implementation 

principles of local planning and design—community-engagement, specialised 

design expertise, creativity and local government commitment— can be applied to 

BU. The final paper (Publication 5) uses the cultural context of regional indigenous 
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landscape approaches to show how BU can use these concepts in an urban 

context.  

Selected case studies from cities around the globe have been analysed. Publication 

1 examined examples from Seoul (South Korea), Birmingham (United Kingdom) and 

New York (United States). Publication 2 examined case studies from Singapore and 

Vitoria-Gasteiz (Spain). Publication 3 analysed examples from Portland and 

Berkeley (United States), Melbourne (Australia) and Vitoria-Gasteiz (Spain). 

Publication 4 analysed case studies from White Gum Valley and Lathlain in 

metropolitan Western Australia. Publication 5 presented examples from Jandakot, 

Perth and York in regional Western Australia. The examples of biophilic projects 

analysed were selected based on accessibility, open-sourced data availability and 

representation of biophilic elements, solutions and experiences.  

A multi-case study approach of qualitative inquiry was used to analyse potential 

methods of financing biophilic urban developments and to explore the tools, 

attributes, design elements, approaches, values, incentives and drivers facilitating 

the delivery of biophilic urban regeneration projects (Publications 1 to 4). Further, a 

social and indigenous context of BU was examined to better understand how 

history, local and indigenous landscape knowledge can facilitate the delivery of 

culturally-appropriate biophilic urban projects (Publication 5). 

In response to the overarching research question—What tools and strategies can 

help implement BU in a way that integrates human end ecological dimensions?—

the evidence analysed in the preceding chapters and the publications suggest 

numerous tools, approaches and strategies for the successful delivery and 

mainstreaming of biophilic urban projects and initiatives. These are summarised 

below:  

1. New financing schemes: Biophilic urban projects have been built in many 

locations around the world. However, the success stories behind them are rarely 

disseminated to a wider audience. Developers and local authorities rarely report 

on the processes of achieving biophilic urban projects (Publication 1 and 3). A 

better understanding of how biophilic projects can be funded, planned and 

designed is essential to enable effective delivery of BU at a city scale. To 

encourage and facilitate designs based on BU strategies in urban regeneration 

projects, local governments should consider alternative ways of financing these 

new investments. A mechanism of land value capture has been proposed as 

one way of funding biophilic projects by private investors. This mechanism could 
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be used to calculate approximate land value increases and allocate the profits 

towards funding biophilic urban infrastructure. This increase in land value can be 

used to attract private investors to deliver new businesses in the area 

(Publication 1). 

 

2. Climate change and biodiversity loss: In recent years, there have been calls for 

action to tackle the consequences of climate change, to address biodiversity 

loss and disturbance of ecosystem services (Intergovernmental Science-Policy 

Platform on Biodiversity and Ecosystem Services, 2019; Masson-Delmotte et al., 

2018). Strategically implemented BU, could assist with these challenges and 

should become part of climate change strategies and biodiversity loss for 

governments, development agencies and private businesses (Publication 5).  

 

3. Healthy ecosystems: BD and BU are anthropocentric design concepts. In this 

era of environmental and climate emergency, BD and urbanism must not only 

focus on the health and wellbeing of humans, but on the health and wellbeing of 

whole urban ecosystems and beyond (Publication 5). The state of urban 

biodiversity and the health of its fauna and flora must be taken into 

consideration at the initial design stage of a biophilic project. Buildings and their 

indoor environments, roofs, balconies and façades should all be designed in a 

way so that they connect with the natural world outside the buildings.  

Landscaped areas should be designed within the same biophilic paradigm, so 

the inside-out and outside-in are interconnected and complementary 

(Publications 2 and 3). 

 

4. Innovative approaches and economic benefits: Biophilic urban projects, 

including regeneration projects, can provide economic benefits such as 

increases in property value, cost savings on cooling and heating and extended 

life-spans of landscaping materials (Publications 1, 3 and 4). The measurable 

change resulting from the implementation of BU must be captured to prove 

financial gains. Local authorities should demonstrate increased policy ambitions 

and development stakeholders should be able to demonstrate the need to 

implement innovative sustainable solutions (Publications 2, 3 and 4). A 

monetary value estimate is necessary to encourage wider uptake of BD 

strategies.  
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5. Space availability in urban context:  Regenerating the most common urban open 

spaces—the streets—by implementing biophilic urban design principles leads to 

multiple urban benefits, as shown in Publication 3. The four analysed street 

examples demonstrate how biophilic streets can be built in different locations, 

climates, city typologies and urban structures. Multiple design solutions, when 

used in conjunction with and fulfilling the objectives of BU, can deliver spaces 

that resulted in economic, environmental and social benefits (Publication 3 and 

5). Integrating environmental approaches into the functional design of streets 

can contribute to a community’s economic and social enhancement. Biophilic 

streets could form a network connecting urban nature with the bioregion, 

thereby directly supporting its biodiversity. The proposed biophilic streets design 

framework could help to improve urban infrastructure so that it delivers 

restorative and health-promoting outcomes across any city. The framework 

could be used by policymakers and designers to move from theoretical and 

imaginative BU discourse to real-life projects and urban interventions.  

 

6. Scale and the governance: Analysis of the stormwater regeneration projects 

revealed that the governance approach to delivery and maintenance of biophilic 

projects depends on the size and scale of a particular project. Small-scale 

initiatives, such as a community garden (Publication 4), can be initiated and 

successfully led to completion by a group of community members with casual 

support from professionals. A large-scale project, such as a neighbourhood park 

(Publication 4), requires a partnership between various stakeholders 

(professionals, community, developers and local governing bodies) and a fully-

professional assessment process. The engagement of like-minded stakeholders 

guarantees the success of a biophilic project. 

 

7. Biophilic regeneration of urban infrastructure: Regenerating modern urban 

infrastructure by applying biophilic strategies to achieve biophilic experiences: 

Results from the analysis of the biophilic regeneration of stormwater basins in 

Perth demonstrated that many more benefits from urban infrastructure can be 

achieved if the principles of BU and BD are deployed at different scales during 

the planning and design process (Publications 3 and 4). 

 

8. Urban density and new nature: Urban density does not prevent nature from 

thriving, but it can become the opposite. By applying the principles of BU in 

densely built-up neighbourhoods, Singapore was able to bring nature more 
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intensely into the daily life of urbanities (Publication 2). Density may assist with 

building vertical ecologies, where a kind of new nature, through new habitats, 

develops that fulfils the functions of the original ecosystems replaced by the city 

and which contributes to bioregional outcomes. 

 

9. Ecology and aesthetics: An assessment of human needs is often reduced to 

aesthetic and results in underperforming urban nature (Publication 5). The 

monoculture of lawns and popular ornamental plant species (often non-native) 

provide primarily aesthetic experiences. The common scenario in many urban 

landscape projects is that the designers fulfil the client’s desires for an attractive 

landscape design while ignoring pre-existing urban ecological networks. This 

needs to change and appropriate policies need to be introduced to shift people’s 

priorities. 
 

 

6.1 Further Research 
The findings from this research revealed that there are many knowledge gaps, 

structural barriers, and governance issues that need to be overcome in order to 

efficiently deliver and mainstream BU. The following recommendations for future 

research may help to facilitate the delivery of BU: 

 

 When opportunities for new urban development or regenerative projects 

arise, a conscious design strategy presenting BU objectives can deliver 

outcomes that are more liveable and regenerative. Further research is 

needed into the delivery strategies of biophilic urban projects where BD 

strategies were considered at the initial stage of the projects and continued 

to be implemented throughout the remaining phases. 

 

 A clear vision of how to implement BU at a local level is needed. Strong 

leadership and broad community support are necessary for local biophilic 

projects to take place and to ensure objectives are met. Effective 

implementation of BU must be supported by policymakers to link climate, 

biodiversity and health policies. Further research into the systematic 

implementation of BU and how to deploy the BD solutions at different scales, 

could help to establish local guidelines and best practice principles in 

relation to the local environmental, social, historical and cultural context.  
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 Modern urban and landscape design must not continue to be out of balance 

with nature. Ecosystem disruptions lead to outbreaks of viral and microbial 

disease. BU has the tools to build ecosystem services that can stop 

infectious disease transmission. Further research is needed to collect data 

on how certain biophilic features and designs help to reduce the spread of 

infectious diseases.  

 

 In green spaces in urban environments that contain wildness, biodiversity 

thrives, and nature manages itself with minimal human intervention. How 

such pockets of wildness in urban environments affect the urban residents 

remains to be answered. Research into the impact of pockets of wilderness 

on human health and well-being would help in the planning and design of 

biodiverse biophilic urban places. 

 

 Further research is needed to monitor and quantitatively and qualitatively 

evaluate the performance of biophilic streets and their countering impact on 

climate change, environmental degradation and biodiversity loss. 

Evaluations should also address cost-effectiveness. 

 

 Biophilic cities are smart cities. Technologies used in smart cities can be 

used to measure the biophilic effects of urban nature. Satellite images 

provide information on the use of biophilic places, the data obtained would 

aid the investigation of the effect of biophilic elements on human health and 

wellbeing as well as the health of particular ecosystems and their qualities. 

Visitors into the biophilic spaces, for instance, could report via mobile 

phones their preference for distinct biophilic structures or solutions. Further 

research should look at how new technologies can help to connect urban 

inhabitants to local and bioregional nature. 

 

 Further research is needed on how BU should incorporate human history, 

social and indigenous contexts and individual stories into the design of 

buildings and open spaces. 

 
 To ensure adequate psychological and ecological benefits, the needs of 

different ethnic, cultural, indigenous, or immigrant groups need to be 

recognised and addressed by designers. It is necessary to consider these 
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factors in urban design practices in order to deliver spaces that improve and 

maintain good health and wellbeing and strong, harmonious communities.  

 
 Urban planners need to consider how the size and type of urban green 

spaces may influence improvements in health and wellbeing. For instance, 

which types of urban green spaces are most conducive to facilitating 

physical activity?  

 

 It is important to mention that most research has a limited impact on public 

policies or strategies. Most scientific papers are inaccessible to 

policymakers, urban planners and designers. It is often the case that new 

tools, frameworks, and strategies never influence public policies or design 

and management practices. Showcasing successful examples of sustainable 

and biophilic urban solutions and communicating their benefits in clear and 

appropriate formats, using a diversity of media, is essential to increase if we 

are to increase awareness and understanding of the enormous potential 

benefits that BU offers among policymakers and other stakeholders. The 

result must be disseminated to the wider public free of charge to encourage 

similar initiatives. The analysis and results of the selected case studies must 

clearly show step-by-step how to achieve sustainable goals. Showing how 

the results translate into financial gains is another important step toward 

mainstreaming biophilic urbanism.  
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Appendix A: Interview Questionnaire 1 
 

Interview Questions: 

 
Note: Before starting the interview, please read the Participant Info Sheet 
and Consent Form-Interview provided. Please sign the Consent Form before 
the interview. Answering the questions is not obligatory. You can stop the 
interview at any time without any consequences. 

 
Design 

1. Are you familiar with the concept of biophilia and biophilic design? 
2. What is your (your team) design methodology? 
3. In your opinion, what is the perception of biophilic design in a 
standardised design process? 

Business Case 

4. How can a biophilic project be financed?  
5. How do you estimate the costs and benefits of a biophilic project? 
6. What are the main barriers to mainstreaming biophilic design? 

Procurement 

7. Can you briefly describe the procurement process? 

Execution of project 

8. How does your execution process differ from a usual process? 
9. What measures are taken to ensure the execution of a project 
complies with the principles of biophilic design? 

Evaluation 

10. What criteria do you apply when evaluating a completed project? 
11. How is the success of the project measured? 
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Appendix B: Interview Questionnaire 2 
 
 
The project title: Biophilic regeneration of stormwater infiltration basins in 
Western Australia. Case studies of White Gum Valley and the Green Swing. 

 

Interview Questions: 

Note: Before starting the interview, please read the Consent Form-
Interview provided. Please sign the Consent Form before the interview. 
Answering the questions is not obligatory. You can stop the interview 
at any time without any consequences. 

1. Where did the idea of repurposing the existing sump come from?  

2. Who were the actors (collaborators) involved in this project? 

3. What were the drivers and values motivating stakeholders to reinvent the 
sump? 

4. What were the investors’ expectations from this project? 

5. Can you explain the process from the initiation to completion?  

6. Was the local government supportive during the process? 

7. Did you receive any support from any private or public agencies? 

8.  What difficulties or obstacles did you come across during different stages of 
the project?  

9. What were the risks associated with the development of this project?  

10. How did the local community react to this project? 

11. The benefits coming from this project?  Any environmental, social or 
financial benefits? 

12. Was there a business case done for the sump garden?  

13. How was this project financed?  

14. Did you receive any financial support from the local government? 

15. What was the total cost of the project? 

16. How is the sump used now? 

17. What was the important lesson you learnt from this project? 

18. Has the idea of reinventing the sump been replicated in other developments 
in Perth? 
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Appendix C: Publication 1 
 

Publication 1 

Cabanek, A. & Newman, P. (2016). Biophilic urban regeneration: can 

biophilics be a land value capture mechanism? In C.A. Brebbia, S.S. Zubir & 

A.S. Hassan (Eds.), WIT Transactions on Ecology and the Environment. 

Sustainable Development and Planning (pp. 65-78). Doi: 

10.2495/SDP160061 
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Biophilic urban regeneration: can biophilics be a land 
value capture mechanism?  
A. Cabanek1 & P. Newman1  
1Curtin University Sustainability Policy Institute, Australia.  

Abstract  

There is strong evidence for environmental, economic and social benefits derived 
through the applied methodology of biophilic design. Early data on the impacts of 
biophilics provides evidence for the significant increase in urban land and property 
prices as well as the public value of ecosystem services. The need for urban 
regeneration has been proposed for cities to prevent the impact of urban sprawl to 
create more sustainable outcomes in energy, water and waste. To make urban 
regeneration happen requires an increase in urban amenities so that investment 
becomes worthwhile. This paper attempts to examine how biophilic elements of 
different scales can be used in urban regeneration and whether it can assist the 
regenerative city agenda. The land value capture mechanism has been proved 
successful in many North American cities. Through analysis of selected case 
studies, the paper demonstrates how the role of biophilics could be better 
implemented by governments and private investors as a core factor in creating 
urban regeneration projects.  
Keywords:  biophilia, biophilic design, urban regeneration, land value capture  

1. Introduction  

The principles of biophilic cities have been outlined in a number of publications and 
are increasingly being demonstrated around the world [1]. The value of any urban 
nature interaction has been assessed positively but the mainstreaming process 
remains elusive. Urban planners and designers have become increasingly aware of 
the economic benefits that urban greenery can create [1,2,3]. This paper suggests a 
possible funding mechanism to enable biophilic urbanism to be mainstreamed as a 
part of urban regeneration. The concept of land value capture started in the United 
States as a way of funding urban regeneration at local government level [4,5]. 
Because  urban regeneration through street furniture, landscaping and urban 
infrastructure increases the value of properties, there is a consequent increase in 
local taxation returns through rates, land taxes and sales taxes. These increases 
can be estimated and used as a hypothecated fund to pay for the financing of the 
improvements. The method has been adapted for funding urban rail in the United 
States, the United Kingdom and Australia [4]. This paper examines whether land 
value capture could be used to fund the mainstreaming of biophilic urbanism 
projects.  

  

2. Methodology  

Literature relating to biophilic design and the valuation of biophilic elements was 
sourced from bibliographic databases, university libraries and the internet. A 
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number of case studies were selected to investigate the relationship between real 
estate value and green and blue infrastructure to prove the argument that biophilic 
elements of different scales enable urban regeneration to become attractive for 
private and public investments.  

The analysis of selected case studies provides an insight into the benefits of 
thoughtful and strategic implementation of green infrastructure in commercial and 
private housing developments [6]. The methodology most commonly used to 
estimate the impact of green infrastructure on real estate value is called hedonic 
pricing. This methodology is often used in cases where non-market environmental 
goods and services such as air and water quality, and proximity to green spaces are 
considered value enhancers for adjacent land and properties. Often the valuation is 
based on comparing properties that differ with respect to their distance from 
environmental amenities such as parks, wetlands, recreational sites, open space or 
communal gardens [7].  

  

3. Biophilia  

The term 'biophilia' was first used by psychologist Erich Fromm to describe humans’ 
natural affiliation and ‘love for nature' [1]. In 1980s it was adopted by world-
renowned biologist, Edward O. Wilson, when he realized the negative 
consequences of ongoing separation of people from nature. Wilson described 
biophilia as “the affiliation of human beings to other living organisms” [1,8]. 
According to Kellert, biophilia is a missing link in sustainable design. Kellert [9] 
provides background theory for biophilic design, “a design approach in the built 
environment”. Kellert and Wilson (1993) stated that the main objective of biophilic 
design is to be “the deliberate attempt to translate an understanding of the inherent 
human affinity to affiliate with natural systems and processes … into the design of 
the built environment” [10]. Biophilia, as a background methodology, considers the 
multidimensional and interdependent complexities of urban systems and 
infrastructure to provide restorative, regenerative spaces capable of mitigating the 
destructive effects of the urban heat island effect, storm water, air pollution, 
electricity demand and biodiversity loss [3].  

3.1 Biophilic urbanism  

Beatley [1] described it simply as biophilia on an urban scale. Biophilic urbanism is a 
relatively new term which also can be explained as “the principle of harnessing 
natural features as functional design elements, particularly in buildings” [11]. It has 
also been described as an approach in “bringing nature to our doorsteps” by 
intentionally designing the outdoors to reconnect people with flora and fauna [3]. 
The main role of biophilic urbanism is to create an environment that is “psycho-
physiologically and cognitively restorative” [12]. This is to reverse the trend of 
downgrading natural ecosystems from city spaces due to the increasing density of 
the built environment and instead enabling structures to become regenerative to 
natural ecosystems [13]. 

  

3.2 Biophilic urban design  
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Biophilic urban design aims to create healthy, attractive and interconnected urban 
environments such as  green corridors, green belts, networks of urban ‘living 
architecture’ using vegetated walls and roofs [1], rivers and canals as potential sites 
for new habitats  and biodiversity hotspots. Biophilic design promotes development 
of educational facilities, and the design of infrastructure in such a way that 
encourages interaction with nature, whilst engaging inquisitive minds of all ages in 
their natural environment.  

To achieve meaningful and beneficial biophilic design, a number of principles 
have been proposed [9]: the experience of nature in the built environment should be 
repeated, ongoing and sustained; the design should consider human adaptation to 
the natural world that over thousands of years have advanced people’s health and 
wellbeing; attachment to particular ecological and cultural settings and places 
should result from design; positive interaction between people and nature should be 
created; connected, mutually reinforcing and integrated architectural solutions 
should result from the design.  

Biophilic cities are different from green cities. In biophilic cities the emphasis is 
put on wellbeing and health, celebrating living forms and processes. Green city’s 
main objectives are to reduce energy consumption, minimize environmental impact, 
and enhance environmental conservation [1].  

3.3 How does landscape architectural design differ from biophilic design?  

Biophilic design is a methodology which could and should be used by landscape 
architects and designers to create healthy, meaningful spaces. Landscape 
architects tend to design spaces embodying a client’s vision of the place. There is 
pressure to create visually appealing places, but not necessarily restorative ones, 
neglecting rather than enhancing biodiversity and ecosystem services. Some 
designs end up producing non-living landscapes. This could be avoided by applying 
the principles of biophilic design to every project. The methodology of biophilia aims 
to create urban landscapes to become living systems [12].To design a living, 
restorative urban space, a landscape architect may consider using the fourteen 
patterns of biophilic design specified by Terrapin Bright Green [12]. The patterns 
observed in the natural environment can be used as the framework to apply 
biophilic design in the built environment. Each pattern aims to meet the health, 
social and economic priorities of the project owner at the same time providing 
solutions to the evolving needs of the ecosystems [14]. The fourteen design 
patterns are adaptable and replicable strategies for improving the usernature 
encounter that can be implemented under many circumstances [13].  

4. Land value and biophilic urbanism  

Some of the key environmental factors affecting property and land prices are 
greenery, surface water, noise impacts and landscape features. The main focus of 
this study is to establish how strongly biophilic elements impact the land and 
property value. The first part in this section examines the land value increase due to 
traditional green spaces. In the second part it will be shown how innovative biophilic 
structures, such as green walls, roofs and elevated parks, contribute to the increase 
of land and property values. The paper will then show how it is possible to capture 
this land value as a funding mechanism.  
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4.1 Urban green and blue infrastructure and its impact on property value  

Crompton’s [15] analysis of 30 case studies investigated the relationship between 
real estate value and proximity to parks; they confirmed the argument that urban 
green spaces contribute to higher property values. He estimated a 20 percent 
increase in the value of properties adjacent to park areas when assessing property 
value increases attributed to urban green spaces.  

A study of 3000 properties in Philadelphia conducted by Watcher (2004) showed 
the effect that investing in green infrastructure has on property value. The author 
focused on converting vacant land into quality green spaces. The results suggested 
that turning a vacant lot into a green space could potentially increase surrounding 
properties value by 30 percent [16].  

One of the flagship examples of restorative projects, resulting in a regeneration of 
a significant urban area, is Cheonggyecheon Stream Restoration Project in Seoul, 
South Korea. In 2001, the Mayor of Seoul proposed removing Cheonggye freeway 
and restore the Cheonggyecheon River in order to revitalize the area economically 
and restore the status of ‘pride of Seoul’ for the area. According to a survey 
conducted, the project proposal was supported by 79 percent of residents. 
Completed in September 2005, the project became a source of tremendous pride 
for Seoul [17]. The main economic benefits from the project feature a significant 
increase in the price of land by 30-50 percent for properties within 50 meters of the 
project, which doubled the increases in other parts of Seoul. The cost of the project 
was $380 million and the restoration has served as a catalyst for an estimated 22 
trillion won ($1.98 billion) worth of capital investment in the Cheonggyecheon area 
redevelopment that would not have otherwise been invested. The case study is an 
example of successful urban regeneration where blue and green infrastructure 
become incentives for economic development [18].   

Canalside regeneration project in Birmingham City Centre in the United Kingdom 
is another notable example. According to the study led by GHK in 2009, the net 
impact of the canalside development on property values was between £25.7 and 
£57.1 million [19]. In 2014, Birmingham became a member of Biophilic Cities 
Network. The city has committed to become green and sustainable and to enhance 
connections between health and nature. To achieve these objectives, the Green 
Living Spaces Plan was prepared by the city council. The most impressive project 
Birmingham has committed to is a creation of a network of rivers and streams which 
serve as a grid of trails and pathways for the citizens, as well as restoring their 
natural ecosystems.  

The Birmingham canalside regeneration is an example of the impact of biophilic 
design on urban economic growth. The project has provided recreational and 
aesthetic ecosystem services as well as improving water quality in the rivers and 
canals.  

 

4.2 Green roofs, walls and elevated parks and their impact on land/property value  

In the report published by Smart Cities Research Centre [7], the properties with 
accessible green roofs are subject to 11 percent property value premium. Also, the 
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analysis of the properties featuring rooftop food gardens demonstrated an increase 
of 7 percent in property value. The adjacent properties could gain between 2 and 7 
percent, and those who have views onto a green roof could potentially gain up to 
4.5 percent of property value.   

Research about the impact of green walls on property value is emerging. Green 
walls, also called vertical gardens, are an easily identifiable symbol of the 
sustainable building movement since they are visible and increase green area ratio 
in urban centres [20]. A report prepared by Peck & Associates [21] stated that in 
Toronto (Canada) property values increase 6-15 percent for buildings when they 
include green walls. Des Rosiers et al [22] estimated that a green wall could add 3.9 
percent to a property value. This figure was based on the analysis of property data 
in Quebec (Canada). Also, the Growing Green Guide points to a green wall as a 
factor that could add value to any property but is lacking concrete examples and 
figures. Further research is needed to estimate the value green walls could add to 
properties in other countries.  

One of the most successful urban regeneration projects featuring many aspects 
of biophilic design is the High Line - an elevated urban park in Manhattan (the 
United States). It was built in three phases between 2006 and 2014 on a neglected 
freight rail lane. The project was developed and promoted as an economic 
regeneration of an industrial area and has become one of the major tourist 
attractions in New York [1, 23]. The High Line project significantly lifted the value of 
surrounding properties, stimulated the commercial and residential property market 
resulting in an estimated $4 billion in private investment [1].  

The idea of saving the freight area from demolition came from residents, who 
founded a not-for-profit organization, ‘Friends of the High Line”. Thanks to the 
successful marketing campaign launched by the organization, the general public 
became well informed about its potential and the significance of the proposed 
regeneration project.   Supporters of the High Line, including some members of the 
city council, obtained significant funds to develop the project. ‘Friends of the High 
Line’ managed to raise $300 million from private investors to finance the completion 
of the project and the ongoing maintenance [23] on the basis that it would improve 
the value of their properties.  

‘Friends of the High Line’ studied the potential economic gains for the freight line 
area. These studies projected how incremental tax revenues created by higher real 
estate values around the park would outweigh the costs.  

Levere [24] assessed the High Line’s impact on house prices by looking at 
property sales and figures. The amount calculated was an impressive $100 million 
increase in property taxes that the city gained in 2010 alone. Compared with the 
overall cost of the project, the financial benefits generated by the High Line 
significantly outweighed the costs and the profits continue to raise revenue.   

Factors that led to the successful execution of the project were, according to 
Ascher and Uffer [23]: the marketing campaign carried by ‘The Friends of the High 
Line’ and their celebrity supporters; political and federal support; the public-private 
partnership between ‘Friends of the High Line’ and the Government; the re-zoning 
and new regulations that allowed potential development to the area.  

The High Line initiative shows an alternative way of funding green infrastructure 
projects, using projected tax revenues and other financial benefits to activate a 
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project. In case of the High Line, its popularity led other cities to try and replicate its 
success. Similar elevated greenways and linear parks have been planned for 
Chicago, Philadelphia, Atlanta and Rotterdam [25], proving that private and public 
investors are starting to recognize the value of urban regeneration using biophilics.  

5. Policy implications  

A number of cities around the world have developed and implemented policies to 
encourage and require structures as green walls and roofs to appear in new 
development projects [11]. Reports collected and reviews of case studies done by 
the research group SBErnc [3] project have shown that the cities focused mostly on 
outcomes than processes of achieving biophilic projects, reporting rather on the size 
of allocated budget and structures. The report produced by SBErnc points to the 
most important issues, which have to be resolved to overcome challenges and 
barriers in achieving desirable biophilic outcomes. These are: reducing political and 
financial risk and leveraging opportunities; creating policies, guidelines and 
programs appropriate to any city’s circumstances.  

In this paper, the authors propose implementing a mechanism of land value 
capture as one way of funding biophilic projects by private investors.  

To encourage and facilitate design based on biophilic urbanism strategies in 
urban regeneration projects, local governments should consider alternative ways of 
financing new investments. The proposed land value capture mechanism has been 
successfully used in the United States, Canada, Japan and Hong Kong [4]. It has 
been founded on a principle that land value is determined by its intrinsic value plus 
any private investment that is enabled because of investment in infrastructure, 
economic development and population growth [26].  

The land value capture mechanism focuses mainly on attracting necessary funds 
to finance a new development project. It has been successfully used to finance new 
rail developments. The mechanism estimates the increased value on land around 
urban rail. The projected additional value is used to fund rail systems [4, 26].  A 
similar approach could be used to fund biophilic urban projects: the land value 
capture mechanism could be used to calculate approximate land value increases 
and allocate the profits towards funding a biophilic urban infrastructure.  

From the analysis of the selected case studies, it has clearly been shown that the 
increases in land values could be generated through a strategic design of the public 
amenities using the principles of biophilic urbanism. A local government can gain 
extra taxation revenues as a result of new development, without raising the existing 
rates [4]. These revenues can be forecast and included into future budgets as a 
means of paying for biophilic urban infrastructure costs up front.  

It has been shown that urban greenery has the potential to uplift the value of land 
and adjacent properties. Therefore, it is likely that biophilic design principles 
informing strategic urban design may have the potential to further increase this 
value. Estimated financial gains increase by up to 50 percent as shown through the 
above analysis of selected case studies. The land value forecast could be used to 
attract capital to the project before it is built and by this way it can help to fund the 
project.  
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Extra land value could be added by introducing a biophilic design methodology to 
create healthy, environmentally responsible and regenerative green and blue 
infrastructure seamlessly woven into the built environment to enhance its economic 
value. Such a mechanism exists in Singapore where a green floor ratio is required 
to replace the floor plate of a building by 2 to 3 times the amount of greenery 
through green roofs, walls and balconies [27]. This innovation has become a major 
factor in the city’s tourism and economic development.   

A number of publications have shown that there is an emerging market in cities 
for biophilic urban regeneration, highlighting that homebuyers are choosing 
properties with close proximity to high quality urban open spaces.  Furthermore, this 
increase in land value can be used to attract private and public investors to deliver 
new businesses in the area. New investments help to create vibrant 
neighbourhoods, indirectly lifting the value of all properties nearby.  

This paper suggests that a government mechanism of land value capture can be 
used to create biophilic projects into the mainstream of urban policy.  
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Bioregional Planning and Biophilic 
Urbanism

Peter Newman and Agata Cabanek

1. Introduction

Bioregionalism has been part of cities from the beginning. Cities grew out of the 
opportunities they created but could only do this if their bioregional services – food, 
fuel, materials, water, waste absorption and ecological services – were adequate 
and well managed (Mumford 1961). When cities forgot this link or deliberately 
denied it, they collapsed (Diamond 2009). Prophetic voices like George Perkins 
Marsh said this in the nineteenth century (Marsh 1864), but the same can be seen in 
ancient times. The biblical prophet Isaiah railed about Babylon (a real city but also 
representing any city that developed such arrogance about its environmental 
context); Isaiah predicted the collapse of Babylon due to its overcutting of its 
surrounding forests (14:8) 2700 years ago.

In more recent times, bioregionalism has been rediscovered in the environmental 
movement, the territorialist movement (in Italy), the natural resource management or 
landcare movement (in Australia) and a multiple of expressions through urban and 
regional sustainability (Magnaghi 2005; Cork et al. 2007; McHarg 1969; Fanfani, 
2009, 2013; Thayer 1997, 2009; Beatley 1999, 2012).

The link between bioregionalism and cities is not always made. Some bioregional 
perspectives, like those based around McHarg’s environmental mapping, give a 
sense that a bioregion would be better off without the city. Such an approach, often 
described as romanticism, has a long history of reaction to industrial 
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modernism (Pepper 1996). But new movements are now appearing that are re- 
establishing the inherent integration of cities and their bioregion which are more 
positive about how the city can help recreate a better bioregion (Newman and 
Jennings 2008; Hes and Du Plessis 2015). One of these movements is biophilic 
urbanism. This chapter will show how bioregionalism and biophilic urbanism are 
related. It will attempt to show that cities can indeed begin their bioregional 
strategies from the biophilic design strategies. It will demonstrate this in some case 
studies, especially in Singapore. 

2. Bioregionalism 

A bioregion is defined by natural borders rather than by political borders, as in the 
Yellowstone to Yukon bioregion, which traverses state and national borders. 
Bioregional natural systems are critical for cities to function, but they are usually 
assumed to be separate from the built environment. These natural systems that 
surround the city include the water supply, local food and timber supplies; local 
materials for building; local waste-absorbing processes in air, water and soils; local 
biodiversity that provides the fundamental life forces of the regional ecosystem; and 
bioregional recreation spaces for the city. Such bioregional perspectives have been 
studied to minimise urban impacts for some time and are now part of a bioregional 
science (Thayer 1997, 2009; Fanfani 2009, 2013). 

As cities consume or erode their natural environments, there has been growing 
concern that they must move from minimising their impact to rejuvenating their 
bioregional natural systems. If the natural systems are impacted too heavily, they 
can collapse, so the idea of regeneration is now being highlighted to not only 
minimise this but to repair the generations of damage that went before. The new 
ideas of resilient or regenerative design are now being applied (Lyle 1985, 1994; 
Thomson and Newman 2018). For example, many ideas for managing the 
increasing effects of climate change rely on green infrastructure which is multi-use 
infrastructure that uses natural systems to provide functions that traditionally were 
achieved by grey infrastructure systems, for example green space to absorb 
flooding, oyster beds to revive rivers and bioretention basins and swales (Matthews 
et al. 2016). Many of these projects go beyond resilience to actually regenerate the 
centuries of damage to their surrounding bioregion. 

The more recent addition to bioregionalism is how cities can be even more 
regenerative through biophilic urbanism. 

 

3. Biophilic Urbanism 

Biophilic urbanism is based on the knowledge that humans have an innate 
connection with nature that should be expressed in their daily lives, especially in 
cities. Bringing nature onto and inside buildings has become the new focus and 
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requires a new science and a new governance. This has not been a strong feature 
of architectural principles and practice (even though there has been a long tradition 
of landscape architecture) yet potentially offers great rewards if it is implemented in 
the structure of the built environment. 

Biophilia was a term first brought to life in 1964 by the psychoanalyst Erich Fromm 
in his exploration of the Essence of Man. He saw that humans’ awareness of their 
“mortality” separates them from nature, causing deep anxiety and conflict (Fromm 
1964). Humans try to overcome this anxiety by either a regressive path of 
narcissism, incestuous symbiosis, violence and necrophilia or a progressive path of 
altruism, freedom and biophilia. “Biophilia” was defined as a love of life and living 
processes. 

The concept of the biophilic human being was then examined and popularised in 
1984 by a sociobiologist, E.O. Wilson, in his book Biophilia. Wilson defined biophilia 
as “the innate tendency to focus on life and lifelike processes”. He utilised the term 
“biophilia” to describe his deep feelings of connection to nature during a period of 
exploration and immersion in the natural world. Wilson’s special insight was that this 
biophilic propensity developed as part of evolutionary survival so it encompasses 
certain characteristics that remain with humans even in modern cities and thus must 
be built into its everyday architecture (Wilson 1984; Kellert and Wilson 1993). 

Today biophilic urbanism has become a major social movement within city policy 
and practice. The movement from ecology to the built environment can be seen in 
the collected work edited by Stephen Kellert and others, Biophilic Design: The 
Theory, Science, and Practice of Bringing Buildings to Life (Kellert et al. 2008), 
largely focused on the building level, to Timothy Beatley’s book, Biophilic Cities: 
Integrating Nature into Urban Design and Planning (2011). There is now a Biophilic 
Cities Network with membership across the globe; the network enables cities to 
share information on how to mainstream biophilic urbanism into the policies and 
practices of cities. 

The special niche of biophilic urbanism has been its focus on how to apply greenery 
into and onto the buildings that make up our cities, predominantly through green 
roofs and vertical greenery that have changed buildings from being concrete and 
steel designed to separate urban life from nature to living walls and roofs that are 
now seen as habitat sites with a new kind of design aesthetic (Kellert et al. 2008; 
Kellert 2008). As a result, a wide range of designs and methods for integrating 
nature into the built environment have emerged and continue to evolve with the 
potential of linking into bioregional regenerative outcomes. 

 

3.1 Green Roofs 

Green roofs are being developed across the world based on a range of new 
materials and new technologies as well as new science of what species will thrive in 
different areas (Dunnett and Kingsbury 2008; Wood et al. 2014). They are also 
being built for different reasons. North America is discovering that they are a very 
effective and popular option for managing stormwater and reducing the urban heat 
island effect. Basel, in Switzerland, has been installing green roofs for the past 16 
years with a focus on increasing biodiversity. Where there may be a sole initial 
driver for the green roof installation, the multiple benefits are discovered which then 
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tends to lead to a ripple effect of further green roofs being installed in the 
surrounding area (Soderlund and Newman 2015). 

Chicago first conducted a green roof trial on their City Hall, and its success led to 
incentives and regulations to encourage further green roofs in the City of Chicago. 
The driver for this was the need to cool the city and reduce the urban heat island 
effect. By 2010, Chicago had 359 green roofs totalling 51 hectares, and the Chicago 
City Hall green roof has become an icon for Chicago’s sustainability movement. 

Green roofs can be intensive or extensive like the California Academy of Sciences 
in San Francisco or Millennium Park in Chicago which is an extensive (10 hectare) 
green roof built over parking lots; this project has resulted in increasing tourism and 
further development bringing $3–5 billion economic benefit to the area (Soderlund 
2016). 

Green roofs can become part of a city’s building policy with strong incentives such 
as extra density if provided or just the encouragement of a city policy. Germany 
began with incentives in 1983 followed by Basel, Switzerland, in 2000. Both 
countries currently have a high number of green roofs, and it is now an accepted 
form of practice. Washington initiated a green roof rebate program in 2005 and, as 
part of their Sustainable DC strategy, aims to have 20 million sq. ft. green roofs by 
2020. Many global cities have initiated some form of incentives encouraging green 
roof construction in their cities. Austrian cities Vienna, Linz, Salzburg and Graz 
provide multiple grants and subsidies to support various green infrastructures being 
installed, including green roofs. Globally there is a growing tool kit of options for 
biophilic urbanism policy. This requires not just green roofs but green walls as well. 

3.2 Green Walls 

French botanist Patrick Blanc was the first to demonstrate extensive green walls; he 
created large, artistic and prominent green walls with plant species selected from 
waterfall rock-face plants. Blanc’s walls are hydroponic panel systems which are 
quite thin, thus enabling them to be large and tall. Since these spectacular 
examples, green walls of all kinds have sprouted across the world (Blanc 2008). 

Green walls are suitable for both indoor and outdoor locations. The resulting 
benefits will vary with the site, and, in some climates, indoor placement brings 
greater benefits. Toronto has discovered this with indoor biofilter green walls 
developed from NASA space technology research. These biofilter green walls 
significantly improve indoor air quality through a filtering system primarily involving 
the plant roots and soil microbes. Biofilter walls are also beginning to be recognised 
scientifically where a 2-year study of an installation in Sydney suggested impressive 
results of significant indoor particulate and carbon dioxide reductions (Burchett and 
Torpy 2011). 

There is a growing body of evidence about such projects as the Toronto indoor 
biofilters, which have been a popular addition in developments, that they have 
multiple social, environmental and economic benefits. 
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3.3 Benefits of Biophilic Urbanism 

Socio-psychological and environmental benefits are the most studied elements of 
biophilic urbanism (Newman et al. 2017). These are likely to combine and contribute 
to significant economic benefits such as better workplace productivity, improved 
health and healing, increased retail potential, decreased crime and violence, 
increased property values and employee attraction and increased liveability in 
dense areas. These are set out in Table 1 along with some estimates of economic 
benefit from each. 

There are many obvious benefits of biophilic urbanism, but most of the literature and 
work by the biophilic urbanists are on how it can benefit cities as though they were 
not part of a bioregion. So how does biophilic urbanism help with bioregional 
agendas and how can bioregionalism help the biophilic urbanism agendas? 

4. Linking Bioregionalism and Biophilic Urbanism 

In order for biophilic urbanism to assist with a broader bioregional agenda, it will 
need to focus on how the natural features that are being introduced onto and into 
built structures can improve bioregional outcomes. Like all landscape architecture, 
bioregional-oriented biophilic urbanism needs to see how the choice of plants and 
their ecological structures can assist in a range of outcomes being sought by 
bioregionalism. It can also start as a bioregional policy which is translated into a 
local biophilic urbanism policy and extends the potential outcomes. There are 
several ways that biophilic urbanism can help with the bioregionalism agenda; the 
three examined here to illustrate the links are ecosystem services, biodiversity and 
sense of place. 

Table 1 Economic benefits of biophilic urbanism 

Area of benefit Estimated economic and environmental benefit 
Better workplace 
productivity 

$2000 per employee per year from daylighting 
$2990 per employee over 4 months when desks angled to view 
nature 

Improved health and 
healing 

$93 million per year in reduced hospital cost of natural features 
provided in the US hospitals 

Increased retail 
potential 

Skylighting in a chain store would result in a 40% sale increase, 
±7% 25% higher sales in vegetated street frontage 

Decreased crime and 
violence 

Public housing with greenery had 52% reduction in felonies 
Biophilic landscapes introduced across New York City would 
have $1.7 billion through crime reduction 

Increased property 
values 

Biophilic buildings attract higher rental prices, 3% per square 
foot or 7% in effective rents, selling at prices 16% higher 

Employee attraction Biophilics attract and retain high-quality workers 
Increased liveability in 
dense areas 

Green features increase saleability of densely built apartments 
blocks 
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Carbon sequestration In Singapore, aboveground vegetation sequesters 7.8% of the 
total emitted daily carbon dioxide 

Reduced urban heat 
island effect and 
reduced energy 
consumption 

Due to shading provided by urban trees, in Los Angeles, annual 
residential air-conditioning (A/C) bills can be reduced directly by 
about US$100 million, additional savings of US$70 million in 
indirect cooling, US$360 million in smog-reduction benefits 

Water management and 
quality 

Up to 70% of stormwater retention capability depending of the 
local climate and other conditions 

Air quality Urban street canyons full of greenery can reduce particulate 
matter by up to 60% and nitrogen dioxide by up to 40% 

Biodiversity 
conservation 

A study of 115 wildly colonised green roofs in north of France 
found that 86% of species were native to the area 

Source: Newman et al. (2017) 

4.1 Ecosystem Services 

The choice and type of biophilic services in a city can greatly assist bioregional 
watershed management, waste management and the provision of resources such 
as energy, materials, food and water. Cities covered in hard surfaces need to slow 
down stormwater flows, and there is much evidence of this now being 
mainstreamed, for example permeable and porous pavements infiltrate rain water 
which can be stored in underground tanks as in Vitoria-Gasteiz. Cities with 
substantial vegetation can clean the air and water; they can absorb grey water 
through bioswales and rain gardens to help grow biophilic landscaping, especially in 
areas where water is scarce at certain times of the year. Cities can provide 
particular types of food such as vegetables, herbs and spices because they are so 
labour-intensive, reducing food miles as many restaurants are now using to attract 
customers. Cities can provide water through their own urban catchments as well as 
drawing from their bioregional surrounds as in Singapore (outlined below). Cities 
can provide their own energy from local renewable sources thus reducing the impact 
on bioregions or working in partnership to share resources like biofuels as in Perth’s 
White Gum Valley project (Newman et al. 2017). 

The key, as to whether cities do this, will be whether cities plan for this or not. 
Modernist planning expectations certainly did not include such agendas, but new 
technologies for small-scale water, energy, waste and materials can combine with 
the expertise from biophilic scientists to enable such agendas to be mainstreamed 
(Newman 2005; Beatley 2011). 

4.2 Biodiversity 

With declining global biodiversity, increasing the availability of habitat in cities 
through increased urban vegetation is an obvious focus for progressive cities. The 
United Nations 2012 conference on biodiversity combined most of the world’s 
nations in a pledge to increase commitment and spending on halting the rate of 
species loss; but it will be cities that mostly are able to do this. Green roofs and 
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green walls have multiple benefits, but if carefully integrated into urban landscaping 
and bioregional ecosystems, they can also help with biodiversity. 

Cities in Switzerland, particularly Basel, have been studying the progression of 
biodiversity associated with their green roofs with encouraging results, resulting in 
mandatory green roofs on new flat-roofed buildings similar to Toronto. Some bird 
species are beginning to colonise Swiss green roofs. In a study of 115 “wild- 
colonised” green roofs in northern French cities, 86% of the colonies were found to 
be native plants. This suggests that, once established, biophilic architectural 
features could act as important sites for biodiversity colonisation from the 
surrounding bioregion (Brenneisan 2006; Baumann 2006; Madre et al. 2014). 

The key to enabling a biodiversity link is to see how plant species and habitat 
structures can be designed with a bioregional perspective, not just a local aesthetic 
perspective. This will take scientific monitoring and studies to ensure it is working. 

4.3 Sense of Place 

A bioregional approach to urban design helps to create a sense of place. Beatley 
and Newman (2013) make a case that biophilic cities are overlapping in their desire 
to be sustainable and resilient through a range of place-oriented strategies that are 
trying to make the built environment more sensitive to its local, regional and 
planetary environment. Newman and Jennings (2008, p 144–155) developed five 
strategies for cities to enable them to foster a sense of place. One of those is “to 
connect the urban form to the wider bioregion”. To achieve that, local planning 
authorities must provide planning criteria and tools and fund necessary biophilic 
structures to connect the city to its bioregion. Cities located in a particular bioregion 
need to have the characteristics of their regional ecosystem at the heart of their 
biophilic systems. 

In Europe, planning regional ecological networks to connect urban and rural natural 
systems has a long tradition. A flagship example of biophilic urbanism linking to 
regional ecosystems has been delivered in Vitoria-Gasteiz in Spain. The capital city 
of the Basque Country has had a policy for some time to join urban and rural natural 
systems creating a network that provides a number of eco-services as well 
enhancing humans’ well-being (Beatley 1999, 2012). The sense of place that has 
been generated permeates from the bioregion through to its parks, boulevards, and 
buildings. The green infrastructure creates channels connecting the greenbelt and 
its parks to the greenery in the city. The green network provides favourable 
conditions for enhancing urban and rural biodiversity recreating lost habitats. One of 
the important biophilic projects was naturalisation of a stream, which once was 
channelled in a concrete pipe. The stream, boarded by native riparian vegetation 
and traditionally reinforced embankment, runs along Gasteiz Hiribidea Avenue. 
Together with an impressive green envelope at the Palace of Europe, the stream 
creates a biodiversity hotspot in the city centre providing habitat to more than 70 
butterfly species, many insects, and small animals (Beatley 2012) (Fig. 1). 
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5. Singapore: Biophilic City 

Few cities have gone as far as Singapore with their biophilic urbanism. The island 
state has revegetated much of its previously cleared areas increasing canopy cover 
by 40% between 1986 and 2007. The goal of the city is to move from being a 
“garden city” to a “city in a garden” or even a “city in a forest”. Canopies have been 
built over most major roads and parks with different levels of habitat as well. 
Corridors of greenery have been built across the city called Park Connectors 
providing walking and cycling access only. Perhaps most impressive though has 
been the commitment to green roofs and green walls into hundreds of buildings 
based on a new science of how to apply it in Singapore’s climate developed by the 
government and freely provided. The enthusiasm of government, private sector and 
community groups for their biophilic city is evident in a number of films about 
Singapore (Newman et al. 2012). 

Biophilic urbanism is now being mainstreamed into the town planning system in 
Singapore. New buildings in Singapore are now required to have a Green Floor 
Plate Ratio which requires them to replace the floor plate of the development with at 
least the same and sometimes twice as much greenery as the floor plate area 
(Newman 2014; Ong 2003). WOHA, the architects of Singapore’s award-winning 
Park Royal Hotel also known as the “jungle hotel”, took great advantage of 
Singapore’s green area ratio (GAR) to maximise green space and biodiversity, 
achieving a 5 to 1 ratio (Fig. 2). 

Singapore’s global leadership in biophilic urbanism has been recognised (Newman 
2014), so other cities are now copying them. For example, Washington D.C. 
recently created a green area ratio (GAR), modelled after Singapore’s, which 
requires developers to replace the green space they have built over into their  
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Fig. 1 Regenerated urban stream from stormwater pipe in Vitoria-Gasteiz, bringing 
bioregional biodiversity into the city. (Source Photo Agata Cabanek) 

building’s roof and facade. D.C.’s new stormwater runoff and GAR fees are 
expected to pay for many more biophilic projects (https://doee.dc.gov/GAR). 

The goals of linking ecosystem service, biodiversity and sense of place are seen to 
overlap in all the new biophilic projects being built in Singapore such as the 
Gardens by the Bay which an educational area is showing the whole variety of 
biodiversity in its bioregion and creating multiple habitat sites to demonstrate them 
(Fig. 3). 
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Fig. 2 Singapore’s Park Royal Hotel which achieved a green floor ratio of 5:1. (Source 
Photo  

Peter Newman (Colour figure online)). 

Singapore’s KTP hospital incorporated greenery and biophilic design throughout the 
hospital in the hope that it would not only improve healing rates but that this initiative 
would encourage butterflies back. Both have happened. A goal of 100 butterfly 
species was set, and after 3 years, 102 species were sighted at the hospital 
(Newman and Matan 2012) (Fig. 4). 

Three key conclusions about the value of biophilic urbanism and how it is relating to 
bioregionalism can be drawn from Singapore: 

 (a). Singapore shows how the stigma can be removed from density as not being a 
feature of green cities. 

Singapore’s biophilic urbanism has shown the world how a dense city can 
regenerate natural systems and create far more natural urban systems. It is doing 
this between buildings and all over buildings using their structures to create new 
urban ecosystems never considered possible before (Fig. 5) of a high-rise green 
facade. This is countering the problems of modernist buildings and their unattractive 
qualities to many people. 

Singapore has demonstrated that density probably helps in two ways: (a) it enables 
concepts like Park Connectors and the Gardens by the Bay to be developed  
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Fig. 3 Singapore’s Gardens by the Bay replaced a reclaimed area with a range of 
technologically creative habitats and educational facilities for demonstrating bioregional 
biodiversity. (Source Photo Agata Cabanek) 

 

Fig. 4 KTP hospital in Singapore showing biophilic features that have made the hospital 
into a tourist attraction. (Source Photo Peter Newman) 
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Fig. 5 High-rise green façade in Singapore high-rise office building. Source Photo Peter 
Newman  

(Color figure online) 

as they need intense land uses where distances are short; and (b) it enables the 
height of buildings to be used to help create a third dimension in an urban 
ecosystem. This means that a structure for biological activity can be created around 
buildings similar to the structure of tall forest. Thus the positive element of biophilic 
urbanism is that dense cities with high-rise buildings can perhaps provide more 
opportunities to build biophilic urban ecosystems than low-density suburbia, due to 
their extra habitat opportunities from high walls and flat roofs. This is a big issue as 
the world is trying to find ways of preventing car-dependent urban sprawl with all its 
oil, climate, health and economic implications, and most cities point to a powerful 
need for increased densities (Newman 2006). However, the need for natural 
systems to be part of this policy has always been a question that threatens to 
undermine the value in more compact cities. Perhaps biophilic urbanism is a way to 
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facilitate green and attractive cities that are also far more efficient in resources? To 
take away the stigma of density would be a significant bioregional planning 
contribution from biophilic urbanism now clearly demonstrated in Singapore. 

 (b). Singapore has shown how a city can make a contribution to local and 
bioregional biodiversity. 

Singapore’s NParks started measuring biodiversity when they began their biophilic 
experiments. They have pioneered the Singapore Biodiversity Index which has been 
adopted by many cities around the world. These data are now showing that new 
and rare species are being found in Singapore long after they were thought to have 
disappeared from the urban area. The many local examples set out in a series of 
beautiful publications from the city all show rapid increases in birdlife and other 
biodiversity as soon as habitat is provided, whether it is using local species or not. 
Indeed many of the tree species used to provide the structure of their urban 
ecosystems are not native, like the rain trees used to structure canopy cover over 
roads and parks (because their root systems fit into urban areas). KTP Hospital 
measures biodiversity in birds, fish and butterflies, and all are going up as their 
biophilic features mature. 

Biophilic urbanism like that demonstrated in Singapore is unlikely to recreate the 
pre-urban ecosystem nor is that ever claimed. But it can do far more to recreate the 
structure of the ecosystem in any area as it can use the diversity of a city’s built 
forms and microclimates to create urban ecosystems far more biodiverse and 
complete in their structures than in the unidimensional urban parks and gardens we 
are used to. In this, it is more like the regenerative design paradigm mentioned 
earlier. 

 (c). Singapore has shown how new kinds of bioregionally oriented urban 
ecosystems can be imagined developing if biophilic urbanism is taken 
seriously. 

As the biophilic urbanism in Singapore spreads and matures into a more complete 
coverage of the urban environment, it can be expected that not only will local 
biodiversity rise but a better understanding of how urban ecosystems can help 
bioregions regenerate. It is not the same as the pre-city rain forest, but it will have 
many features of a rain forest except it will also contain a city full of people. 

6. The Next Stage in Singapore’s Biophilic Urbanism 

There are two new projects that take Singapore’s biophilic urbanism into new 
territory and can help show bioregional outcomes. The projects are new urban areas 
being built on sites that are highly degraded – one is a degraded industrial area and 
the other is a section of coastline that has been reclaimed using earth fill and 
recycled rubbish. Their biophilic design strategies as part of their strategic planning 
are providing a new opportunity for bioregionalism. 

The two new projects are redeveloping areas for extra housing and in the process 
are regenerating the natural features of the area using bioregional principles and 
then bringing these back into the biophilic urbanism being used in and on buildings. 
One is taking a former river delta area that had been drained and channelised into 
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concrete drains and will recreate some of the former river mouth ecosystem. It will 
then take some of the features of this ecosystem back into how the landscape is 
created around and on the buildings for the new housing area. It is thus joining the 
natural features of the area into the built form and regenerating the former 
ecosystem. The other project is on the coast and will be using coastal ecosystem 
features to regenerate the area from a reclaimed concrete wall into a thriving natural 
area; it will then bring these features into the green roofs and green walls of the new 
housing area (Ming et al. 2010; Yabuka 2018). 

Biophilic urbanism has emerged in the USA but is not just an American 
phenomenon. Singapore has shown, perhaps more than any other city, how a 
dense Asian city can bring nature into the city in new and exciting ways. Perhaps 
the most important outcome of Singapore’s biophilic urbanism is that it has proved 
not only that density does not preclude a city from bringing nature more intensely 
into the daily life of a city but in fact density may assist this. 

The rapidity with which Singapore has made this transition from being a modernist 
city, where nature was kept at a distance from urban development to embracing it at 
every point of the city’s development and buildings, suggests that any city wanting 
to make a contribution to biodiversity and to creating a healthier and more complete 
urban ecosystem can now do it. The technology of green walls and green roofs is 
now available and needs to be trialled in many different urban environments. The 
results can be a city where a new kind of urban nature develops that fulfils the 
functions of the original ecosystem replaced by the city and which contributes to 
bioregional outcomes. 

7. Conclusions 

Bioregional planning and biophilic urbanism are natural allies in many aspects of 
environmental planning. There is a need for bioregionalism to bring its insights and 
science right into the city and down to the detailed landscaping in and on buildings, 
and there is a need for biophilic urbanism to extend their science and insights out 
into the corridors and surroundings of the bioregion that supports every city. Such 
linkages will need to be demonstrated more and more such as the two new 
redevelopment case studies in Singapore. It is possible that a new kind of biophilic 
urbanism will be created that is more related to the local ecology and bioregional 
restoration, gaining its design motivation not from a collection of plants from around 
the world but from the restored local ecology. At the same time, the case studies 
could be rejuvenating bioregionalism because it grows out of the city and its 
development rather than being just what happens outside and around the city. Such 
potential integration of bioregionalism and biophilic urbanism is needed in all cities. 
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Biophilic streets: a design framework for
creating multiple urban benefits
Agata Cabanek*, Maria Elena Zingoni de Baro and Peter Newman

Abstract

Biophilic urbanism is bringing new perspectives to how natural systems need to be integrated into the fabric of
cities. This paper shows how biophilic streets can be the front door to biophilic urbanism by integrating nature into
a new street design, benefiting a range of economic, environmental and social functions. A theoretical integrated
Biophilic Streets Design Framework, is outlined and evaluated through the analysis of four street revitalisation
projects from Vitoria-Gasteiz, Berkeley, Portland and Melbourne. Its practical applications and multiple urban benefits
will be of value to street designers globally. The Biophilic Streets Design Framework demonstrated that the four
case studies meet the main design categories, which is favourable since multiple additional benefits are likely to be
obtained. Future research is needed to monitor and quantify the performance of biophilic streets design to address
the increasing effects of climate change, environmental degradation and biodiversity loss in a cost-effective way.

Introduction
Streets have been the focus of public life in cities since
they were first built [1, 2]; they provide the space and ac-
cessibility for close communal activity. The rediscovery
of the social and economic value of streets since the
work of Jane Jacobs [3], groups like Project for Public
Spaces, and the detailed designs of Jan Gehl [4, 5], have
enabled them to be seen as much more than spaces for
mobility. This research seeks to integrate biophilic elem-
ent into the design of new streets and the renewal of
traditional ones to enhance the environmental compo-
nent in the mix of benefits associated with streets.
Biophilic urbanism has emerged as a way to bring na-

ture more purposefully into cities, not just between
buildings and infrastructure, but into and onto them in
ways that increase the connectivity between people and
nature and derive benefits from natural services and
functions [6–8]. Although the application of biophilic
urbanism to streets has been present in the literature for
some years and has informed the work of biophilic de-
signers, it has not been formally developed into a design
framework demonstrating how it can be delivered and
what its multiple benefits are. This paper seeks to

address the need for a theoretically and practice in-
formed design framework to enable more effective deliv-
ery of biophilic urbanism.

Biophilia and related emerging concepts
The emerging concepts of biophilia, biophilic design and
biophilic urbanism are primarily concerned with human
inclinations to affiliate with nature in urbanised environ-
ments such as cities, as suggested by Wilson [9], Kellert
Heerwagen and Mador [6] and Beatley [7].
The term biophilia was first used by the German psy-

choanalyst Erich Fromm in 1973 and defined as ‘love of
life’. The American biologist E.O. Wilson advanced stud-
ies on this subject, expanding and popularising the con-
cept of biophilia as the innate affinity of human beings
with all forms of life and their inherent tendency to
focus on lifelike processes in his seminal book, Biophilia
(1984) [9]. Further studies demonstrated that this human
inclination to affiliate with nature appears to be critical
for human physical and mental health in the modern
urbanised world due to humanity’s origins in nature [8,
10–12]. Salingaros [12] studied this relationship in
depth, also studying how humans developed their sen-
sory space. He suggested that there are particular and
very specific geometrical properties found in the
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structure of nature and in the built environment which
have a positive and uplifting influence on human phys-
ical and mental conditions. These properties applied to
design can therefore enhance the quality of life in urban
centres. This process, called the ‘biophilic effect’ by Sal-
ingaros, relies on an intimate informational connection
between humans and nature, and supports the need to
introduce natural systems into the design of built envi-
ronments [12]. Kellert [6] defined and described six bio-
philic design elements and seventy attributes that were
later summarised for practical application in architec-
tural and urban design. Kellert and Calabrese considered
biophilic design as a means for sustainable development
because it could promote care, stewardship, and attach-
ment to place [10].
Biophilic design attempts to achieve the benefits of

contact between people and nature within the modern
built environment [6, 10, 11] by integrating nature, in-
ternally and externally, into buildings, built infrastruc-
ture and across the urban space [7]. By adopting the
strategies of this design principle, creating habitats for
people, as biological organisms, that restore or enhance
their physical and mental health, fitness and well-being
becomes viable [10]. In addition to anthropocentric goals
and benefits, biophilic design is a recognised solution to
a spectrum of environmental challenges including urban
heat island effect, particulate matter filtration and car-
bon dioxide sequestration, rehabilitation and restoration
of lost habitats and increase of urban biodiversity. It pro-
motes ecologically interrelated design solutions at mul-
tiple scales and enables regeneration of natural systems
in the urban environment [8, 13–15].
Beatley (2011) extended the concept of biophilic de-

sign to the urban scale, imagining and encouraging bio-
philic cities. Biophilic urbanism was presented as an
emerging planning and urban design approach that
aimed to systematically integrate nature into the urban
fabric, igniting the potential to transform barren urban
spaces into places that are restorative and conducive to
life [7, 13]. Biophilic urbanism focuses on ecological sys-
tems and human activities delivered by biophilic inter-
ventions and projects. The main goal of biophilic
urbanism is to improve the connection between urban
dwellers and urban nature and nourish the experience of
nature on a daily basis as an integral part of urban living
[6–8]. In this sense, biophilic design and urbanism delib-
erately facilitate opportunities for urban residents to ex-
perience nature daily [7, 10].
The global shift towards biophilic design continues to

grow. Although the terminology used varies, there are
initiatives in many countries that focus on the role of na-
ture as an essential element of everyday urban life [8].
Recent studies have shown that experiencing nature on
a daily basis supports people’s mental and physical

health [7, 16–19]. Table 1 below outlines the multiple
benefits of biophilic design to the environmental, socio-
psychological and economic aspects of urban life.
Biophilic theorists Stephen Kellert and Elisabeth Calabrese

[10] have formulated a range of biophilic experiences and
attributes (Table 2) to facilitate the application of biophilic
design theory to practice that delivers buildings and urban
spaces that facilitate direct and indirect experiences of nature
for urban dwellers in their daily lives. These experiences and
attributes serve as principles to inform the balanced design
of biophilic urban spaces. Some of these experiences are diffi-
cult to encounter in conventional streets; however, they can
be incorporated into the renewal of conventional streets and
the design of new ones by biophilia-literate designers.
To ensure ongoing exposure to and interaction with

nature, both bond and commitment to place are needed.
In order to achieve these, a design must be founded on a
sound understanding of urban nature and its ecosystems
as well as a sense of place. This is likely to lead to more
frequent interactions between people and nature,
thereby nurturing the bond between them and increas-
ing the likelihood that residents will protect and save
urban green spaces [20]. Some scholars argue that a rela-
tionship to place is needed to develop intimacy and re-
sponsibility for nature and the living world [21, 22].
Streets are an important part of any human settlement
and, hence, this approach will be used to create a Bio-
philic Streets Design Framework presented in this paper.

A brief history of streets
Urban designers, planners and civil engineers have con-
ceived and developed regulatory frameworks for streets
to enable efficiency, security and, most of all, the rapid
conveyancing of traffic, both public and private. How-
ever, the modernist tendency in the twentieth century,
which saw the rise of automobile dependence, created
rigid regulations that focused on efficiency and traffic
control and directly contributed to the detachment of
nature from urban ecologies, bioregions and climate dy-
namics [23]. By creating barriers in the form of dense
networks of freeways and highways, the remaining urban
natural areas became fragmented and isolated, along
with the social neighbourhoods that they physically di-
vided, thus disrupting their social integrity. Such impacts
were built into the design frameworks created by traffic
engineers.
Jane Jacobs challenged these approaches that priori-

tised private mobility over all other street functions and
pointed to the diverse social networks characteristic of
busy urban streets, which constitute the fabric of a city
[3, 24]. Those social networks are created when the
structure and amenities of a street provide space for
interaction and promote walkability. The abundance of
social networks provide opportunity for local businesses
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to thrive; hence, Jacobs was able to construct a theoret-
ical approach to show why streets were essential to a
city’s economy [25, 26]. This has since developed into a
strong plea for dense urbanism and street fabric to be
seen as essential components of how cities create wealth
and opportunity [27–30].
Urban designers, such as Jan Gehl, criticised modernist

planning ideologies and how they dismissed the value of
historic streets by allowing cars to invade every available
space in cities [4, 31]. Through a series of reports on cit-
ies around the world, Gehl created a new framework for
how streets should be designed to facilitate close interac-
tions between people that enable multiple economic and
social benefits and reduce the environmental impact of
cars [31, 32]. Gehl’s framework for urban planners, land-
scape architects and architects reinforces walkability, ac-
tive street frontages and street furniture as integral parts

of city policy [31], to ensure streets are welcoming
spaces in the pattern of daily activities. Table 3 below
shows Gehl’s 12 quality criteria as a framework for this
approach to street design, with an additional column
that shows how biophilic design interventions can enrich
the pedestrian landscape and experience.
Cities are changing from sprawl and car dependency

to transit and more compact urban forms, and so are
their streets. The focus of urban streets is changing from
ensuring traffic movement efficiency to a more people-
centred design that puts pedestrians first, then cyclists
and transit, and lastly private motorised vehicles [33,
34]. Building on Gehl’s work and collaborations among
experts from global cities, the National Association of
City Transportation Officers (NACTO) created the Glo-
bal Street Design Guide [35], which is intended to be a
baseline for urban street design. The Guide aims to

Table 1 Environmental, socio-psychological and economic benefits from biophilic design based on Newman, Beatley and Boyer,
2017

Area of benefit Estimated economic and environmental benefit

Better workplace productivity $2000 per employee per year from daylighting;
$2990 per employee over 4 months when desks angled to view nature.

Improved health and healing $93 million per year in reduced hospital cost if natural features provided in the U.S. hospitals.

Increased retail potential Skylighting in a chain store would result in a 40% sales increase, ±7%.
25% higher sales in vegetated street frontage.

Decreased crime and violence Public housing with greenery had 52% reduction in felonies.
Biophilic landscapes introduced across New York City would save $1.7 billion through crime
reduction.

Increased property values Biophilic buildings attract higher rental prices, 3% per square foot or 7% in effective rents, selling at
prices 16% higher.

Employee attraction Biophilics attract and retain high-quality workers.

Increased liveability in dense areas Green features increase salability of densely built apartment blocks.

Carbon sequestration In Singapore aboveground vegetation sequesters 7.8% of the total emitted daily carbon dioxide
(Velasco et al., 2016).

Reduced urban heat island effect and reduced
energy consumption

Due to shading provided by urban trees, in Los Angeles annual residential air-conditioning (A/C) bills
can be reduced directly by about US$100 million, additional savings of US$70 million in indirect cool-
ing, US$360 million in smog-reduction benefits (Rosenfeld et al., 1998).

Water management and quality Up to 70% of stormwater retention capability, depending of the local climate and other conditions.

Air quality Urban street canyons full of greenery can reduce particulate matter by up to 60% and nitrogen
dioxide by up to 40%.

Biodiversity conservation A study of 115 wildly colonized green roofs in north of France found that 86% of species were
native to the area.

Table 2 Experiences and attributes of biophilic design. Source: Kellert and Calabrese (2015)

Direct experience of nature Indirect experience of nature Experience of space and place

• Light
• Air
• Water
• Plants
• Animals
• Weather
• Natural Landscapes and Ecosystems
• Fire

• Images of Nature
• Natural Colours
• Stimulating Natural Light and Air
• Naturalistic Shapes and Forms
• Evoking Nature
• Information Richness
• Age, Change, and the Patina of Time
• Natural Geometries
• Biomimicry

• Prospect and Refuge
• Organized Complexity
• Integration of Parts to Wholes
• Transitional Spaces
• Mobility and Wayfinding
• Cultural and Ecological Attachment to Place
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better balance the needs of street users (with more em-
phasis on the needs of pedestrians) and supports the cre-
ation of quality spaces based on the consideration of
people and place.
Finally, the concept of biophilic design contributes to

the creation of urban streets with attractive, healthy,
liveable and restorative environments and nature experi-
ences at the door step for both dwellers and other street
users within gradually densifying urban precincts through
urban infill.

Developing a framework for biophilic streets
design
An urban street can be compared to an evolving organ-
ism adapting and responding to its environment. Al-
though cities contain a broad range of street typologies,
depending on the context, they generally provide space
for transportation, commuting, physical activities and
social and economic life at different scales [36]. Traffic
engineers and urban designers often fail to plan streets
that deliver positive social or health-related outcomes.
Reconceiving urban streets as places, rather than just
movement spaces, would facilitate the provision of these
positive outcomes. Furthermore, as the time people

spend in streets compared to the time they spend in
parks is eight to ten times more [37], the design of
streets—to support health and well-being— should be
considered before parks [36, 38].
Streets provide diverse experiences to their users, in-

cluding the experience of nature. Identifying the most
appropriate design strategies to apply to any given street
would need to take into account a range of circum-
stances and requirements particular to that location.
This may include the history of the street, the existing
social, environmental, architectural and structural condi-
tions, existing infrastructure, policies and regulations,
project size, zoning and land use and its potential future
as a place.
Based on the experiences of biophilic places (Table 2)

and their many benefits, a list of the characteristics of a
biophilic street were compiled as an analytical frame-
work of six categories. These categories consider design
functions, design objectives, design elements and the
characteristics of a biophilic street. The six categories—
traffic planning, energy management, stormwater man-
agement, biodiversity management, street furniture and
activities and education—are derived from the intended
purposes for which streets are designed, and chosen

Table 3 Gehl’s 12 quality criteria concerning the pedestrian landscape along with added biophilic design interventions

12 quality criteria concerning the pedestrian landscape (Gehl 2010,p. 239) Biophilic design interventions

Protection Protection against
traffic and accidents
– feeling safe
Protection for
Pedestrians and
cyclists.
Eliminating fear of
traffic.

Protection against
Crime & violence
- feeling secure
Lively public realm.
Eyes on the street.
Overlapping functions
day and night.
Good lighting.

Protection against
Unpleasant sensory
Experiences
Wind.
Rain/snow.
Cold/heat.
Pollution.
Dust, noise, glare.

Vegetated hedges as protection from traffic.
Tree canopy to mitigate weather conditions and
reduce noise
Plant palette designed to capture and retain airborne
particulate matter
Dynamic & diffuse lighting provided by tree and
shrub planting, and water features;
Mobile structures such as ‘CityTree’ and Mobile Forest,
Pop-up parklets

Comfort Opportunities to walk
Room for walking.
No obstacles.
Good surfaces.
Accessibility for
everyone.
Interesting facades.

Opprtunities to stand/stay
Edge effect/attractive
zones for standing/
staying.
Support for standing.

Opportunities to sit
Zones for sitting.
Utilising advantages: view,
sun, people.
Good places to sit.
Benches for resting.

Tree canopies
Vegetated walk paths.
Vertical gardens (creepers or green walls).
Natural materials. Naturalistic shapes and forms
(facades and pavements).
Urban furniture integrated with plant beds, vertical
gardens, water features.
Creating interesting views with greeneries.
Using vegetated hedges to create noise buffers/
intimate spaces/exercise and play spaces.
Biophilic structures such as parklets, ‘CityTree’, Green
bus stop shelters

Opportunities to see
Reasonable viewing
distances.
Unhindered sightlines.
Interesting views.
Lighting (when dark).

Opportunities to talk and
listen
Low noise level.
Street furniture that
provides ‘talkscapes’.

Opportunities for play and
exercise
Invitations for creativity,
physical activity, exercise
and play.
By day and night.
In summer and winter.

Delight Scale
Building and spaces
designed to human
scale.

Opportunities to enjoy
the positive aspects of
climate
Sun/shade
Heat/coolness
Breeze

Positive sensory experiences
Good design and detailing.
Good materials.
Fine views.
Trees, plants, water.

Well-designed public green spaces to fit different age
groups needs and expectations.
Plant selection according to climate, soil, seasons to
maximise sensory and aesthetic experiences.
Use greeneries to (re) create human scale.
Public art
Mobile and temporary structures such as parklets,
pop-up gardens, ‘CityTree’, Mobile Forest, Green bus
shelters
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because of their potential to be improved by the addition
of biophilic elements. Elements that have been success-
fully designed, developed and applied in real-life projects
form the base for a biophilic street. The proposed
Framework is set out in Table 4 below, followed by an
explanation of each category. It is then applied to four
examples of a street revitalisation project to illustrate its
usefulness.

Mobility planning
A street often serves as a front yard for residents; it
must, therefore, provide a safe place to move around,
whether by car, bicycle, transit or on foot. However,
used only for transportation, a street loses its relevant
social and economic functions, such as providing a safe
space for interaction, as identified by Jacobs [3, 26] and
Gehl [5]. In the wake of the urban renewal movement,

many cities are restoring or redesigning their main
streets and boulevards to serve as linear parks and other
types of hospitable public places promoting social inter-
action and walking. As a result, the most successful
transformations add value to adjacent properties and
local businesses [39]. The Biophilic Streets Framework
takes these fundamental characteristics of streets and
seeks to show that there are biophilic design principles
and strategies that could help streets perform these
functions more effectively.
To achieve safety standards on biophilic streets, traffic

calming schemes should apply, including techniques de-
signed to lessen the impact of traffic. Trees and bushes
are well known to do this by psychologically giving
drivers a sense of needing to go slower [40]. The loca-
tion of measures and devices (including types of vegeta-
tion) determines the effectiveness of traffic calming

Table 4 Framework for biophilic streets design

Framework functions and objectives Biophilic design elements

Design
functions

Selected design objectives Building façades Road reserves Pocket parks

Traffic
planning

Creating space for biophilic
designs by redesigning traffic
lanes, traffic calming schemes,
reducing lanes, prioritizing
pedestrians, transit and bicycle
lanes and providing pocket parks.

Integrating vertical
greenery into and onto
buildings, such as green
walls, green balconies,
planter boxes; green roofs.

Integrating native gardens, edible
gardens, nature playgrounds and
other biophilic features on
verges, median strips, round-
about, ‘ramblas’, green bridges
and flyovers, buffers between
roads and cycling and/or pedes-
trian paths.

Integrating native gardens, edible
gardens, nature playgrounds,
water features, habitats for birds,
insects and small animals, street
furniture and amenities in
median strips, ‘ramblas’,
roundabouts, vacant lots, plazas,
spaces between buildings.

Energy
management

Cooling streets for walking,
reducing urban heat island effect
and saving energy through
insulating buildings.

Green walls, roofs, and
balconies to provide
thermal insulation; cooling
(evapotranspiration); air
purification; relaxation.
Combination of green
roofs and solar panels.

Tree canopies that shade
pedestrians as well as shading
buildings.

Pocket parks can be built around
all three energy management
ideas.

Stormwater
management

Water retention, purification, and
reuse.

Green walls, green roofs,
green balconies that filter
rain.

Street trees, tree pits, linear
gardens, bioswales, rain gardens,
daylighted streams.

Rainwater tanks, pervious
pavements.

Biodiversity
management

Biodiversity enhancement,
restoration, creation of various
habitat sizes and types that
enable regeneration of urban
ecosystems.

Green walls, green roofs,
green balconies.

Street trees, tree pits, linear
gardens, bioswales, rain gardens,
daylighting streams.

Plant beds, potted shrubs and
trees, green walls, water features.

Street
furniture

Incorporating biophilics into
every small function in the street,
including seats, signs, bus
shelters, street art.

Street art combined with
filtration systems to
conduct runoff from green
roofs.

Parklets
Green roofs on top of bus and
transit shelters.
Street art combined with
filtration systems.
‘City trees’ installation to facilitate
air purification.
Vertical pallet edible gardens.

Urban furniture to support
natural systems.
Green roofs on top of bus and
transit shelters.
Street art combined with
filtration systems.
‘City trees’ installation to facilitate
air purification.
Vertical pallet edible gardens.

Activity and
education

Enabling both activity that uses
street functions and
understanding of how nature fits
into the city as well as the social
and cultural value of the street.

Tourist and visitor
information in streets
explaining biophilic
facades.

Integrated street furniture with
green features explained.
Educational features –
information plates, educational
stations; activity points (smart
play equipment, art installations,
water features).

Integrated street furniture with
green features explained.
Educational features –
information plates, educational
stations; activity points (smart
play equipment, art installations,
water features).
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schemes, and those again depend on the type of streets
they are introduced on: a residential road, a road with
traffic functions or a transit road having a combination
of speeds that enable rapid mobility (between stations)
and slow mobility (within station precincts). These are
within the purview of traffic engineering and planning,
where concepts of place and movement and melding.
An example of traffic calming structures featuring

engineered stormwater gardens are chicanes [41, 42].
These structures slow traffic by confining the travel
lanes. They also feature depressed interiors capturing
stormwater which feed garden beds, shrubs and trees
creating biophilic systems. Chicanes can be formed using
sculpture, plantings or parking to enhance the appear-
ance and function of a street. They are best used on nar-
row roads, to prevent cars from swinging out to
maintain their speed around the bends; narrow, curving
roads encourage motorists to drive more slowly and
carefully [43].

Energy management
Energy management in urban streets serves multiple
functions: helping to cool a city where urban heat island
effect is leading to ill health; making walkability easier
and hence improving urban economics in the area; and
helping to cool the buildings next to the street. In mul-
tiple studies, urban greenery has shown cooling capabil-
ities [44–46]. Parks lower the air temperature within
their territory, but the impact on the adjacent built en-
vironment is limited [47]. Urban tree canopy provides a
cooling effect in street canyons [48, 49]; some studies
show air temperature under a canopy are reduced by
0.7–1.3 degrees Celsius in the early afternoon [50]. The
cooling capacity of a tree canopy depends on its charac-
teristics, as well as the characteristics of the street such
as surface materials, geometry, building height and how
densely the street is built up. However, at night time the
air temperature under the canopy, where the radiating
heat is captured, can be 0.5 degrees Celsius higher than
in an open space reference point [46].
Biophilic structures installed directly onto buildings

include green walls and roofs. By introducing such struc-
tures, the air temperature in street canyons can be re-
duced as well as the demand for cooling and heating of
buildings. A multi-case study by Alexandri and Jones
[51] was conducted in nine cities to assess the thermal
effect of green walls and roofs in urban canyons across
different microclimates. The authors concluded that the
solar radiation absorbed by the roof and facade surface
was reduced by applying greenery, and that the heat
fluxes vary on different vegetated surfaces and in differ-
ent microclimates. The outdoor air temperature and en-
ergy savings were measured in nine cities. In Hong Kong
the analysis of canyon air temperature showed a

decrease by a maximum of 3.9 degrees Celsius, while in
hot and arid Riyadh the maximum flux was 18.7 degrees
Celsius on the green wall surface. Roof surface tempera-
tures are even more significant. In Mumbai the
temperature decreased by 26.1 degrees Celsius and in
London the maximum decrease was 19.3 degrees when
comparing unvegetated and vegetated rooftops.

Stormwater management
Cities feature vast amounts of impervious surfaces pro-
ducing significant run-off that needs to be managed.
Green infrastructure has been found to retain most of
the polluted initial run-off through bio-retention and
bio-filtration. Through these two processes, rain water
can be permanently retained or temporarily detained.
Captured stormwater contributes to groundwater re-
charge and helps sustain the whole water cycle [36]. Bio-
philic urbanism not only picks up all these design
features, it adds more.
In recent years, biophilic designers have transformed

one of the largest impervious areas—roof tops—into in-
tensive and extensive gardens and meadows [52, 53],
creating efficient stormwater management systems [54].
Stovin [55] tested green-roof stormwater retention on a
small-scale trial and found that the retention capacity
was on average 34, and 57% of peak flow run-off.
In another study led by Kew [53], rainfall was shown

to have little or no impact on the green wall. Most of
the rainfall was blocked by the gutters integrated into
the system. In order to improve the efficiency of the
green roof and wall systems, the run-off from the roof
was collected into cisterns and then used to irrigate the
green walls with drip irrigation. Green walls do not dir-
ectly collect significant amounts of precipitation; how-
ever, they are often used to control first stormwater
flush. The efficiency of a particular system does not only
depend on technological advancement, but also on cli-
matic conditions and the vegetation and growing
medium as well as whether the green wall is facing the
main weather fronts [56].
Thus, a green roof can be considered an alternative to

a conventional stormwater management system and be-
come integrated into the concept of a biophilic street. In
an urban setting, a total facade area usually exceeds a
roof area; thus, a well-designed green wall could become
part of the green-roof stormwater system if that is a de-
sired outcome. With more competition for ground verti-
cal surfaces in urbanised areas, the potential of rooftops
and vertical surfaces for stormwater management is sig-
nificant. The success of green roof and green wall storm-
water management can be measured by the increasing
number of municipalities, developers, and individuals
undertaking this first flush control [53]. A biophilic
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street can thus become part of a whole new stormwater
management system.

Biodiversity management
Efforts to preserve global biodiversity are frequently
centred on saving large remaining natural habitats [57].
However, several studies on urban greenery provide data
on biodiversity in parks, gardens, squares, streets and
other places where flora and fauna can be found. Urban
parks offer refuge to native biota [58] and urban streets
also have the ability to support biodiversity [58, 59] by
providing food, shelter and breeding sites and facilitating
the movement of wildlife.
Significant percentages of animal and plant species, in-

cluding endangered species, inhabit urban forests. For
example, highly urbanised environments have been
found to accommodate 20% of the world’s avian bio-
diversity [60]. A study by Threfall [59] showed a strong
connection between understorey vegetation and native
bird species in Melbourne, Australia.
Innovative structures like green walls and roofs are

popular sustainable design interventions due to their abil-
ity to cool the building envelope and create aesthetically
pleasing facades. However, the structure of a biophilic
street with large variations in the height of different vege-
tation types on various buildings and in the street itself,
should support biodiversity in cities at a landscape scale.
The design detail of a biophilic street could be used to en-
able a range of biodiversity goals, for example, by acting as
a corridor to facilitate movement [61]. At a local scale,
vertical greening systems can be used as means to improve
the environmental conditions, with even simple flora as-
semblages providing habitat for invertebrates [62] as well
as nesting, food and shelter resources for urban ornithol-
ogy [62, 63]. The size of impact on biodiversity from such
biophilic street structures is yet to be ascertained, though
undoubtedly the plant species introduced will influence
the richness of animal species. Whether this could support
urban ecological restoration has not been researched at a
significant scale [64].
In a study undertaken in Staffordshire, United King-

dom, a number of bird species of conservation concern
were reported exploiting and nesting in some newly cre-
ated green walls and their immediate surroundings [65].
The researchers concluded that encouraging home-
owners and businesses to install green walls could be an
effective way of providing habitat and resources for birds
in an urban environment. This also highlights an im-
portant opportunity for urban open space designers and
managers to make a positive impact on biodiversity
through relatively small and cost-effective improvements
in vegetation quality by creating more biophilic streets.
In a study of bio-retention swales undertaken in

Australia, researchers observed that the swales presented

greater richness and diversity of species than gardens
and lawn-type green spaces. Bio-retention swales are
vegetated water sensitive urban design (WSUD) struc-
tures built to support more sustainable urban infrastruc-
ture [66]. This system is increasing in popularity and
replacing customarily vegetated areas of streetscapes
with sustainable natural assets [67]. It is likely to become
a more mainstream design outcome, however, if part of
a biophilic street.

Street furniture
The design innovations outlined above comprise build-
ing biophilic elements along street spaces and on facades
of buildings for a range of reasons. This section focuses
on the potential of street furniture, an important elem-
ent of every street, to fulfil a biophilic function in
addition to its usual function.
Urban street furniture is designed and integrated into

streets for a range of reasons but rarely for purposes re-
lated to biophilic urbanism. This is possible to achieve
and likely to work best if its biophilic potential is incor-
porated into a design from the beginning rather than
added after other elements have been considered or are
in place. Bus shelters, bicycle stands, street art, play in-
stallations and benches have been used in several major
cities to support native flora and fauna, facilitate habita-
tion for wildlife and provide various other ecosystem
services. So it is possible to add this dimension to a bio-
philic street.
Maynard Green Street in Seattle, United States, is an

example of harnessing urban street furniture to support
natural systems. The street was refurbished in 2010 as
part of Seattle’s Green Street program, which was estab-
lished to enhance open space and pedestrian circulation.
Combining public art with a water filtration system, the
Maynard project incorporates rooftop run-off that enters
a cistern before flowing down the custom-designed
planters. The planters also function as benches for pe-
destrians ascending and descending the steep street [68].
Another example of innovative street furniture is the

CityTree designed by a German start-up, Green City So-
lutions [69, 70]. Their key aim was to build a street fur-
niture element able to provide air-purifying solutions in
a man-made ecosystem. The structure consists of bio-
logically engineered moss and vascular plant species
grown using a green wall system. Rainwater is gathered
and recycled through the system while irrigating the
plants. The efficiency of this street furniture still needs
to be tested and proven in multiple locations. However,
the company claims that a single CityTree is capable of
combating air pollutants as effectively as 275 urban trees
at 5% of the cost and requiring 99% less space. They also
claim that a single CityTree has the ability to reduce air
pollution by 30% within a 164-ft radius. So far, the
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CityTree has been tested in several large cities across the
globe: Berlin, Paris, Glasgow, Oslo and Brussels [69].
Bus shelters have been included in greening projects

in many cities. Green shelter prototypes have been cre-
ated to provide more inviting and enjoyable experiences
while addressing the needs of transit waiting areas. Trials
have highlighted the benefits of integrating biophilic de-
sign and sustainable transit to lessen the environmental
impact of climate change.
The Living Bus Shelter in Minneapolis, United States,

was an initiative between the Minneapolis Downtown Im-
provement District and Metro Transit. The structure was
comprised of vertical pallet gardens containing a variety of
edible plants. After the installation, commuters were en-
couraged to explore the plants by touching, smelling, tast-
ing or even taking them home. The data, which emerged
in a survey, showed improved transit user experience. All
respondents gave positive answers when asked whether
they favoured the incorporation of greenery into the shel-
ter. The aesthetic character of the installation was rated
nine out of ten and users generally expressed enthusiasm
about the greenery and suggested increasing the volume.
In the end, 65% of respondents gave the green light to the
local authorities to continue reimagining transit shelters
through green installations [71].
Other cities, such as San Francisco and Philadelphia in

the United States, Sheffield in the United Kingdom, and
Eindhoven in Germany, introduced similar programs of
greening their transit shelters. The local authorities
intended to provide an attractive green space in the un-
conventional location of concrete dominated urban
space. Vegetated roof installations on a bus shelter in
Philadelphia aimed to raise awareness about urban
stormwater management [72]. In Eindhoven, bus shelter
design aspired to perfect integration with the existing
city fabric. The green bus stop design was selected
through a competition organised by the council [73].
Vegetation installed on public transport shelters is con-
sidered to be in a prime position to filter contamination
and particulate matter from transport vehicles [35].
These initial attempts to green bus shelters successfully
captured the imaginations of city inhabitants while pro-
moting sustainable and feasible innovations.

Activity and education
Gehl Architects identify three types of activities that
occur in urban environments: necessary, optional and
social activities. Optional activities depend on the quality
of a place; the more attractive a place is, the more often
pedestrians choose to stroll, play, sit and eat there. The
design features of biophilic streets should encourage
these optional activities, facilitate community and
reinforce the identity of a neighbourhood. The best exe-
cuted biophilic streets will therefore be full of nature,

bringing more people outside and into shared activities.
An intense mixture of uses also makes streets safer [5].
When streets function well on an everyday level of

biophilic experience, they provide opportunities for ac-
tivities like teaching, learning and entertainment. Wider
streets, like boulevards, provide opportunities for enter-
tainment such as play equipment, art installations, water
fountains, games and other foci for social interactions. A
good example is found in Montreal, Canada, where a
lifeless median of Promenade des Artistes has been
transformed into an active space as part of a biophilic
street regeneration. Twenty-one multi-coloured, musical
swings were installed in order to foster play and social
interaction between pedestrians of all ages and back-
grounds [74].
Environmental agencies and local councils encourage

communities to engage in the renewal and enhancement
of urban nature. In 2015, The Environmental Protection
Authority (EPA) in South Australia launched the Rain
Garden 500 program [75], through which local councils
and community groups can apply for funding to build
rain gardens. The program helps to improve the quality
of stormwater run-off. Another purpose is to educate
communities and school children about the impact resi-
dents may have on the quality of urban waterways. In-
formation plaques were installed to spread knowledge
about the importance of water harvesting projects. Thus,
design elements that enable activities and education in a
biophilic street are part of the Framework presented in
this paper.
The five characteristics of a street that lend themselves

to the application of biophilic design elements, as out-
lined above and in Table 4, will now be discussed in re-
lation to four examples of a street revitalisation project
to determine how effectively the proposed Biophilic
Streets Design Framework can contribute to creating
more biophilic cities with multiple urban benefits.

Potential issues and trade-offs
Potential benefits of the biophilic streets have been pre-
sented; however, it is also necessary to address potential
issues and trade-offs associated with the proposed con-
cept. Some issues may include a high initial cost of con-
struction, high cost of maintenance and limited on-
street parking due to the expansion of green infrastruc-
ture within street medians. A higher concentration of
plants (native or edible) or rain gardens may produce
higher amounts of organic litter, which may become a
nuisance to some pedestrians. However, the changing
seasons and patina of time—the two biophilic experi-
ences—are achieved, enriching and improving the overall
biophilic experience.
Green infrastructure within street medians may gener-

ate higher maintenance costs. For example, the
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maintenance of green walls and roofs extend the area of
greenery expected in conventional streets, which may re-
sult in additional costs.
The maintenance costs could be shared between the

local authority and the residents (private and commer-
cial) of a biophilic street. A successful maintenance shar-
ing program can be found in Portland, Oregon. The
Green Street Stewards were volunteers who were re-
sponsible for occasional removal of sediments, collection
of organic matter and rubbish from the planters and
watering [76]. By facilitating the stewardship program,
the city helped to create bonds between the residents
and the local urban nature, at the same time reducing
the cost of maintaining the streets.
Research into costs and benefits of selected street ele-

ments, such as trees, can be found in the scientific litera-
ture [77, 78]; however, a biophilic street—as a green
infrastructure project—would require a holistic eco-
nomic analysis to prove the feasibility of a proposed de-
sign scheme.

Analysis of the selected streets
Four illustrative examples of a street revitalisation pro-
ject were selected for analysis through the lens of the
proposed Biophilic Streets Framework: a former urban
highway in Vitoria-Gasteiz, Spain; the streets renewal
project in Downtown Berkeley and SW Montgomery
Green Street in Portland, United States; and the Green
your Lane project in Melbourne, Australia. The selected
streets serve as examples of a diverse approach to street
design using multiple tools and strategies to achieve high
performing biophilic public spaces. They represent dif-
ferent types of biophilic streets in terms of their hier-
archy and their functions. Their biophilic street features
are summarised in Table 5 using each of the Frame-
work’s six design characteristics.

Gasteiz Hiribidea in Vitoria-Gasteiz, Spain
Vitoria-Gasteiz, the capital city of the Basque Country,
has been committed to the principles of sustainable
urban development for many years. In 2013, Vitoria-
Gasteiz joined the league of biophilic cities with a show-
case of successful projects and interventions fulfilling the
biophilic urbanism agenda [7, 8]. The urban greenery of
Vitoria-Gasteiz features 50,000 plants composed of 381
species of trees and shrubs, including tree-lined streets
and avenues connecting urban biodiversity [79]. One of
the main roads, Gasteiz Hiribidea, underwent a major
revitalisation and became an example of good practice
for other cities to follow. In the past, the street was an
eight-lane highway, but after a major redesign, it now
features a naturalised stream and an abundance of
greenery including trees, a grassed tram line, two cycle
tracks and broad sidewalks. The naturalised stream,

which was once channelled under the streets, now runs
along the pavement. It features native aquatic and ripar-
ian vegetation bordered by a reinforced embankment.
The stream provides habitat to small animals for feeding,
breeding and shelter, enhancing local urban biodiver-
sity (Fig. 1). Together with the large green envelope of
the Palace of Europe, the stream creates a biodiversity
hotspot in the city centre providing habitat to over 70
species of butterflies [7]. Flowering perennials and an-
nuals create a vertical botanical garden which also serves
as an educational centre bringing local nature closer to
city dwellers. The street, which once had no room for
nature, now abounds with it and its natural processes
are available to observe and interact with it on a daily
basis. This revitalisation project reinforces the cultural
value of the place while also promoting environmental
awareness by building a relationship between citizens
and nature.
So far, the City of Vitoria-Gasteiz has developed a plan

for improving bio-capacity, biodiversity and urban land-
scape. The most important project is the creation of an
external and internal green belt and the activation of the
potential of urban green spaces connected by a network
of green and biophilic streets, avenues, wooded garden
walks and urban trails. The connection between innova-
tive biophilic structures and traditional greenery secures
the effectiveness of the urban green network to perform
ecological functions and increase biodiversity in the city.
The biophilic street in Vitoria-Gasteiz is emerging as a
major part of the city’s biophilic urbanism.

Downtown Berkeley, United States
The aim of the streets renewal project in Downtown
Berkeley was to provide the usual functions of a street,
but to add ecological features in an innovative way on a
limited budget. In 2012, the City of Berkeley issued The
Street & Open Space Improvement Plan (SOSIP) to
present a shared vision for the future of Downtown
Berkeley’s public realm (Fig. 2) [80]. The revitalisation
project included Shattuck Avenue and Park Blocks, Shat-
tuck Square, University Avenue, Centre Street Plaza,
Greenway, Hearst Street and Ohlone Greenway. A num-
ber of sustainability goals were established featuring bio-
philic attributes and experiences. The main objectives of
the major projects were walkability, place-making, public
life, sustainability, health and comfort. To achieve these
a community engagement process was undertaken [6].
The strategies employed in the Downtown project

were to create a more vibrant, attractive and memor-
able destination. The information gathered during
community consultations informed the focus of the
project: public life and the provision of space for a
myriad of activities—social, cultural and business—en-
gaging all residents and visitors. The leading
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aspiration was to establish public green open spaces
for residents of different ages and abilities. To meet
the objectives, the city established the design criteria,
which required all the design features to be used

consistently along the nominated streets reflecting
traditional character compatible with Downtown his-
toric assets. As a result, all place-making amenities,
including public art, were expected to provide a sense

Table 5 Application of the framework for biophilic streets design in four analysed street projects

Functions of
a biophilic
street

Biophilic design elements applied to analysed street projects

Gasteiz Hiribidea, Vitoria-Gasteiz,
Basque Country, Spain

Downtown in Berkeley, California,
USA

SW Montgomery Street,
Portland, Oregon, USA

Green Lanes, Melbourne, Victoria,
Australia

Traffic
planning

- prioritizing pedestrians and
cyclists;

- enhancing facilities for transit;
- slowing traffic.

- prioritizing pedestrians and
cyclists;

- enhancing walkability standards;
- reducing existing traffic lanes;
- lowered traffic speed.

- prioritizing pedestrians
and cyclist (kerb-less
paving);

- narrowing existing
traffic lanes;

- lowered traffic speed;
- sections of the street
closed to traffic.

- limited traffic (local only)
- shared space between
pedestrian and vehicles.

Energy
management

- energy reduction due to
ecological runoff treatment;

- insulation capabilities of green
walls and roofs systems;

- heat island effect mitigation by
tree canopies, landscaping and
waterbodies.

- energy reduction due to
ecological runoff treatment;

- insulation capabilities of green
walls and roofs systems;

- heat island effect mitigation by
tree canopies, landscaping and
waterbodies.

- energy reduction due
to ecological runoff
treatment;

- insulation capabilities
of green walls and
roofs systems;

- air temperature
regulation through
landscaping.

- energy reduction through ‘green
insulation’;

- heat island effect mitigation
through landscaping and
miniature raingardens.

Storm water
management

- retention in underground
cisterns;

- Infiltration via permeable
surfaces

- purification using bio-filters
(plants);

- recycling via green wall and roof
systems;

- bio-filtration through daylighted
stream.

- retention in underground
cisterns;

- Infiltration via permeable
surfaces;

- retention and bio-filtration
through swales, raingardens;

- purification using bio-filters
(plants);

- recycling via green wall and roof
systems;

- bio-filtration through daylighted
stream.

- Infiltration via
permeable surfaces;

- retention and bio-
filtration through
stormwater planters
and raingardens;

- purification using bio-
filters (plants);

- recycling via green
wall and roof systems.

- Infiltration via permeable
surfaces;

- retention and bio-filtration
through raingardens;

- recycling via green wall systems.

Biodiversity
management

- green walls, roof and living
stream designed for biodiversity
enhancement and ecological
restoration;

- daylighted and restored stream
with riparian plants provide
habitats for wildlife and facilitate
species migration.

- green walls designed for
biodiversity enhancement and
ecological restoration;

- daylighted and restored stream
with riparian plants provide
habitats for wildlife and facilitate
species migration.

- green walls designed
for biodiversity
enhancement and
ecological restoration;

- use of native species
- green corridors
connect fragmented
green areas;

- raingardens provide
habitat for wildlife.

- green walls, planters, miniature
raingardens designed for
biodiversity enhancement and
ecological restoration;

- habitats for wildlife and facilitate
species migration.

Street
furniture

- integrated street furniture; tree
pits and sittings expressing
ecological sensitivity;

- parklets in parking spaces;
- natural buffer between sidewalks
and traffic;

- public art supporting
environmental awareness;

- permeable paving facilitating
rainwater infiltration.

- green wall and roof
systems;

- permeable paving
facilitating rainwater
infiltration.

- planter-boxes with irrigation
systems;

- green wall system hanging
baskets and miniature
raingardens;

- permeable paving facilitating
rainwater infiltration.

Activity and
education

- activity features for kids:
sculptures, water features;

- informative design of green walls
and roofs;

- interpretive plates and signs;
- exposed ecological systems.

- interactive play equipment;
- interpretive plates and signs;
- exposed ecological systems;
- parklets and temporary
installations.

- interpretive plates and
signs;

- exposed ecological
systems;

- green infrastructure
serves educational and
research purposes;

- activation of
shopfronts supports
community living.

- green infrastructure serves
educational and research
purposes.
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of place and evoke local heritage values as well as
exhibiting biophilic features.
The biophilic elements included temporary planted in-

stallations, such as parklets in parking spaces, to improve
and promote pedestrian-oriented activities rather than
car use. Parklets help to raise awareness of local nature
if their ecological design underpins the concept. Their
presence may also lead to the reconsideration of the
public realm; parklets could become permanent features
evoking a biophilic sense of place.
To achieve the walkable city standards, the city

council considered improvements supporting car-free
living. One of the solutions was to provide more ac-
cessible transit options. To make streets more invit-
ing and attractive, the traffic lane widths were
reduced, the sidewalks were widened and bicycle
lanes were introduced. The biophilic element was to
provide extra space for landscaping buffers between
pedestrians and traffic.
Bio-retention swales and rain gardens with riparian

landscaping were used in some streets to treat rainwater
run-off, thereby improving watershed conditions. The
program also included daylighting of Strawberry Creek
between Shattuck Square and BART Plaza. Daylighting
the creek provided another opportunity to educate the
residents about the ecological and biophilic values of
natural waterbodies in the urban environment.
Living walls and roofs installed on the buildings bor-

dering the streets provided green infrastructure services
and served as aesthetic features enhancing the image of
Downtown as an eco-destination. Accessible educational
and recreational features in the form of interpretive
plates, boards and interactive play equipment were in-
cluded to educate people about natural systems and
their ecological and economic values.

The local government initiated the Downtown revital-
isation project which aimed at creating an Art and The-
atre District. The funds to finance the public art projects
came from many sources – certificates of participation,
bond funds, capital, and federal transportation funds.
Additionally, the town representatives were also able to
secure private funds by consulting the local property and
business owners. The money raised to be invested in
public art was partially used to revitalise the local streets.
Another important source of funding came from the
earthquake retrofit bond launched in 1996, which added
$4 million for enhancing the streetscapes. As a result,
the revitalisation of the Downtown project delivered
many biophilic elements to the streets and created at-
tractive, walkable restorative public spaces [81].

SW Montgomery street in Portland, United States
In 2004, Portland City Council approved the Green
Street Policy Goals program through which they com-
mitted to promote and incorporate the use of green
street facilities in public and private development. One
of the first streets to undergo green transformation was
SW Montgomery Street. The changes demonstrated an
emerging new urban street design approach. This multi-
sectional revitalisation project incorporated strategically
designed green infrastructure and public transportation.
SW Montgomery Street is considered to be Portland’s
boldest and most innovative green street project and has
received national and international recognition [82]. The
main planning strategy was to activate the neighbour-
hood, build community culture, enhance the pedestrian
experience and showcase the sustainability agenda in the
downtown area of the city. The concept applied, which
included substantial biophilic street elements, was to be-
come a new place-making model for other downtown

Fig. 1 Living stream opposite the Palace of Europe in Vitoria-Gasteiz, Spain. Source: Agata Cabanek
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streetscape projects in Portland. Street design goals in-
cluded creating a pedestrian-oriented streetscape that in-
corporated a variety of green infrastructure solutions
such as stormwater planters and swales (Fig. 3), green
walls and roofs, and kerbless street design to offer a var-
iety of sensory experiences throughout the seasons.
The biophilic street concept exemplified by SW Mont-

gomery Street, emphasised pedestrian and bicycle travel
over vehicular access. Bicycle and pedestrian safety be-
came a priority, and in order to achieve it travel lanes
were narrowed, some blocks were closed to through traf-
fic and speed limits were lowered. The biophilic features
could then be added to a kerb-less street with merged
sidewalks that incorporated planting and swales to ab-
sorb stormwater [83].
Stormwater planters and swales also became educational

amenities for the local communities. Since SW Montgom-
ery Green Street runs through the Portland State

University campus, students are encouraged to take part
in monitoring the performance of the green infrastructure.
To facilitate the involvement of local citizens, public edu-
cation about the corridor was incorporated into the design
in the form of interpretive signage.
The project also proposed the installation of green

walls and roofs on new development buildings. Storm-
water from new building facades was directed into the
stormwater planters to demonstrate innovative ways of
stormwater management.
This project demonstrates how a busy urban street

can be re-designed to improve ecological conditions,
foster environmental learning, support community
identity and neighbourhood engagement and maintain
healthy business districts. The street delivers spaces
for public interaction and serves as a transportation
corridor whilst achieving much more because of its
biophilic elements [84].

Fig. 2 SOSIP masterplan and section of street design integrating greeneries and multiple functions
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Green lanes in Melbourne, Australia
The rejuvenation and revival programs of lanes and
alleys have emerged in many cities such as Austin, Chi-
cago, Montreal, San Francisco, Sydney and Melbourne.
Although the programs differ in objectives, there is an in-
creasing use of biophilic elements that enable multiple
extra objectives through ecosystem services, aesthetics and
social life. The example chosen to illustrate this is from
Melbourne.
In 2015, City of Melbourne established the Green Your

Laneway program to encourage the transformation of
Coromandel Place, Guildford Lane, Katherine Place and
Meyers Place (Fig. 4) as replicable exemplars [85, 86]. As a
part of the program, an interactive map was developed to
mark the preselected laneways with strong potential for
green transformation based on their local micro-climatic

conditions and physical qualities. The program involved
strong community engagement to ensure later community
ownership of the transformed lanes.
Four lane typologies were selected: vertical gardens, for-

est lanes, park lanes and farm lanes. In this program,
greening mainly meant planting tough ornamentals and
establishing vegetable gardens to be cultivated by local
residents. Elements such as window boxes, planter boxes
with climbers, hanging baskets and miniature rain gardens
were proposed (Fig. 5). The more spatially-demanding
biophilic design elements involving water were not con-
sidered in the narrow laneways due to site constraints.
The planting strategies were designed to improve bio-

diversity, provide habitat for wildlife, filter pollution
from the air and divert some stormwater run-off despite
the small size of the gardens due to the restricted space.

Fig. 3 SW Montgomery Street. Shared space with stormwater swales. Source: Nevue Ngan Associates

Fig. 4 Meyers Place in Melbourne. Source: https://participate.melbourne.vic.gov.au/greenlaneways
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Other environmental benefits, such as a reduction of
carbon emissions and mitigation of urban heat island ef-
fect through ‘green insulation’, are also expected.
A range of social and economic benefits were pro-

jected by the council. The vision for the revitalisation of
the lanes was to transform them from waste areas to
useable public spaces. The lanes were rejuvenated to
provide pleasant walkways and encourage people to
spend time outdoors and engage in social activities. The
Biophilic Streets Design Framework was almost com-
pletely implemented in terms of biophilic design

elements, showing how much can be achieved in urban
regeneration if these are central considerations in street
rejuvenation or retrofit.
Several economic benefits are expected due to the acti-

vation of the lanes: increase in property values, increase in
useable green outdoor spaces, extended life-span of per-
meable surfaces and savings on heating and cooling [87].
All four analysed examples of a street revitalisation

project show multiple urban benefits which are sum-
marised in Fig. 6. The many additional outcomes that
surpass the usual functions of streets are evident.

Fig. 5 Design concept for Guilford Lane in Melbourne. Source: Source: Agata Cabanek

Fig. 6 The multiple urban benefits of a Biophilic Street
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Cities would derive substantial value from considering
biophilic enhancements in their streets as part of
their future plans.

Conclusions
The Design Framework for Biophilic Streets, developed
through this research, suggests that much more can be
achieved within a city if streets are given biophilic design el-
ements absent in traditional streets. Much can be achieved
by adding the biophilic elements of green walls, green roofs
and green balconies to building envelopes. Considerable
benefit is also possible by adding elements to existing urban
streets and road reserves: tree pits, street trees, linear gar-
dens, pocket parks, bioswales, rain gardens, daylighting
streams, and biophilic elements integrated with street furni-
ture. The value of all of these biophilic features can be en-
hanced by incorporating educational and activity functions
that can be seen and experienced in the street.
The four analysed street examples demonstrate how

biophilic streets can be built in different climates, types
of cities, urban structures, and levels of development. In
the four analysed projects, the streets illustrated most of
the biophilic elements in the Framework, though spatial
limitations in high density urban fabrics do limit most of
the water-oriented biophilic design elements. However,
the majority of the examples were in medium density
areas and were able to demonstrate that biophilic design
elements can be incorporated into streets and create sig-
nificant value outcomes in a multiplicity of economic,
social and environmental ways. The value in humanising
streets has been well established and it should now be
possible to add the design dimensions of biophilic
streets, as set out in the Biophilic Streets Design Frame-
work. This is likely to enable a broader perspective on
the value of streets in cities.
The Biophilic Streets Design Framework could be used

by policy-makers and designers to move from the theoret-
ical and imaginative biophilic urbanism discourse to real-
life projects and urban interventions. When applied in con-
junction with other design strategies and policies, for ex-
ample, water-sensitive, biodiversity-sensitive, regenerative,
resilient or ecological urban design, the Framework could
help to improve urban infrastructure so it delivers restora-
tive and health-promoting outcomes across any city.
Biophilic urbanism is becoming a major policy area for

delivering tangible benefits to cities and their popula-
tions. This paper has suggested that by transforming
urban streets into biophilic streets it is possible to add
an extra dimension to biophilic urbanism. The biophilic
street concept integrates the ideas advocated by Jane Ja-
cobs and Jan Gehl who have demonstrated that people-
oriented streets contribute to a community’s economic
and social enhancement by integrating environmental
approaches into the functional design of streets.

Future research is needed to monitor and quantify the
performance of biophilic streets in addressing the adverse
effects of climate change, environmental degradation and
biodiversity loss; as well as how it can be cost-effective.
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Abstract: The main purpose of this paper is to demonstrate how the old modernist engineering
technologies, such as single purpose stormwater infiltration basins, can be transformed into quality
environments that integrate ecological and social functions and promote multiple sets of outcomes, in-
cluding biodiversity restoration, water management, and cultural and recreational purposes, among
other urban roles. Using the principles and theories of biophilic urbanism, regenerative design,
and qualitative inquiry, this article analyzes and discusses the actors, drivers, strategies, constraints,
and values motivating the stakeholders to reinvent Perth’s stormwater infrastructure through two
local case studies. The “WGV sump park” was developed through a public-private partnership,
including professional consultants with community input, and the “Green Swing sump garden” was
an owner-builder community-driven project involving volunteers, who maintain it. The results of
this research suggest that both projects are successful at managing stormwater in a way that creates
multiple community and biodiversity benefits. Communities could gain improved access to nature,
social interaction, health, and well-being if local governments support these alternative approaches
to regenerate underutilized stormwater infrastructure by promoting biophilic interventions. Main-
streaming this design approach identified some issues that may arise during the implementation
of this biophilic urban approach, and the paper suggests ways to enhance the wider delivery of
regenerative and biophilic design into urban planning, involving volunteer delivery and maintenance
for small scale projects and fully professional assessments for large scale projects.

Keywords: biodiversity; biophilic design; regenerative design; stormwater management

1. Introduction

Urban life is being increasingly affected by rising temperatures, variances in rainfall
rates, and more frequent natural disasters, such as floods, droughts, and fires [1,2]. These
issues impact not only human populations but also natural environments, resulting in loss
of biodiversity. There is an urgent need to develop strategies that enhance urban livability
while promoting ecological restoration and preservation. Integrating nature into cities is
not only beneficial to maintain biodiversity but also ensures the multiple health benefits
that nature provides to humans. Quality green spaces and biophilic places are known to
enhance human health and well-being, provide ecosystem services [3,4] and show positive,
measurable effects of human interaction with biota in urban environments [5–8].

Such an approach to natural systems in urban areas is applied in this paper to the
practice of urban stormwater management. Stormwater management, like other aspects of
urban planning and infrastructure provision from the 1940s, is subject to modernist ideals
of uniform engineering that have little concern for the local place history, heritage, and
biodiversity [9,10]. In Perth, the result was an approach that created uniform sumps that
were fenced off and served only a simple function of stormwater management. Two such
sumps that have been through a regenerative process are examined to see whether their
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goals have been achieved of biodiversity regeneration and local community benefit, as well
as enabling good stormwater management. As such, it aims to make a comment about the
benefits of regenerative design over modernist design.

The city of Perth, with around 2 million people, is a low-density modern city based on a
coastal sand plain, where stormwater is often managed using Stormwater Infiltration Basins
(SIBs). Metropolitan Perth has a high number of SIBs, including one type locally called “a
sump” (for example, Figure 1). A sump is a local name for an infiltration-retention basin
where the stormwater is retained and allowed to infiltrate into an unconfined superficial
aquifer. Sumps are typically designed as a ‘steeply graded rectangle with an inflow at
their base’ [11] and differ from more contemporary infiltration basins, which may be more
thoughtfully integrated into an amenity landscape and can even include a bio-filtration
function [12]. Sumps are a common landscape feature across metropolitan Perth and
are often required to be fenced because of the potential for rapid stormwater inflow
during heavy rainfall events [13]. Although sumps efficiently perform their function in
urban stormwater infrastructure, they have not been valued for their potential social-
ecological role. This paper seeks to examine two sumps that have been upgraded in Perth
to facilitate their roles in urban biodiversity and local livability, as well as being suitable
for stormwater management. The examples become model interventions for how creative
biophilic initiatives in cities may contribute to the aforementioned goals.

Figure 1. WGV sump prior and after redevelopment. Credit: JBA.

Using the principles and theories of biophilic urbanism and regenerative design, this
article analyzes and discusses two local case studies: the “WGV sump park” in White Gum
Valley and the “Green Swing sump garden” in Lathlain, Western Australia. A framework
was then developed to help understand the actors, drivers, strategies, constraints, and
values motivating the stakeholders to reinvent Perth’s stormwater infrastructure. The
analysis of the case studies aims to identify issues that may arise during the implementation
of biophilic urbanism initiatives and suggest ways to enhance the potential benefit of
integrating concepts of regenerative and biophilic design to urban planning and design.
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1.1. Theoretical Background

Biophilic urbanism and regenerative design approaches serve to reconnect urban
citizens with nature [5,14]. Biophilic interventions facilitate access to nature through the
creation of abundant green environments in cities, between and on buildings, providing
health and wellbeing to their users and residents [5,8,9]. Regenerative design promotes
positive contributions that can heal and improve place conditions, both in their social
and biophysical aspects, keeping the system thriving [15–17]. The regenerative design
approach sees the integration of humans and their activities with other forms of life in a
harmonious and mutually beneficial manner as the core principle in mitigating the threats
to sustainability and as a leading pathway to ‘restoring the inherent regenerative capacity
of natural and social living systems’ [18]. Regenerating open spaces is an appropriate
pathway to making cities and neighborhoods more livable, not only in the physical aspect
but psychologically, as well. It can be achieved by creating biophilic environments that
improve livability through the access to nature in attractive open spaces in local areas of
cities. The biophilic environments can be created by deploying a variety of urban nature-
based solutions, such as pocket parks, community gardens, rainwater gardens, living
streams, and green streets [6,19,20].

The benefits from contact with nature are crucial for human well-being but also
depend on repeated experiences because, to be functional, it has to be nurtured and devel-
oped [7,21,22]. Beatley [6] (p. 154) calls this frequent contact with natural environments ‘a
daily dose of nature’. He explains that biophilic urbanism interventions provide opportu-
nities for fulfilling experiences of nature, creating green urban spaces for easy and frequent
access to nature, and consequently bolstering the reconnection of a city and nature. Besides
the human-centered benefits, biophilic urbanism can contribute to the urban and regional
regeneration of the ecosystems and biodiversity by restoring or creating new habitats for
natural systems [23,24]. As Kellert and Calabrese [19] (p. 11) put it:

‘Multisensory encounters with nature in the built environment can greatly contribute to
comfort, satisfaction, enjoyment, and cognitive performance, and when feasible, should
be encouraged’.

Both biophilic and regenerative design promote an emotional attachment to partic-
ular settings and places, encouraging positive interactions between people, nature, and
their places that enable a sense of belonging to and responsibility for human and natural
communities and their health and wellbeing [25].

Regenerative design seeks to promote conditions that are conducive to life, helping
living systems to recover their capacities of re-organizing and regenerating themselves,
leading to the wider regeneration of built environments and communities [15,26,27]. These
social-ecological approaches to the design of built environments are part of the concept
of regenerative sustainability [16,28,29]. The built environment is seen as feasible to be
restored and regenerated through the implementation of ‘localised ecological design and
engineering practices rooted in the context and its social-ecological narratives’ [28].

The regeneration and repurposing of storm-water infiltration basins or sumps appear
to fit within these social-ecological approaches.

1.2. Location of the Case Studies

Perth is the capital city of Western Australia, with a Mediterranean climate type
along the coast. It is set within an ancient landscape and it is considered a biodiversity
hotspot [30], which is threatened by urban sprawl [9]. Perth is situated on the Swan Coastal
Plain with a groundwater system comprised of two principal aquifers, namely, Gnangara
and Jandakot. Those two mounds provide Perth with potable water and also support a vast
network of lakes and wetlands. The sandy soils of the Coastal Plain are highly permeable
and allow for rapid stormwater infiltration and recharge of the underground aquifers. A
system of soak wells and open drainage sumps enables on-site stormwater infiltration in
metropolitan Perth [12,31] and provides favorable conditions supporting natural habitats
in the urban environment.
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The importance of natural habitats within the urban fabric and nearby regional spaces
has been recognized for most of the city’s history [32,33]. The growing global awareness
of biodiversity issues, for example, the Convention on Biological Diversity (CBD) and the
associated Aichi Target 15, have alerted Perth’s responsible agencies to the implications
that unplanned urban growth poses the ecosystem services’ provision and ecosystem
resilience [34]. However, there has been little or no awareness of the value that is being
lost by neglecting stormwater sumps as opportunities for multifunctional urban green
infrastructure and urban habitat.

1.3. The Sumps—An Overview

Although most of Perth’s sumps are typically under a maintenance program (usually
by local governments), many of them remain an eye-sore to the public and create significant
wasteland, attracting weeds and litter. Local governments can be reluctant to upgrade the
sumps to public green spaces due to their inability to ensure the stormwater function is
maintained and the resulting perception that these sumps are for engineering purposes
rather than local biodiversity and livability [35]. This paper tries to help resolve this
perception by showing that they can be both.

In order to enable a local sump to be upgraded for biodiversity and livability functions,
there is a need for system modification that can enable water infiltration to rapidly occur
during large storms. The typical sump in Figure 1 needs to be upgraded first by ensuring it
has sufficient capacity to handle stormwater. Figure 2 shows what was done in the WGV
sump, but such system modifications depend on the specific hydrological capacity of a
particular sump.

Figure 2. Drainage cells being installed at WGV to ensure adequate drainage function are maintained
prior to landscaping. Credit: DevelopmentWA.

2. Materials and Methods

The case study methodology of qualitative inquiry [36] was used to define an emerging
framework for mainstreaming; it aims to pursue how the actors, drivers, constraints,
strategies, and values motivating stakeholders could reinvent the stormwater basins.

This paper is based on primary and secondary data, collected using a number of
techniques and approaches developed by Francis [37] for landscape architecture case study
research. It is based on document analysis (reports, audio-visual recordings, drawings), site
visits, photographic documentation, an interview with a project leader, and the first-hand
report from a co-author involved in the design of both projects. Using the principles and
theories of biophilic urbanism and regenerative design, the article uncovers the designs
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behind these successful biophilic initiatives and their ability to bring nature into modernist
urban engineering.

The rationale behind this research methodology was that explanatory case studies can
be used to develop a strategic approach to mainstreaming the regeneration of the sumps
within the Perth stormwater system. Both cases presented certain conditions, factors, and
processes that can provide a more in-depth understanding of the issues affecting a broader
intake of biophilic urbanism.

The case studies involved diverse factors in the development of their projects, com-
prising social, environmental, and technological aspects in the strategies that oriented
their processes. However, the effectiveness of the strategies implemented in both case
studies, the WGV sump park and the Green Swing sump garden, needed to be assessed to
consider mainstreaming possibilities that could arise from their work, integrating concepts
of regenerative and biophilic design into urban planning and design.

The diagram in Figure 3 presents the analytical framework components:

Figure 3. Analytical framework using qualitative inquiry. Credit: Authors.

The results for each case study will be presented first to show their ability to reach
both stormwater goals and biodiversity/livability goals at the same time, then they will be
analyzed to see how they could be mainstreamed.

2.1. Actors

Actors refer to the stakeholders, or all parties involved in the development of ideas,
design, development, and implementation of a social-ecological project, in this case. Actors
may be individuals, communities, institutions, local, state of federal governments, govern-
ment agencies, professionals and consultants, industries, and other parties participating in
the project [38,39].
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2.2. Drivers

Social, economic, and environmental tenets are drivers supporting the strategies and
actions behind the case studies, according to their scale, budget, and scope of intervention.
In this context, biophilic urbanism and regenerative design are social-ecological tenets that
are part of the concept of regenerative sustainability [29]. The built environment is seen as
feasible to be restored and regenerated through the implementation of ecological design
and engineering practices that are drivers in this project [16,28,29].

Social drivers involve the need to reconnect humans and nature through encouraging
and facilitating human relational approaches between humans and other living organisms
in urban settings, in this case. Regarding design application, this can be implemented in
three main ways: (a) literal connection through direct relation to natural features, such as
outdoors spaces, use of natural materials, vegetation, and water; (b) facsimile connection,
by using nature imagery in forms, shapes, and materials; and (c) evocative connections
using qualities and attributes of nature in design [5,7,21].

Economic drivers entail short- and long-term cost-benefit aspects, according to the
complexity of needs and resources, budgetary availability, stakeholders’ interests, and ben-
efits expected from the mainstreaming of biophilic regeneration of sumps at neighborhood
and future city scales. Another way for economic drivers to be considered is through the
value uplift of property shown to be associated with biophilic urbanism, which brings
economic value to a whole region of the city [40].

Environmental drivers relate to the restoration and re-establishing of the capacity of
living systems to regenerate themselves, e.g., the restoration of damaged ecosystem services.
Humans play a significant role in regenerating the healthy conditions of an ecosystem
by creating an integral interconnection that promotes a mutually beneficial relationship
between cities and their bioregions [16,23,26]. There are multiple other ways that local
biophilic urbanism, such as the sumps, which are examined in this paper, contribute to
urban improvements: greening public spaces, increasing local biodiversity, improving
circular economy outcomes, and reduction of the urban heat island effect.

2.3. Strategies

Social-ecological approaches to the built environment promote design and develop-
ment strategies to enable actions aiming to restore and enhance existing and potential
conditions of a place, in both its biophysical and cultural aspects. Human activities have to
be planned in a way that provides for and are provided by the systems where they take
place by aligning human communities and economic activities with a place’s capacity to
support life [16,26].

This perspective implies a new role for designers and a design process that reflects the
understanding of how life support systems and their subsystems work in the sites where
interventions will take place [15]. This includes psychological and cultural literacy [16,26].

2.4. Constraints

In-depth knowledge of a place is crucial to the effective design and implementation
process of regenerative biophilic interventions and their mainstreaming. Stakeholders need
to consider hindrances and obstacles that may occur related to physical, environmental,
institutional, technological, cultural, and other aspects [39].

2.5. Values

Values are understood as a set of beliefs, qualities, or behaviors that frame our goals
and attitudes, providing standards against which individual or societal behaviors can be
benchmarked. Hes and du Plessis [31] identified 10 appropriate values based on how nature
works to ensure the healthy and continued functioning of the whole system, founded on
the idea of an interconnected, interdependent, and integrated world. According to the
focus or the main beneficiaries of a project’s goals and actions, the approaches utilized may
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be anthropocentric when the focus are human beings or eco-centric when all forms of life
are the target.

Anthropocentric and eco-centric values can be balanced by implementing the strate-
gies of biophilic and regenerative design into urban environments. Biophilic design tends
to seek human health and wellbeing, while regenerative design principles tend to look at
creating conditions for all living systems [26,29].

3. Case Studies
3.1. WGV Sump Park

Situated in the City of Fremantle’s local government area, the WGV residential de-
velopment was described as ‘a carbon positive living laboratory’, as it was designed to
demonstrate an innovative approach—“Innovation Through Demonstration”—to urban
infill, which included all the One Planet Living goals and, in particular, the goal to achieve
zero carbon outcomes [41,42]. This approach aimed to introduce higher densities, diversity
of housing types and sizes, responding to changing demographic cohorts and climate con-
ditions, including an award-winning social housing initiative called Sustainable Housing
for Artists and Creatives (SHAC), amenities, and a range of sustainability initiatives, such
as energy, water, and landscaping strategies. This new residential estate, comprising more
than 80 residential units, was developed on a 2.29-hectare former school site, owned by the
Western Australian State Government, by DevelopmentWA (the WA state government land
development agency). Adjacent to this area was a fenced sump owned and managed by
the local government. The sump was integrated into the development’s planning [31,43,44]
and became, what is called in this paper, the WGV sump park.

The City of Fremantle and DevelopmentWA were the key supporters of the project.
Together with Curtin University, the community of White Gum Valley, private sector
investors, engineering, and environmental design consultants were involved in generating
sustainable solutions to increase the quality of life, address the environmental and social
challenges, and create a sustainable community [31,42]. To help achieve these objectives,
the One Planet Living framework was used [41].

The structure plan for the WGV development subdivided the area into 28 development
lots and open public spaces. The revitalization of the adjacent 0.16-hectare sump aimed
to convert the underutilized space into a publicly accessible landscape, which would add
social, economic, and environmental value to the residential estate while still performing its
function as a drainage overflow area with a capacity of 2000 cubic meters. The revitalization
project encompassed engineering and earthworks to deal with stormwater effectively and
a landscape design to ensure that local biodiversity and canopy increase and provide
recreational green space to the community [31,45].

On the engineering side, the project team conducted an assessment of the sump ca-
pacity and modelled the expected performance. The results indicated that the existing
conditions at the time (2015) complied with the 5-year ARI (average recurrence inter-
val) event but not with the 100-year ARI event. Considering the landscape project to
be developed on site, a consultant’s recommendation was to install water storage cells
underground to maximize the stormwater storage, a simple and effective sustainable urban
drainage approach to manage stormwater on-site [46]. To protect the drainage system,
urban stormwater debris from the surrounding catchment is captured by gross pollutant
traps, which are cleared out regularly [45].

The design incorporated water-sensitive urban design principles and water efficiency
measures. The landscape concept was based on a winter wet depression feature, where
plants that prefer seasonally wet conditions occur at the bottom of the sump and those that
prefer drier conditions grow at the top. The plant palette included a diverse range of trees,
shrubs, grasses, and groundcovers that are native to the area for biodiversity benefits. Large
boulders of locally occurring limestone were chosen for retaining the embankment of the
sump in an informal way [45]. The result of this landscaped public space was expected to
strongly contribute to creating sense of place, health, and wellbeing for users and residents



Sustainability 2021, 13, 5461 8 of 16

(Figure 4) and was formally assessed by the Fremantle Council after close discussions with
the local community, who also agreed to help with providing local history narratives that
could be used in the park.

Figure 4. WGV sump park landscape plan. (Key: 1. Informal nature play with climbing logs;
2. Pathways made from crushed recycled rubble; 3. Gross pollutant traps; 4, 9, & 10. Bubble-up pits
from underground cells; 5. Air-vent for underground cells; 6. Limestone boulders; 7. Log seats;
8. Planted street verge; 11. Steps.) Credit: JBA.

The sump regeneration project achieved notable results. The multiple outcomes of the
site have been documented [42] to show that it met many targets. In terms of hydraulic
performance, the sump successfully manages stormwater events. Residents and passersby
enjoy the new park, and the vegetation is establishing well (Figures 1 and 5).

In terms of the One Planet Living principles that used to inform the design of WGV, the
sump park supports the “Land use and wildlife” principle through creating new habitats
and contributing to an increase in biodiversity. It also addresses “Sustainable water”
through reduction of flood risks and reducing potable water use, as well as “Sustainable
materials” and “Zero waste” [41,44]. The livability elements of the WGV sump park are
less defined in goals and outcomes, but it is clearly popular, with many public events being
held in the space. It is an innovative communal green space, featuring local heritage stories
and public space infrastructure, which is now a major part of a local community.

3.2. Green Swing Sump Garden

The Green Swing is the name of the group of “citizen developers” who collaboratively
developed an innovative residential cluster called Genesis in Lathlain, Victoria Park. The
group initiated the project in 2009 as a sustainable living venture by purchasing an 840 m2

lot, located 5 km from Perth CBD, close to a train station and adjacent to a fenced stormwater
sump (Figure 6). The project resulted in the construction of two townhouses and two
apartments on the one block. The buildings were designed to be solar passive for thermal
comfort and incorporated renewable energy systems, rainwater harvesting, and greywater
reuse. An energy monitoring system was installed to monitor energy usage [47,48].

The decision to develop on the site at 96 Rutland Avenue was influenced by the
proximity to the sump, which is one of the 130 such sumps owned and managed by the
Town of Victoria Park as the local government authority [49]. The group proposed to
transform the underutilized space around the sump into a productive and recreational
space, and to that purpose received advice from a design consultant for the early stages of
the planning process.



Sustainability 2021, 13, 5461 9 of 16

Figure 5. The WGV sump park shortly after completion being used by the public for educational
purposes. Credit: JBA.

The majority of the implementation and management of the sump garden was driven
by the proponents, in collaboration with a local community garden association, with
the aim of setting a precedent that could become a model of biophilic regeneration of
underutilized urban green assets in Victoria Park and beyond to other parts of Perth.

A landscaping plan for the 175 m2 site prepared for the sump by the design consultant
included revegetation with plant species, as well as some fruit-bearing plants. The plan
featured footpaths, garden furniture, and space for community gardening. The lowest part
was retained for stormwater infiltration. No additional engineering or earthworks were
undertaken because the sump was adequately sized (Figure 7) and unaltered in its function
by any of the other landscaping. Its capacity is much smaller than the WGV sump park
and was considered more than sufficient to meet the stormwater infiltration requirements.
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Figure 6. The sump in Lathlain before and after revitalization. Credit: JBA.

Figure 7. Green Swing sump garden landscape plan. (Key: 1. Vehicle access pathway to council
requirements; 2. Native verge plantings; 3. Access gate; 4. New fence alignment; 5. Food forest;
6. Original fence alignment; 7. Pedestrian paths; 8. Controlled access and sight lines from adjacent
property; 9. and 11. Stormwater outlets; 10. Base of sump; 12. Native grasses and groundcovers to
stabilize sump banks; 13. Layered native shrubs and trees for habitat.) Credit: JBA.

The proposal to convert the sump into a community garden was submitted to the
Town of Victoria Park and was endorsed by the council. The Green Swing sump garden
became the first satellite community garden for the Victoria Park Community Garden
Association, who agreed to manage it. The proponents also anticipated that the innovative
sump project would become an inspiration for others to undertake a similar challenge.
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The project was privately funded by the proponents, and all the landscaping work was
performed by the residents of Genesis, who also purchased and planted the seedlings [48].

The sump garden upholds its original function as a stormwater basin. The conversion
of this formerly underutilized area into a community garden incorporated native plant
species, fruit trees, and vegetable garden beds, bee keeping, and chickens (Figures 7 and 8).
According to the residents, the Town of Victoria Park was very supportive since the begin-
ning of the project, and every 6 months, they carry out inspections in the sump gardens [47].
So far, the governance approach afforded by the local Victoria Park Community Garden
Association has been successful.

Figure 8. The sump garden is used for a range of urban agriculture activities, including bee keeping.
Credit: Rob Frith.

The sump garden is a productive green space and a place of relaxation for the residents
of the Genesis and the local community. As the project leaders explained, ‘the Green Swing
was about the journey towards a more sustainable community, getting to know your
neighbors and looking after the environment we live in’ [47,48].

4. Comparative Analysis Using the Framework for Mainstreaming

The results from applying the framework to the case study analysis are presented in
Table 1. The analysis sets out commonalities and disparities between both cases, WGV and
the Green Swing. The following aspects and elements of the projects have been compared:
project’s size, time of design and construction, scope and scale, actors involved, drivers
that motivated actions, available budgets, strategies and processes used, constraints, and
values. Through this comparative analysis, the authors attempt to see if the regeneration of
old modernist sumps into regenerative biophilic urban assets can contribute to creating
sustainable communities and inform policies for replication in other locations looking for
healthy communities and ecosystems to thrive together.

Both cases were created and constructed in the same decade of the 2010s. But they
differ in scale and scope; while the Green Swing involves four residential units, besides the
sump garden, the WGV is a residential precinct development that comprises more than
80 units, amenities, and green open space. Due to the differences in scale and scope, they
present a diversity of actors involved. The Green Swing vision was conceived by a small
group of citizen developers, who attracted others with a similar mindset and interests. The
WGV vision originated from conversations among the local government, state agencies,
and local community about the need to innovate residential precincts’ design [43]. This
suggests that small to medium local biophilic regeneration projects can be initiated and led
by community members and may only require minor input from professional consultants
if technological involvements are not requested. Both cases have been designed and
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developed as innovative responses to sustainable urban living expectations, boosted by
social, environmental, and economic drivers. It is interesting to note that many social and
environmental drivers overlap.

Table 1. Comparative analysis of the WGV Sump Park and the Green Swing Sump Garden. Credit: Authors.

Green Swing WGV

Actors
Group of owner-builders and individuals with

common interests and values
Professional consultant

Community
Professional consultants (engineering,
environmental, and landscape design)
Local Government: City of Fremantle

State Government Agencies:
DevelopmentWA

Drivers

Social (building a sustainable community; creating
space for community collaboration and enjoyment;

providing inspiration for the wider community;
beautification of the area surrounding the

development)
Economic (self-funded; uplift property value)
Environmental (increase urban green space;

contribute to local biodiversity)

Social (demonstrate “Innovation through
Demonstration” model; enhance attractiveness of

the area surrounding the development)
Economic (alignment of key stakeholders’ interests;

budget availability; uplift property value)
Environmental (increase of urban green space;

biodiversity enhancement; addressing canopy loss)

Strategies

Private initiative
Developing an innovative approach to increase

urban green space through the creative use of the
underutilized space of the adjacent sump.

Public-private partnership
Creating “Innovation by Demonstration” model

One Planet Living framework
Water-sensitive urban design

Constraints

Model development
Concerns at community level

Concerns at local government level, mainly health
and safety issues

Obtaining permissions and approvals
Lack of clear policy guidelines

Concerns at government level-flood modeling
issues, health, and safety issues

Obtaining permissions and approvals

The drivers highlighted by the stakeholders of the Green Swing sump garden focus
mainly on social and environmental benefits, for example, inspiring the local community
to engage in the process of enhancing the urban landscape, as well as building connections
between the individuals (members of the community). The sump garden provided a place
for collaboration, such as food production and enjoyment of the natural space, helping
to build community. For the stakeholders of the WGV sump park project, one of the
main objectives was demonstrating how to effectively utilize space in a medium-density
development to deliver ecological, social, and economic benefits. Hence, the sump park
was highly dependent on local government and state agencies for financial support, as
well as engineering and environmental technical advice and development. The sump park
focus was directed towards mitigation of canopy loss and biodiversity enhancement. For
all the stakeholders, the environmental issues were crucial to address.

Strategies used responded to the objectives and scale of each project. The Green
Swing sump garden was a small-scale project supported by a simple and clear strategy that
regarded the sump biophilic regeneration as an opportunity to increase urban green space
and gain additional productive and recreational space for community building while in-
spiring other communities to do the same. It proceeded because the local authorities could
support it without needing to increase its budget to accommodate its management. The
involvement of a local gardening group was a critical step in this process. The WGV sump
park was a more complex and larger-scale project that needed a stronger professional strat-
egy. A public-private partnership was then developed that created an “Innovation through
Demonstration” model and utilized the One Planet Living sustainability framework and
the guidelines of water-sensitive urban design to steer their actions. Thus, strategies were
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to involve volunteers for the small scale and professional advice for the large-scale. Both
were appropriate in creating the necessary support to deliver the projects.

In regard to the constraints affecting the progress of the projects, similar issues
emerged for both cases, for example, concerns at the local government level, which had
to be addressed in order to obtain relevant approvals. Health and safety issues became a
priority for local governments and communities; in both cases, removing the fence and
allowing public access was the main health and safety concern. In the case of the Green
Swing sump garden, the local government decided to keep the existing fence, though it
had an easily opened gate. To retrofit the WGV sump, a hydrological assessment was
undertaken to determine the required sump capacity and the potential to use underground
drainage cells and landscaping to meet drainage and social requirements. It was a costly
process that could only be achieved with financial support from the City of Fremantle
and DevelopmentWA. A business case for the Green Swing sump garden was deliber-
ately avoided as it was considered another obstacle by the project proponents [48], and
this confirms the importance of having a project small enough to be seen as primarily a
volunteer exercise.

The challenges identified as the most difficult to overcome were related to legal status,
path dependency, and leadership. Other common difficulties and obstacles during different
stages of the project included obtaining relevant permissions to develop the sumps and
reassuring the skeptical officers in government agencies about the feasibility of the projects.
The approval of the drainage cells proposed for the WGV sump park was described as a
lengthy process. Similar opinions came from the citizen developers of the Green Swing,
which listed lengthy approval processes as one of the main obstacles.

The values supporting the actions show similarities related to social, ecological, and
economic aspects and reflect the initial objectives related to livability and biodiversity. In
both cases, the personal values of those involved were clear as they praised community
building, innovation, sustainable urban living, and place-making, as well as sustainable
food production (in the Green Swing case). In both cases, place-making manifested as a
strong value to provide facilities for the local community to interact and develop ownership
of the place. The principles of sustainable development highlighted in the One Planet
Living program became the source of professional values that the stakeholders at the
WGV would share and follow. The values required to develop place-based water-sensitive
landscape design showcase conservation efforts, environmental regeneration, and biodi-
versity enhancement. For the developers of the Green Swing sump garden, the values
oscillated around community building and sustainable urban farming. The modest design
and volunteer-based governance were aimed at expressing these values and enabling the
local community to be able to create the on-going maintenance of the areas as they came to
live there with their families.

Environmental values were strongly indicated, especially biodiversity, ecological
regeneration and conservation, and water management (in the WGV case). These values
were not seen as harming the economic prospects for their developments, in particular,
there was an expectation that they would uplift the property value. In the case of WGV,
the precinct won a number of significant awards and the sales of the lots and units were
generally more rapid than the market at that time. The sump park was also seen to provide
social and educational value to the wider community of White Gum Valley. The Green
Swing park was considered to have contributed to the area’s improved real estate value.

Both cases aimed at demonstrating innovative approaches to increase urban green
space. The old stormwater sumps became multifunctional features, serving not only as
stormwater infrastructure but also enhancing recreational and educational infrastructure
and biodiversity. Enhancing attractiveness and overall beautification of the developments
and the adjacent surroundings became one of the leading drivers for both communities
and developers. The educational, recreational, and ecological aspects of the regeneration
projects appear to fulfil the objectives of biophilic urbanism and regenerative design.
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The framework suggests strong reasons for mainstreaming biophilic revitalization of
stormwater infrastructure at both a small and large scale.

5. Conclusions

The paper has reviewed the biophilic regeneration of two stormwater sumps in
Metropolitan Perth, and the results have indicated that multiple outcomes favoring biodi-
versity regeneration and local community benefits can be achieved whilst enabling effective
stormwater management. From the perspective of the biophilic urbanism agenda, this
is a more favorable design outcome than the outcome obtained from the 1940s style of
modernist engineering.

The question posed in this paper asked how such a design can be mainstreamed and
whether the two sumps could shed light on whether this is possible.

Regenerating stormwater infiltration basins have drivers, dynamics, and values that
can enable sustainable outcomes. The analysis of the two case studies in Metropolitan
Perth reveals that the barriers to the wider implementation of the biophilic approach to the
sumps’ revitalization and repurposing are mainly socio-institutional but can be overcome
at both small-scale and big-scale sumps.

The Green Swing sump garden is a successful design for a small-scale sump, which
demonstrates how a creative use of underutilized areas can contribute to sustainable urban
living and serves as a model to be adapted to other places and communities. Similarly, the
WGV sump park has shown the multiple benefits for a whole community or suburb by
regenerating a large-scale stormwater sump.

The results of the comparative analysis suggest that the key difference between the
small- and large-scale projects is in their governance approach to delivering and main-
taining the sumps. The small scale was largely a volunteer approach in delivery and
maintenance, and the large scale was a fully professional approach, involving greater
commitment from an on-going maintenance budget from the local government authority.
The local small-scale regeneration project suggests that such small systems can be initiated
and successfully led to completion by a group of charismatic community members with
necessary but limited input from other professionals. The large-scale regeneration project
can similarly work but requires more partnerships to be developed and a fully professional
assessment process. In both cases, leadership was needed to drive the necessary changes,
though this may be enough to enable the policies and strategies to be mainstreamed, as the
demonstrations have shown multiple benefits with few, if any, negative side effects.

The two projects analyzed here suggest that it is necessary to develop such inspira-
tional examples to create the kind of mainstreaming necessary for biophilic urban regener-
ation in general and that the two-scale approach may have benefits in many other kinds of
biophilic and regenerative urbanism. Another lesson that emerged from the analysis of the
results is that health and safety issues need to be addressed at the proposal stage to secure
adequate approvals from local authorities. In the case of the Perth sumps, alternative
health and safety design solutions need to be tested and, if successful, they need to be
made publicly available in order to encourage similar regenerative projects.

These projects have helped educate communities, property owners, local councils,
utilities, and developers, showing that quality green urban assets should not be viewed
as “optional extras” in any urban development but as critical elements of successful,
value-driven, economic developments at a small and large scale.
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Indigenous Landscaping and Biophilic Urbanism: 
Case Studies in Noongar Six Seasons 

By Agata Cabaneka, Peter Newmana and Noel 
Nannupb.  
a CUSP, Curtin University; b Noongar Elder 
 

Abstract  

Indigenous landscaping has had a revival with Indigenous cultures as an important 

part of multiculturalism. The landscape elements are generally gleaned from 

Indigenous Elders and from anthropological texts and pre-invasion history texts (e.g. 

explorers’ notebooks) that enable an understanding of the ecological, food and 

medicine aspects of their propagation. This paper will examine how Indigenous 

landscaping (knowledge, values, management methods, use) can assist with 

biophilic urbanism, the new approach to bringing natural systems into the built 

environment. This emphasises the importance of place meanings in biophilic 

design. It will illustrate this in Western Australia using the Noongar People’s six 

seasons of distinct landscape each with importance for providing a living 

environment (shelter, food, medicine and spiritual nourishment) and as a basic 

requirement for biodiversity management over 60,000 years. Three stages in 

awareness of the value in these six seasons are outlined: early setting areas aside; 

regenerating cleared public areas; and landscaping the whole city. Case studies in 

Six Seasons Gardens are used to show how bringing a cultural element into 

landscaping can bring many advantages.  

 

1. Introduction  

In 2015, along with 192 other countries, Australia adopted the 2030 Agenda 

featuring seventeen Sustainable Development Goals (United Nations, 2015). Some 

of the goals concern the natural environment and urban living, for example, Goal 11 

Sustainable Cities and Communities and Goal 15 Life on Land. The main objectives 

of these are to “make cities and human settlements inclusive, safe, resilient and 

sustainable” and to “protect, restore and promote sustainable use of terrestrial 

ecosystems, sustainably manage forests, combat desertification, and halt and 

reverse land degradation and halt biodiversity loss” (Australian Government, 2015). 
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Recently, the Global Biodiversity Outlook 5 report revealed that countries worldwide 

failed to meet even a single biodiversity target set for 2020 (Secretariat of the 

Convention on Biological Diversity, 2020), which means that an estimated one 

million species of flora and fauna still face extinction.  

 

This paper will set out a new approach to biodiversity management that will attempt 

to show how cities can play a bigger role. It will in particular try and show that the 

rapid growth in the indigenous landscaping movement will need to see cities as their 

next major focus. It will illustrate this by examining an emerging overlap between 

indigenous landscaping and biophilic urbanism in Australian cities with application to 

many cities across the planet.   

 

Australia is one of the most biodiverse places on earth (Chapman, 2009) but has so 

far had limited success in preventing this being lost.  Preventing the loss of species 

in the past has focussed on strategic planning for conservation and rehabilitation of 

the land systems across the countryside but increasingly there have been calls for 

new approaches to making urbanised areas more sensitive to their biodiversity 

inside and around their built forms (Connop & Nash, 2018; Hes & Du Plessis, 2015). 

A research study by Ives (2016) suggested that Australian cities present 

opportunities for national biodiversity conservation. This paper examines how 

biophilic urbanism, a new approach to biodiversity in cities, can also integrate with 

the broader goal of how to be inclusive with indigenous values and communities. It 

examines how this is working out in Perth, Western Australia where the oldest living 

culture is beginning to be drawn into how their landscape knowledge can help to 

make better cities and how this can lead to more hopeful biodiversity gains.  

 

2. Biophilic urbanism and biophilic design 

Biophilic urbanism is based on the knowledge that humans have an innate 

connection with nature that should be maintained on a daily basis (Kellert, 2016). 

The main biophilic design features enable nature to become an integrated part of 

roofs, walls, balconies, indoor landscaping and implementation of nature-based 

solutions between buildings (such as green infrastructure) (Cabanek, Zingoni de 

Baro, Newman, 2020). A major driver in how biophilic urbanism works is the way 

that biophilic responses create human health outcomes through actual physiological 

mechanisms ((Alexandra & Norman, 2020; McDonald et al., 2018). Biophilic 

urbanism therefore fosters many urban resilience outcomes for better economies, 
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better community and better natural systems (Daniels et al., 2020). As a strategic 

approach to urban development, it can therefore assist with achieving the SDGs. 

 

By implementing the biophilic urbanism agenda, cities should be able to assist with 

the enhancement of local biodiversity (Birkeland, 2015; Newman, 2014; SBEnrc, 

2011) and meet other SDGs at the same time. Biophilic urbanism encompasses 

many types of ecological systems and human activities (Kellert, 2016) instead of 

focusing on a single building, urban spaces, and particular human activity, as 

landscape design often does. Kellert and Calabrese (2015) have identified 

principles for the effective practice of biophilic design which are compatible with the 

natural world:  

 

1. Biophilic design requires repeated and sustained engagement with nature;  

2. Biophilic design focuses on human adaptations to the natural world that over 

evolutionary time have advanced people’s health, fitness and wellbeing;  

3. Biophilic design encourages an emotional attachment to particular settings and 

places;  

4. Biophilic design promotes positive interactions between people and nature that 

encourage an expanded sense of relationship and responsibility for human and 

natural communities; and, 

 5. Biophilic design encourages mutual reinforcing, interconnected, and integrated 

architectural solutions. 

 

The missing link is that biophilic design has not made much yet of the need to 

establish an Indigenous relationship to the culture and practices of Indigenous 

landscaping and how this can indeed improve biophilic urbanism and hence 

biodiversity as well as better cities.  

 

3. Indigenous Landscaping  

To build a nature-positive economy is a responsibility of all, and the recognition of 

the potential for indigenous knowledge to contribute to sustainable and regenerative 

development is seen to be a major new agenda. Indigenous people have a long 

history of deploying nature-based solutions, however, not many countries have 

recognised this knowledge as necessary in building a sustainable economy and 

sustainable living environments, especially in cities (WEF, 2020). 
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Since urban public places become more diverse and multicultural, a better 

understanding of how various populations use those places and what values are 

attached to them could help urban planners and designers to deploy adequate 

design tools and solutions. Low et al. (Low et al., 2005) argue that the most 

successful public spaces are those where the identities of different cultural groups 

are emphasized and celebrated so people of different cultural and ethnic 

backgrounds use the spaces without concern for being stigmatised and people learn 

to appreciate each other. Culturally appropriate public spaces are essential to the 

community’s success (Knapp, 2008) and building a sense of place (Yazdani & 

Lozanovska, 2014). Vibrant neighbourhoods foster social interactions and have a 

greater level of social capital (Knapp, 2008; Low et al., 2005). It is, therefore, 

necessary for biophilic urbanism to address the needs of multicultural societies and 

provide urban places that could build social, economic and ecological capital. 

 

Despite growing academic and practitioner research on biophilic design, there is 

some misunderstanding that solely introducing plants between and on buildings 

would trigger biophilic responses (Downton et al., 2017). However, human 

responses generally require some sense of meaning as well as an attractive 

environment. Kellert and Calabrese (2015) recognise that the expected responses 

from biophilic spaces can be achieved by considering many more environmental 

and human factors than solely the inclusion of plants. Diverse contextual, cultural 

and ecological needs are the factors that should be considered by the designers to 

trigger biophilic responses. As Lachowycz and Jones ( 2013) pointed out, the 

design must be appropriate to diverse human social and ecological needs. It means 

that the biophilic design solutions developed for one project should not be simply 

recreated in other places without consideration for the local cultures, traditions and 

ecological context. Similarly, the conclusions from one study may not be applicable 

in a different context and population. 

 

Biophilic urbanism everywhere needs to consider place and its meanings to provide 

the deepest kind of responses that can intensify the experience of nature in cities. 

Thus in this paper we look at how Australia can facilitate the emerging integration of 

local indigenous ecological knowledge from aboriginal Australians with the emerging 

area of biophilic urbanism. The paper attempts to do that by examining the local 

landscape which is part of the ancient continent of Gondwana and how the Noongar 

culture in South Western Australia, that has a 60,000-year continuous history, in 
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recent times has begun to be understood and applied to how the region in and 

around Perth can be better managed (Hopper et al., 1997; Nannup, 2006).  

 

4. Noongar Indigenous Landscaping  

Considering that Indigenous Australians have been the custodians of the lands, 

waters and diverse fauna and flora for at least 60,000 years (Gammage, 2012; 

Pascoe, 2018) and continue to maintain a strong connection to the natural 

environment, it seems important for biophilic urbanism to have a greater insight into 

indigenous knowledge and environmental practices in such ancient cultures that 

continue into today’s cities and regions. It is necessary to at least begin to seek 

collaboration with the traditional custodians of the lands in order to deliver adequate 

and culturally appropriate developmental strategies and achieve inclusive biophilic 

outcomes in urban environments. There is evidence that this has started but little 

evidence exists of how landscaping cities could use this knowledge.  

 

Indigenous knowledge is based on spirituality which is based on their relationship 

with the natural world (Gammage, 2012). The native knowledge and spirituality are 

strongly tied to the natural environment and the landscapes across Australia with 32 

different language groups, each with their own place for which they have had 

responsibility for many generations and now are in various stages of native title 

recognition. Indigenous spirituality emerges through the patterns and forms in 

natural landscapes and is reinforced by the traditional oral interpretations and song-

line stories. The Indigenous artefacts and symbols reveal an alternate perception of 

the natural environment, and this adds another layer of meaning to particular urban 

localities (Jones et al., 2018; Tucker et al., 2018). 

  

The Noongar nation has evidence of its past cultural activity going back 60,000 

years and their presence in the land has begun to be recognised legally.  The South 

West Native Title Settlement for Noongar people in Western Australia, aims to 

resolve native title claims in exchange for statutory recognition of the Noongar 

people as the traditional owners of south-Western Australia. It is the largest native 

title settlement in Australian history, affecting about 30,000 Noongar People and 

encompassing around 200,000 km2 (77,000 sq mi) in south-western Western 

Australia. It has been described as Australia's first treaty (Hobbs & Williams, 2018). 

As part of this emerging integration of Noongar culture into Western Australian life, 

there is a growing need for wider education, recognition and implementation of 
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Aboriginal knowledge systems (Nannup, 2006; Tucker et al., 2018), ecology and 

environmental management practices in Australian urban environments (Hopper, 

2017). The first reason for doing this is that Indigenous people may find it difficult to 

sustain traditional knowledge and practices while living in urban centres (PHAIWA, 

2015) as modern urban landscapes may not provide adequate places for traditional 

practices.  The bigger picture reason is to find ways that indigenous knowledge can 

teach the established cities of Australia to find new and useful ways to improve 

biodiversity management and indeed to create better cities through their biophilic 

urbanism. 

 

Some urban green infrastructure projects are beginning to incorporate local 

Aboriginal knowledge in their designs, for example school and public playgrounds  

(Kirk, 2017; Turner et al., 2017).  A number of gardens based on Noongar six 

seasons have been established in cultural centres, local communities and schools 

and even in the land managed by private companies. As outlined in this paper the 

collaborative design process in these emerging projects included the 

representatives of particular institutions, students, local Aboriginal communities and 

Elders, artists, landscape designers and landscapers. The recent revival of 

Indigenous landscaping supports the efforts to re-wild the urban environment and 

enhance biodiversity, which complies with the biophilic urbanism agenda, but also 

provides opportunities to deliver biophilic places that facilitate Indigenous practices 

and restore connections with important (sacred) places. This could potentially 

facilitate building a deeper and more meaningful connection to the natural world for 

multicultural communities and hence lead to better biodiversity management. 

 

In ‘Indigenous Knowledge in the Built Environment’ Jones et al. (2018, p.13) state 

that ‘Indigenous knowledge systems are particularly relevant to the Australian 

planning and landscape architecture disciplines as it relates to the practice of land 

planning, management, spatial knowledge exchange and landscape design.’ A 

similar statement is made regarding the Indigenous concept of time and the 

seasons. The statement provides a rationale for giving a particularly strong position 

of including Indigenous landscaping and urban nature management in the biophilic 

urbanism agenda: 

 

‘While Western landscape architecture practice is often driven by the crafting of 

places for humans and wildlife to enjoin and prosper within, the Aboriginal and 

Torres Strait Islander peoples’ perspective places a greater emphasis upon healing, 
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nurturing and a long-term perspective about looking after place in anticipation of the 

return of their ancestors.’ (Jones et al., 2018, p. 35). 

 

Indigenous knowledge, values and spirituality could be much more incorporated into 

the design of urban greenery – parks, private and public gardens, playgrounds, 

public squares, road verges, stormwater infrastructure. Also, innovative biophilic 

structures such as green walls and roofs could be designed to reflect Indigenous 

knowledge, values and spirituality (The Fifth Estate, 2019). This approach can be 

taken systematically across the urban environment to deliver important aspects of 

biophilic urbanism.  

 

Indigenous landscaping delivered at the urban scale may provide appropriate space 

where traditional knowledge and values can be cultivated and as a learning tool for 

residents of different cultural end ethnical background. This paper hopes to 

demonstrate how it can be done.  
 

The Noongar people of the South-West corner of Western Australia followed the Six 

Season calendar for time-keeping and utilizing resources (Collard et al., 2004). The 

transitions between the seasons rely on the changes in plants and animals’ 

behaviours therefore the time-span of every season is different and does not follow 

the western calendar. For example, the flowers appearing during certain seasons 

were signalling the right time to move to another campsite (Lullfitz, 2019; Meagher, 

1974). 

 

Noongar Peoples of South-West Australia maintain and use the knowledge of the 

Six Seasons. In the Noongar language, the seasons are Birak, Bunuru, Djeran, 

Makuru, Djilba and Kambarang (Figure 1). 
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Figure 1. Noongar Six Seasons Calendar. Source: 

https://www.australiassouthwest.com/south-west-inspo/six-seasons-south-west 

 

These Six Seasons are a landscape system used for all cultural purposes: shelter, 

food, medicine and spiritual nourishment and as a basic requirement for biodiversity 

management. 

 

Biophilic urbanism is an urban planning and design approach that is aiming to 

provide cities with a coherent landscaping system that covers all aspects of the built 

environment. This paper seeks to examine whether the six seasons landscaping 

system could be applied across the city of Perth in Western Australia, as an 

example of how cities can relate more to their indigenous roots, how it can help 

biodiversity management, and what this could mean for the further growth of 

biophilic urbanism as a professional practice.  

 



 
 

 192 

5. Stages in the growth of awareness in six season Noongar landscaping in 
Western Australia.  

Three stages are outlined of the modern history of Western Australia focussing on 

how the new settlers dealt with the Noongar landscape, with illustrations of each 

stage.  

5.1 Early setting aside 

The British colony of Western Australia was established in 1826 and began settling 

in 1829 as a place where a thriving agriculture was considered to be possible as the 

trees were so large. It did not take long to find that European perceptions were not 

appropriate about the nature of the landscape (Seddon, 1972). The eucalypts had 

ways of surviving on deeply leached soils even sands; and the clay soils were not 

as productive as Hampshire in Britain. But despite the inability to thrive 

agriculturally, there were early settlers who recognised the extraordinary biodiversity 

and began to understand the different six season flowering regimes of this 

biodiversity hotspot as its now known. From very early times the knowledge of 

where to find flowering plants (and their associated insects, birds and mammals) 

came from aboriginal sources.  The local botany was collected and classified by 

Georgiana Molloy who became totally fascinated by its incredible diversity and used 

indigenous knowledge to find the different flowering times for each species she 

collected (Barry, 2016; Hasluck, 1955; Lines, 1994). 

Although the settlers brought many foreign cultivars to their newly established farms 

and domestic gardens, they also started to discover and learn about the local 

species and the local ecology. The different soils and climate led to significant 

problems just feeding themselves and little if any used indigenous food sources. 

Botanists often succeeded at propagating native plants, building native gardens, 

and sharing their knowledge with others (Lines, 1994). 

The new colony found gold in the 1890’s and the main city of Perth grew rapidly. 

Early planners and politicians who were planning the city found the space to set 

aside some special native bush in various places, including Kings Park in the heart 

of the central business district. Kings Park however was not turned into an English 

park as in Melbourne and Sydney but was left in its native state and has been 

managed ever since for that purpose (Seddon & Ravine, 1986) – see Figure 2. The 

benefits of having an Indigenous area at the heart of a city set in motion a history of 

recognising that the six-season landscape management of the Noongars was 
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something to preserve (Seddon, 1972). The Park was also set up as a centre of 

expertise on native flora.  

 

Figure 2. The view to Kings Park in Perth, Australia. Source: Peter Newman 

 

The city was of course a place of its time in being a pioneer culture with the need to 

conquer the new people and place (Bolton, 2008). But the other more sensitive side 

of being aware of the indigenous people and their place-based culture was also 

evident though not as well developed in the practices and planning of the city during 

its first hundred years.  

 

5.2 Regenerating cleared public land 

By the second half of the 20th century town planning had begun to designate the 

importance of natural spaces in the landscape. Joanna Seabrook, Hazel Dempster, 

Alex George, Stephen Hopper, and George Seddon, amongst others, became 

passionate about Western Australian unique flora and shared their passion by 

helping to discover and systematize collections of Australian plants, establish native 

and botanical gardens, and contribute to natural environment conservation 

strategies to protect the species and the local landscapes (Dempster, 2002; Hopper 
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& Gioia, 2004; Seddon, 2005). Seddon (1972) in particular was very influential on 

how the city needed to incorporate nature and indigenous perspectives into its 

planning to create a ‘sense of place’.  

Several key areas of public space began to be regenerated, essentially by allowing 

it to regenerate itself with a little help from weed control where needed. A good 

example is the Wireless Hill Park which today is a thriving landscape of native 

plants after its role as a space for the first wireless transmissions was no longer 

needed and the completely cleared space was regenerated with native bush. There 

has been a continuing involvement of indigenous expertise in managing this space 

and other native bush around the city (see Figure 3).  

 

Figure 3. Photograph of Noel Nannup in Walyunga. Credit: Zal Kanga 

 

The largest legacy of this period is the regeneration of the Swan River foreshores. A 

regulation was part of the new town planning scheme in 1955 that asserted all land 

on the river’s edge must be returned to the crown within 50 meters of the river’s 

edge. This land was revegetated mostly with native species and the occasional 

small park and today is a very popular continuous cycle-way/walk-way for over 80 

kms on either side of the river (see Figure 4).  
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Figure 4. The embankments of Swan River. Credit: Credit: Peter Newman 

 

That these areas were considered better to be turned into indigenous landscapes 

was a part of the growing culture of seeing native plants as better for biodiversity 

and also for functional purposes such as green infrastructure in water management 

and slowing down erosion of river edges. This has been clearly demonstrated by the 

regeneration of Point Fraser where native vegetation was used to create a storm 

water treatment area and the reconstitution of a soft interface between land and 

water (see Figure 5).  
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Figure 5. Point Fraser. Credit: Peter Newman

In this late 20th century period many domestic and public native gardens emerged 

and helped to establish the native landscaping principles which are used in towns 

and cities across Western Australia to build green urban infrastructure: street 

verges, parks, squares, public gardens, and riverbanks. However, this continued to 

be in conflict with the modern global trends and gardening fashions influencing 

individual choices. Perth was not only influenced by British perceptions of nature but 

many multi-cultural perceptions of the rapidly growing population who were attracted 

from across the world to work in the mining-based economy and its knowledge-

based centre in Perth.  The deepest traditions of British landscapes meant private 

gardens often featured monocultures of lawns and non-native plant species, but 

many other garden types have emerged. Despite this multiculturalism there was a 

growing sense that the indigenous plants were special and contributed to the sense 

of place for everyone. Thus the growth of the native plant industry and their cultural 

value continued to grow and to assert that for six seasons in Perth and its region, 

there were flowers that could be made part of any garden, street or a local park. 

However this was not usually done using indigenous interpreters. 
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5.3 Landscaping the whole city 

 

In the 21st century there has been a dual increase in the role of native plants in 

landscaping and the role of indigenous culture in interpreting the landscape. The 

growth in native plant nurseries, native street tree policies as part of municipal 

garden strategies, and community interest in how to plant and maintain native 

gardens, has become a feature of urbanism in Perth. At the same time there has 

been an increase of interest in the use of indigenous Noongar Six Seasons 

interpretation of landscaping amongst educational institutions and communities; this 

is for both landscaping and because of an inherent interest in integrating indigenous 

culture that helps us better understand our place (Collard et al., 2004). 

 

A number of public and private gardens have emerged using the ecological and 

cultural principles of the Six Seasons (ATCO, n.d.; City of South Perth, 2019; Shire 

of York, n.d.; Watkins, 2017) some of which are outlined below. Many primary and 

secondary schools in Western Australia have established their own Six Seasons 

Gardens and use the space for educational and cultural purposes (Kirk, 2017; 

Wheatbelt NRM, 2016). A Six Seasons garden at a Primary School in Manning was 

established in connection with the local government’s Urban Forest Strategy (City of 

South Perth, 2019).   

 

King’s Park now offers educational programs on the Noongar Six Seasons (Botanic 

Gardens and Parks Authority, n.d.). Aboriginal presenters share their knowledge of 

the Six Seasons and traditional Noongar life while taking the students for a walk in 

the gardens of King’s Park. One of the educational trails, The Boodja Gnarning 

Walk, captures some of the Noongar knowledge and explores Noongar use of the 

land. A number of culturally significant native plants can be found along the tracks of 

this walk. Students are engaged in a variety of cultural activities traditionally 

associated with each season, such as plant uses, hunting, language, art, dance and 

traditional games.  

 

Indigenous author on this paper Noel Nannup Karda, runs educational tours in Perth 

and its regions as outlined in Box 1.  
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Box 1 The Carers of Everything (Moondang-ak Kaaradjiny) 
 

I have a science degree which enables me to understand how the world is 

understood to work by people in the tradition of modern western science. I am also 

an elder in the Noongar tradition and my totem ‘Karda’ is the race-horse goanna. I 

try to integrate the western knowledge and the Noongar knowledge (Robertson et 

al., 2017). In the Noongar tradition I have a perspective shaped by people who have 

lived here for so long even modern western science finds it hard to be specific. It’s a 

long time. Multiple generations have thus been passing on their knowledge through 

stories and songlines and how to simply survive through the Noongar six seasons, 

using all the fruits of the landscape for this gift of life (Robertson et al., 2019).  

 

I run guided tours along songlines showing how we can gather intuitive knowledge 

from the bush and from listening to The Carers of Everything (Moondang-ak 

Kaaradjiny) (Nannup, 2006) which are the spirits that remain from previous time and 

are able to give us the knowledge that enables us to care for the land and the 

community. We also go camping so that we can sit around a fire and yarn about the 

stories in the area.  

 

At the University of Western Australia I help to run a gathering at the start of each of 

our six seasons, for staff and students, that helps to orient ourselves to the next two 

months of weather, plant flowering and related stories. This is held in the Business 

School. It attracts considerable interest as people are looking for a better 

understanding of our place and how to be more respectful of those who went before 

us.  

  

At the same time as this increased interest in indigenous landscaping, there has 

been a growth in the simple use of native plants and especially trees to create an 

urban forest. Several new suburbs have used native plants with the new residents 

ensuring that in every street there were plants that would flower in all six seasons 

thus bringing insects and birds all year around. Some suburbs now have almost 

completely created a closed canopy of native forest trees that enable the city to be 

cooled in summer and provided with insects and birds following flowering plants at 

every stage of the year (see Figure 6).  
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Figure 6. Urban forest in Subiaco Credit: Peter Newman 

 

There are many local radio and TV shows on gardening that feature the importance 

of native plants. There are now over twenty restaurants that provide Noongar food 

on their menus and one ‘Wildflower’ has an entirely local menu that follows the six 

seasons. There are even biophilic gardens of native plants in wetlands built on top 

of car parks (Figure 7) where once Indigenous wetlands were used as a major food 

source (Byrne, 2006).  
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Figure 7. Cultural Centre Wetland in Northbridge, WA. Credit: Peter Newman 

 

The biodiversity of Perth itself is very high and includes over 200 endemic species 

of orchid (Hoffman et al., 2019) and this movement to increase the use of native 

plants in landscaping has been extremely popular. However it has not yet been fully 

integrated into indigenous culture so this may be the next phase for the city.  

 

6. Six Season Case studies 

The paper examines some indigenous landscape case studies to illustrate the 

concepts presented. The gardens have been studied to derive principles that would 

then inform and facilitate the delivery of biophilic urbanism based on indigenous 

landscaping.  

 

The selected case studies are based in Western Australia. Two case studies are 

Aboriginal Six Seasons Gardens - Ballardong Noongar Six Seasons Garden in York 

(31°53'33.5"S, 116°46'32.7"E) that occupies the area of 2500m² (Figure 8) and 

Muminbulah Wilak Six Season Garden in Jandakot (32°06'49.1"S, 115°51'32.0"E) 

built on the grounds of the ATCO Gas company (Figure 9). The area of this garden 

is approx. 3000m². The third garden is a native urban garden - The Bushland 
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Garden in York (31°53'05.5"S 116°45'55.4"E) that occupies the area of approx. 

12000m² (Figure 8). 

 

Figure 8. The location of the case studies in York, Western Australia: (a) Ballardong 

Noongar Six Seasons Garden, (b) The Bushland Garden. Maps derived from 

ArchGIS database by ESRI Australia Pty. Ltd. Credit: Agata Cabanek 
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Figure 9. The location of the case study in Jandakot, Western Australia: (a) The 

Muminbulah Wilak Six Seasons Garden, (b) The ATCO Gas Depot site with the 

Garden outline (in blue). Maps derived from ArchGIS database by ESRI Australia 

Pty. Ltd. Credit: Agata Cabanek 
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6.1 Ballardong Noongar Six Seasons Garden 

 
The garden was established in 2009 on the grounds of the Residency Museum in 

York, Western Australia. The project was founded through a Wheatbelt Natural 

Resource Management Network Incentive Development and Support Grant and the 

Shire of York (Wheatbelt NRM, 2016). The garden was a collective effort of the 

Wheatbelt NRM, the Ballardong Noongar community, a local high school, individual 

and corporate sponsors and volunteers. The design concept is based on Noongar 

Six Seasons which are characterised and divide by natural changes in weather 

conditions and seasonal cycles of flora and fauna. As per the information provided 

by the Residency Museum, the project is a symbolic garden walk and it represents 

koora-korra [the past], yey [the present] and mila [the future] of Ballardong Noongar 

Budjar and its meaning to the Ballardong Noongar people (Ballardong Noongar Six 

Seasons Garden Walk, n.d.).  

The main feature is the bidi (path) which is divided into six sections (Figure 10). 

Each section is marked with symbolic boya (river-stones) painted by the local high 

school students (Figure 11). The boya depict local plants and form the Noongar 

names for each seasons (Shire of York, n.d.). 

 

 
Figure 10. The bidi [path] and native shrubs and trees. A corten-steel model of waitj 

[emu] and its young can be seen in the centre. Symbolic camp circles in the bottom-

right corner. Credit: Agata Cabanek 
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Figure 11. The boya (symbolic ceramic river-stones) decorated with pressings of 

local plants. The stones form the word for the Noongar season Djeran. Credit: Agata 

Cabanek 

 

The native flora and fauna bear traditional meaning and importance in this garden. 

When the visitors follow the footpath, they learn about the plants, animals and 

activities occurring in particular seasons. The particular plants would serve as the 

season changing indicators, food, medicine or water source. Animals depicted in the 

garden were traditionally valuable food sources in particular seasons but also 

important spiritual and cultural symbols and totems. The animals hunting for food 

and gathering fruits and berries were done in the correct seasons in line with 

traditional Knowledge passed on by each generation (Collard et al., 2004). 

 

The main feature - the bidi (path) - is divided into six sections. The bidi (path) 

symbolises Bilya [the Avon River] winding through the Avon Valley. The Six season 

garden in York plays a symbolic role in order to educate the visitors on spiritual, 

ecological and cultural level. The garden is a ‘living narrative’ undergoing 

transformations with the seasons and years passing. 

 

There are another two symbolic gardens within the grounds of the Residency 

Museum. A small kitchen garden near the cottage is named Settlers’ Kitchen 

Garden and it was established in 2006 in memory of Phillis Rogers, a Museum 
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volunteer (Figure 12).  Also, there is the Waterwise Garden established in 2006 

which includes a variety of native and non-native plant species.  

 

 
Figure 12. The Settlers’ Kitchen Garden established in 2006. Credit: Agata Cabanek 

 

The symbolic placement of the Six Seasons Garden (Figure 13) enforces its 

ecological and educational importance. The Settlers’ Kitchen Garden established 

near the cottage symbolises the knowledge that arrived with first European settlers. 

Next is the Waterwise Garden which symbolises the embrace of native flora and 

Indigenous knowledge of the plant species and their use. The Ballardong Noongar 

Six Seasons Garden comes as the last one established (2009) and symbolises a 

wider embrace of the Indigenous knowledge, culture and spirituality. Every plant, 

stone, symbol has its cultural and spiritual meaning. 
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Figure 13. Mapping of the three gardens adjacent to Residency Museum in York: (a) 

The Settlers’ Kitchen Garden, (b) The Waterwise Garden, (c) The Ballardong 

Noongar Six Seasons Garden (not to scale). Credit: Agata Cabanek 

 

 

6.2 Muminbulah Wilak Six Seasons Garden 

Muminbulah Wilak Six Season Garden, built in the Jandakot Operation Centre, is 

the company’s private garden, a cultural education tool, telling the story of Noongar 

Culture and the role the seasons, local native vegetation and animals played in the 

history, and traditions of the Noongar people (WA Parks Foundation, 2021). The 

idea of establishing the garden at the ATCO depot in Jandakot was one of the 

Reconciliation strategies (actions) adopted by the company in 2018 (ATCO, 2018). 
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Jandakot is based on the Banksia Sand Plains where many species of Banksia can 

be found. It is a plant of high significance to the Noongar people who traditionally 

used it as food or for fire starting. The Six Season Garden is surrounded by the 

remnant Banksia bushland that provides backdrop for the garden area (Figure 14).  

 

 
Figure 14. The footpath and planting beds (left). The remnant Banksia bushland 

forms the backdrop to the garden. Credit: Agata Cabanek 

 

The design was inspired by a painting from a local Indigenous Artist Deborah Bonar 

(ATCO, 2018). The painting was presented to the ATCO representatives and a 

detailed garden design was later developed by Denice Kickett in consultation with 

the local Elders and was named after her Nyoongar name  – Muminbulah Wilak – 

Spirit of the Land. The painting symbolises the six seasons and the flora, fauna and 

human activities characteristic to those seasons. The garden was installed by 

appointed local Indigenous landscaping companies (J. Scriven, personal 

communication, June 20, 2018). 

 The design of the Muminbulah Wilak Six Seasons Garden was based on the 

knowledge of the Noongar Six Seasons. The plants palette correlated with the 

plants that are available for food, medicine, shelter and other resources during each 

season.  
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The entry to the Garden is marked by two sculptures resembling boomerangs and a 

welcome message engraved in them (Figure 15).  

 

 
Figure 15. The entrance to the Garden marked by two boomerang sculptures. 

Credit: Agata Cabanek 

 

The footpath directs visitors to the central point of the garden with a circular water 

feature (Figure 16). The space around the water feature serves for gatherings and 

events. The pavement resembles a map of Noongar Boodjar (Noongar Country) 

and the Fourteen Tribal Language Groups (Collard et al., 2004). This central 

contemplation area is bordered by sculptured walls (seating) which symbolise the 

Wagyl, the rainbow serpent - the creator from of the Aboriginal dreamtime (ATCO, 

2018). 
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Figure 16. The central water feature and the wavy wall symbolising the Wagyl 

(Serpent). The pavement based on the map showing the residing sites of the 14 

clans in South West Australia. Credit: Agata Cabanek 

 

The garden is divided into six sections. Starting from the water feature the division 

marks radiate towards the garden beds symbolising each season. A circular 

footpath guides the visitors through the garden where they learn about the 

landscapes, plants, animals, weather and activities characteristic to each season. 

The Audio Garden Tour is available for visitors via their smartphone as they walk 

through the Garden. The tour was developed and recorded by Aboriginal 

Productions and Promotions and music was supplied by Dr Richard Walley (ATCO, 

n.d.; J. Scriven, personal communication, June 20, 2018 ). 

 

The garden serves as a cultural and educational tool. A space for sharing stories 

and history of the oldest living culture in the world. A tool to educate those who seek 

a better understanding and appreciation of Culture and Country. The ATCO 

Company uses this space to welcome guests to their centre. As a part of the 

community engagement plan, school groups are often invited to visit the Six 

Seasons Garden and participate in special educational program (J. Scriven, 

personal communication, June 20, 2018). 
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6.3 The Bushland Garden  

The Bushland Garden in York (Western Australia) is a community-driven urban 

open space featuring a wide range of native plants naturally growing in the 

Wheatbelt region. The site was once a clay pit for brick making and became an eye-

sore wasteland after the Meckering earthquake in 1968 when rubble from the 

demolished York Royal Hotel was buried there. Two local residents - Joanna 

Seabrook and Adelphe King – decided to turn this vacant lot into a bushland 

garden. Between 1993 and 2002 the local volunteers planted native species, 

constructed the footpaths, shelters and a Memory Corner dedicated to one of late 

volunteers (Figure 17). However, due to lack of external funding, the garden 

deteriorated and in 2005 the York Branch of the Widlflower Society decided to 

assume responsibility for the ongoing maintenance and development of the existing 

garden (E. Ayling, personal communication, April 22, 2021). Since the transition, the 

garden attracted many groups and local authorities, including Wheatbelt Natural 

Resource Management, York LCDC, Green Corps, the York Garden Club, the 

LEAP scheme, and the York Shire Council that contributed to its maintenance, and 

promote as an important green urban space in York.  
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Figure 17. A memory corner and new plantings. Credit: Agata Cabanek 

One of the main objectives for the establishment of the garden was to promote and 

encourage the growing of local plants with a particular focus on native species from 

York Shire. It was not set up as a demonstration of six seasons flowering but is so 

extensive in its collection of native plants it does in fact have many features of a six 

seasons garden. However it is not making the most of this cultural connection 

(Watkins, 2017). 

The Bushland Garden is an example of a successful grassroots initiative which 

could be replicated anywhere but it misses the opportunity to bring a cultural 

dimension of Indigenous landscaping. How important is this?  

 

7. Why enable Indigenous landscaping?  

The following table sets out the qualities of Indigenous Gardens (like Ballardong and 

Muminbulah Wilak Six Seasons gardens) and Local Native Gardens (like the 

Bushland Garden in York).  

 

 Indigenous Gardens 
 

Local Native Garden 

 
Purpose 

 Cultural expression; 
 Profound connection with 

land, fauna and flora, 
abiotic elements of 
landscape; 

 Stewardship of indigenous 
culture and environmental 
and spiritual knowledge;  

 Places for gatherings, 
cultural and spiritual 
events, and healing; 

 Providing educational 
space for students, 
children and adults; 

 Providing space for 
memorials and 
acknowledgments and 
recognitions;  

 

 Promoting native flora to 
expand use in private 
gardens; 

 Natural environment 
conservation efforts; 

 Educating about native 
plants, planning, display 
arrangements to 
encourage the 
transformation of 
landscaping and 
gardening practices; 

 Regeneration of urban 
wasteland; 

 Providing a recreational 
and educational green 
space in the urbanised 
environment; 

 Providing educational 
space for students – 
engaging in maintenance, 
creating a bush-tucker 
garden; 
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 Providing space for 
memorials and 
acknowledgments  and 
recognitions; 
 

 
Design 

 Designs are based on 
Aboriginal Dreaming and 
Aboriginal Six Seasons. 
They often include a motif 
of a journey; 

 Fauna, flora, and abiotic 
elements of landscape 
(rocks, soil, land 
formations, water) are all 
significant parts of a 
garden; 

 Inclusion of cultural 
artefacts (sculptures, 
paintings, weapons); 

 Symbolic representations 
of local indigenous history, 
culture, values and beliefs; 

 The biological changes 
occurring in plants and 
animals during Noongar 
Six Seasons inform the 
garden visitors about 
important events and 
milestones; 
 
 

 Planting arrangements 
are experimental; 

 Designs are based on 
Western classical garden 
display techniques and 
practices ( elements such 
as garden beds, layered 
planning arrangements, 
winding footpaths, 
pergolas, benches,  
picturesque views); 

 Less emphasis on abiotic 
landscape elements; 

 Strong emphasis on 
creating a waterwise 
garden; 

 

 
Flora, 
fauna 
and 
abiotic 
elements 

 Plants and animals and 
abiotic landscape 
elements bear cultural and 
spiritual significance in an 
indigenous garden; 

 Use of plants and planting 
arrangements are based 
on Indigenous 
environmental, cultural 
and spiritual knowledge; 

 The plant species are 
chosen for their medical 
and nourishing qualities, 
practical use, cultural and 
spiritual meaning and 
values; 

 

 Plants are selected for 
their aesthetics and 
ecological qualities; 

 Plants arrangements to 
create a waterwise 
garden that is easy to 
maintain; 

 
 

 

Table 1. Historic preservation, reclamation and conservation efforts to acknowledge 

Indigenous and European heritage.  
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There are many reasons for including both approaches into any city but there are 

good extra reasons for prioritizing Indigenous landscaping. There are several 

reasons why biophilic urbanism would want to try and incorporate this inclusive 

approach to indigenous landscaping:  

 

1. Cultural value. Cultural immersion into landscapes enables a range of 

important benefits to the whole city as it is the foundation of a sense of place 

(Seddon, 1972). When native plant projects are seen as the realm of those 

with exclusive technical knowledge or the money to build monuments to their 

exclusive source of enjoyment, then the native plant movement is not going 

to be able to touch people in the same ways as one that features more 

meaningful interpretation of the plants in their use over deep history.   

 

 
2. Educational value. To have inclusive landscaping where Indigenous 

cultural uses of plants are integrated into every part of a planned project will 

involve a range of educational outcomes on planting local plants and 

promoting knowledge on how they can be used as food, spices, medicine, 

production of clothes, utensils, and tableware. New inclusive projects will 

provide insights as to how such applications of indigenous landscaping can 

assist with fire management and water management as well as the critically 

important facts as to what enabled the biodiversity to be so rich for so long.   

 

3. Professional value. Landscaping throughout a city can enable the whole 

design profession to have a role in creating a more biodiversity-centred city. 

The potential for the whole city of Perth to return to its original status as a 

place that thrives around its six seasons of plants in their cycles of flowering 

would provide a new vision for the design professions. This will depend on 

the extent to which indigenous landscaping is actually understood and 

transferred into landscape design and practice as a new kind of biophilic 

urbanism related to Perth and all its cultures, especially the one that 

understood its local plants for millennia.  

 

Such an approach could be used in any city so we return to discussing why this 

more inclusive approach to indigenous cultures can assist in biophilic urbanism, 

based on the insights from the case studies and the above conclusions. 
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8. How does indigenous landscaping help biophilic urbanism?   

Biophilic urbanism has developed an approach that shows how urban vegetation in, 

on and between buildings has multiple benefits especially for the economic benefits 

of green infrastructure, the human health and welfare benefits from being closer to 

nature, and the deeper motivation for many which is to increase the potential for 

saving and regenerating biodiversity (Beatley & Newman, 2013; Marinelli, 2021; 

Sanderson et al., 2018). So where does indigenous insight fit into this?  

 

Three key reasons can now be given: 

1. The importance of place 

Biophilic urbanism stresses the importance of place in its rationale. There is a 

strong rationale for sense of place and belonging to be a major part of how 

communities are able to thrive and develop the social capital so critical for creating 

economic capital (Putnam et al, 1994; Nuryani et al., 2018). This is also the basis of 

thriving cities (Newman & Kenworthy, 1999). The sense of place in a city is bound 

up in a combination of the physical/natural environment and the social/cultural 

environment. As Low et al (2005) show, this combination means that the most 

successful public spaces combine both of these features so the best ones are 

always multicultural. Biophilic urbanism therefore needs to be inclusive if it is to be 

successful.  

 

2. The importance of inclusive culture 
Plants are used in landscaping to create biophilic urbanism. But plants that are 

there to show off the history of landscape design or a foreign country like Britain’s 

interpretation of this (in the case of Australia) are not going to give the cultural 

meanings so necessary for a successful sense of place. This also applies to the 

perceptions of other migrants coming from Europe, Asia, the Americas and Africa in 

more recent times. Plants that are used in landscaping not just for aesthetics but for 

cultural and spiritual meanings that are designed to create place, are likely to create 

a more meaningful and successful biophilic urbanism in the new place where people 

are now developing a different sense of place. Indigenous meanings are the 

deepest meanings for a place, especially if they go back as long as they do in 

Australian history.  
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3. The importance of biodiversity 
The deeper level of biophilic urbanism, the need to conserve and regenerate 

biodiversity, is also a critical element in why indigenous landscaping needs to be 

integrated into biophilic design. The need for indigenous insights will gather 

momentum when the design professions take this on in all that they do. As well as 

that the commitment to biodiversity management (funding and jobs) are always hard 

to generate but when the sense of place is brought to life in a city through 

meaningful and creative involvement of indigenous landscaping in a community-

based biophilic proje, the chances of success are greatly increased. Biodiversity 

needs inclusion if it is to be given a chance of reversing its global decline.  

 
9. Conclusions  

This paper has suggested that biophilic urbanism and six season landscaping can 

inform each other and could help to promote and mainstream Indigenous and native 

landscaping strategies. This extra human dimension to managing the environment 

can lead to the enabling of local policies advocating green urban infrastructure and 

biodiversity management. This is at the heart of biophilic urbanism and can give the 

delivery of this new and more holistic approach to landscaping, a real boost.  

 

In this paper, we have presented a case study of a bushland community garden in 

York (Western Australia) that has become a showcase example of how to promote 

native flora and landscaping techniques that can build more resilient and biodiverse 

urban landscapes. However, if it were to add an indigenous landscaping 

component, it would likely have a much deeper impact on the application of native 

plants to every area of biophilic urbanism in the associated communities who use 

the area. This is not an isolated example but is symptomatic of many new 

opportunities that are now appearing for the application of Six Seasons interpretive 

landscaping as part of biophilic urbanism in the future of Perth. 

 

The future of biophilic urbanism in other cities will depend on whether the design 

professions have made sufficient contact with the historians, anthropologists and 

remnant communities from their indigenous past. They will then need to begin 

making programs that can dramatize the value for all aspects of biophilic urbanism 

in creating a deeper sense of place for all residents using the same land as those 

from deep history. We believe this will make a better city but also play a major role 

in biodiversity management for the planet.  
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