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Abstract:  Urban development and renewal is changing the shape and composition of Australian cities, putting increasing pressure on biodiversity, water resources, and human health and well-being. As our cities intensify and expand, there will be further losses to the number and diversity of species and habitats; the ‘nuts and bolts’ of the green infrastructure that makes our cities liveable. This green infrastructure is better known by other names—urban forest, parks and open space, green roofs and living walls. It delivers a suite of ecosystem services, that is, services which nature provides to humanity notionally ‘free of charge’. 
In 2016, the NSW Environmental Trust commissioned a multi-disciplinary, cross-scale (spatial and temporal), research project to investigate urban ecology renewal in the face of rapid growth in the state’s major cities.  The issues of urban ecology renewal were investigated from three perspectives: urban ecology and biodiversity, planning and policy, and built environment. A desktop literature review and series of stakeholder consultations highlighted the gaps and opportunities for improving urban ecology outcomes. Ultimately, a blueprint document based on this evidence base presented recommendations for embedding urban ecology into decision making, from individual lot to the metropolitan scale, and within government policy and planning frameworks. This paper reflects on the findings of the built environment team’s examination of the relationship between the design and management of the built environment and urban ecology, which explored the question: how we can transition to models for the built environment, which conceive of the city as a constructed ecology?
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Context and introduction
Population growth is estimated to add a further 2.5 billion people to the world’s urban centres by 2050 (United Nations, 2014). Australians have been gravitating towards cities for more than a century, with the result that Australia is one of the world’s most urbanised nations; as at 2015, 89% of inhabitants lived in cities (World Bank, 2017). The population of Greater Sydney (NSW Central Coast to Blue Mountains) passed the five million mark in 2016 (Australian Bureau of Statistics, 2017) and is predicted to reach 6.6 million by 2036 (Infrastructure Australia, 2015). Wollongong (incorporating the Illawarra-Shoalhaven region) is forecast to grow by 60,400 people by 2036, and the greater Newcastle region by 862,350.
Urban growth – whether through becoming denser, taller or more extensive – places increasing pressure on biodiversity, water resources and human health and wellbeing. City building requires land clearing, soil ‘cut and fill’, paving of pervious surfaces, channelisation of natural streams and proliferation of substances not found in nature. In turn, these factors impact terrestrial and aquatic ecosystems through loss of habitat, reduction of biodiversity and local extinctions of species and ecological communities. At the same time, urban development has favoured a variety of adaptive flora and fauna, which thrive in built-up habitats.
At State government level, recent urban planning strategies have focused on housing, ‘grey’ (or conventional) infrastructure and employment targets. Implementation of these growth-based approaches have combined with recent legislative and policy changes to exacerbate the trends outlined above. For instance, concerns about turnaround times for development approval have prompted regulatory modifications which enable ‘fast track’ assessments restrictive of community input. Legitimate apprehensions over bushfire risk have led to the liberalisation of vegetation clearing rules which have allowed tree removal in Sydney harbourside suburbs with effectively zero chance of bushfires.

The overlapping responsibilities of the three tiers of Australian government – in particular State and local – create a further complication. Moreover, within the State jurisdiction there are multiple departments and agencies charged with decision making across a variety of domains which impinge on urban ecology. This convoluted structure lends itself to siloed policy, planning and management decisions. A lack of cross-disciplinary collaboration also helps to perpetuate the failure of the NSW planning and development control system broadly to engage with the concepts of urban ecology co-benefits. Purposeful protection and enhancement of urban ecosystems is not simply about conservation, essential though that is, but augments a plethora of ecosystem services critical to urban sustainability and habitability.  
Based on research carried out for the NSW government in 2016-17, this paper argues that the decline of urban ecosystems and their myriad co-benefits can be halted and to some extent, even reversed. The NSW Environmental Trust engaged the National Green Infrastructure Network (NGIN) in early 2016 to carry out the Urban Ecology Renewal Investigation Project in collaboration with the Trust and a broad cross-section of stakeholders from government (State and local), the private sector and the NSW community. The consortium was led by Macquarie University, and included research partners from the University of New South Wales, University of Sydney, University of Technology Sydney and CSIRO. The focus was on the State’s three biggest cities, Sydney, Newcastle and Wollongong. 
The NGIN consortium was asked to provide three deliverables: 

· A ‘desktop review’ document representing a thorough review of the academic and grey literature and best practice case studies from Australia and internationally, to establish the detailed evidence base. 

· A stakeholder consultation report reflecting the views of state and local governments, industry, professional peak bodies, NGOs and the wider community. These perspectives were compiled from a series of workshops held in Sydney, Newcastle and Wollongong, individual in-depth interviews with key stakeholders and a high-level ‘Think Tank’ session with key decision-makers and senior practitioners to review and provide feedback on the consortium’s work in progress.

· Finally, the critical deliverable which was informed and shaped by the abovementioned reports was a ‘Blueprint’ to provide a practical evidence-based case, relevant to government, industry and the community, for the conservation, management and enhancement of urban ecology across Sydney, Wollongong and Newcastle. The aim of the Blueprint is to be both implementable and transformative.
The research was split across three themes, broadly consistent with the disciplinary backgrounds of the consortium members: ecology and biodiversity; built environment and landscape design; and policy and planning. However, the intent was, as far as possible, to ensure an integration of disciplinary input in the final work, particularly in the Blueprint report.
It is important also to note that urban ecology encompasses the study of both ecology in the city and the ecology of the city (McIntyre et al., 2000). The key distinction in contemporary urban ecology is between these two concepts: ecology in the city – the physical environment, flora and fauna – and of the city – predominantly systems-focused, and explicitly incorporating the dominant role of human beings 


(Grimm et al., 2000, Pickett et al., 2001) ADDIN EN.CITE . Knowledge of nature in cities is necessary but not sufficient to understand the nature of cities.
The remainder of this paper reflects on the findings of the built environment team’s examination of the relationship between the design and management of the built environment and urban ecology, which explored the question: how we can transition to models for the built environment, which conceive of the city as a constructed ecology?
Desktop review
The desktop review conducted in 2016 investigated issues of urban ecology renewal across the three themes set out above. The review included academic, peer-reviewed literature as well as ‘grey’ literature such as reports, conference presentations, newspaper articles, and government laws and policies. Over 1500 pieces of Australian and international literature were reviewed as part of this phase of the project, which formed the evidence base for the final Blueprint.
Major findings from the review 
The review highlighted the gaps and opportunities for improving urban ecology outcomes for Sydney, Wollongong and Newcastle; the major findings are summarised below:
Urban biodiversity and ecosystems are being lost in our cities
Land clearing, habitat fragmentation, the declining size of remaining habitats, invasive species, and changes in microclimate, lighting, hydrology, nutrient availability and the construction of artificial structures (e.g. roads and drains) all affect the quantity and quality of habitats and thus the ecology of cities (Figure 1). Past and current pressures contribute to an ‘extinction debt’, in which non-viable populations and habitats become locally extinct over time. This points to the importance of what should be the dual objectives of urban ecology in cities: to protect and conserve what exists (which does not include trading the protection of one habitat for another); and to reduce the individual and collective ecological pressures through adequate and enforced standards.
Figure 1: Built environment drivers of biodiversity loss.

Source: modified from Zari (2014).
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Strategic planning reform
This is required to protect existing habitats, and create or re-establish habitats and connecting corridors. Opportunities to create novel urban ecosystems require support from State and local governments; such habitats can help in linking core habitats and in providing ecological function and ecosystem services, and they should build on an agreed urban ‘vision’. Strategic reform should be vertically integrated, and State and local governments and the community – not the development sector – should set priorities.
The value of the natural environment to a city’s wellbeing and economic outcomes is poorly integrated into decision making
Addressing this lack of understanding requires acknowledging and incorporating the co-benefits of urban ecology into decision-making processes. Cities have traditionally been planned and developed based on housing and employment, despite abundant research demonstrating that the services provided by the natural environment have significant economic and social value from both anthropocentric and intrinsic perspectives.
Performance-based development application and assessment tools are required
These are necessary to support urban ecological outcomes from the lot-to-precinct scale. Environmental planning instruments can be developed and applied to advance the sustainability of cities, including urban ecology. Such tools should be spatially specific (e.g. connecting green grids and linking to regional parks), offer flexibility (e.g. in the choice of plantings and setting limits on house-to-land development ratios), and support diverse and appropriate habitat form and function that is species- and community-relevant. Performance-based tools should set quantifiable monitoring and evaluation frameworks to evaluate and review the policy across spatial and temporal scales. Current policies designed to advance urban ecology in cities do not have robust or consistent monitoring and evaluation frameworks nor do they enable an understanding of cumulative impacts across spatial scales.
Enforcement of laws and policies

Existing policy and regulatory frameworks need to be prioritised and embedded within institutional processes and community-change education and awareness programs. The land use planning and development control systems that operate in NSW are tied to a regulatory structure, however consistency in the decision-making process and enforcement in the construction phase is lacking.
Public open space 
Existing green space represents an underused opportunity for enhancing urban ecology in cities. The traditional metrics for the provision of open space (e.g. area per capita) are no longer relevant and have been unable to ensure the reservation of sufficient areas of land for either active or passive uses or for ecological outcomes, for example around the protection and enhancement of biodiversity. There is a need to develop locally based open space standards that relate to current and forecast urban population size and densities and which also consider and provide for improved urban ecological outcomes.
Environmental services and disservices
Urban ecology and its associated natural areas and green infrastructure can provide valuable services and increase resilience to extreme weather events and climate change, but they can also provide disservices. There is a policy tension, for example, in landscape management for bushfire protection at the urban interface, where tree removal and understorey clearing can be at odds with the provision of habitat.
Ecosystem services and green infrastructure
Healthy ecosystems provide ecosystem functions which benefit urban environments and human communities. Such functions, often referred to as ‘ecosystem services’ include:

· Biophysical benefits such as carbon sequestration, improved air quality, stormwater management, reduced energy consumption, habitat provision, noise reduction, microclimate amelioration (including reducing the urban heat island effect), pollination, food and fibre;
· Social and health benefits (mental and physical wellbeing);
· Economic benefits, such as tourism and increased property values;
· Cultural and aesthetic benefits;
· Urban resilience (the capacity of a system to maintain its identity in the face of internally or externally driven change).

There are opportunities to integrate urban ecology in the built environment from state-wide to the individual lot. Indeed, it is necessary to integrate urban ecology in the built environment at all scales to achieve comprehensive urban ecological outcomes. In particular, application of green infrastructure can support the creation of cities as constructed ecologies. Green infrastructure is an adaptable term used to describe an array of products, technologies and practices that use natural systems – or designed systems that mimic natural processes – to enhance environmental sustainability and human habitability (quality of life).
From a built environment perspective, the desktop literature review revealed the significant role that green infrastructure plays in delivering a suite of ecosystem services in our cities. Green infrastructure includes elements such as green roofs and walls, green open space, street trees and water sensitive urban design (WSUD) elements including bioswales, constructed wetlands and raingardens. The more structurally complex and ecologically diverse the elements are, the more potential they have to enhance urban ecology. For example, greater variety in the design and construction of green roofs contributes to an increase in the diversity of plant and animal species 
 ADDIN EN.CITE 
(Oberndorfer et al., 2007, Fernandez-Canero and Gonzalez-Redondo, 2010, Latty, 2016)
 and species-rich systems generally have higher functional diversity and, as a result, provide better ecosystem services (Berthon et al., 2015).
The principles of urban ecology suggest a hierarchy of green infrastructure interventions (Figure 2). Where areas of remnant vegetation still exist, protection and conservation is crucial; in the face of urban expansion, remnant bushland and waterways provide important diversity. Where ecosystems have already been disturbed, restoration via bush regeneration and weed management is the logical option. If restoration is not possible because an entire pre-development ecosystem has been lost, such green space as exists may be enhanced through (e.g.) additional tree planting. If none of these options is available, creating new habitats such as green roofs or designed wetlands may be appropriate. Each intervention can be applied at different scales and is mediated by built form density and street patterns.
Figure 2: Hierarchy of green infrastructure/urban ecology intervention.
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Built environment professionals involved in urban planning have key roles to play in facilitating urban ecological outcomes in development projects. Urban planning should consider the complex ecological and social processes operating at different times and scales in a region (Faehnle et al., 2015). It is critical that this takes place early in the project, to ensure that key decisions to enable urban ecological outcomes are embedded within the project. Interdisciplinary input is essential at this stage, to ensure that potential future conflicts are reduced. Changing urban planning trends have resulted in declines in the biodiversity and quality of green spaces in urban areas. This is particularly evident across residential lots throughout our cities, in what has been called ‘the death of the Australian back yard’ (Hall, 2010). The average lot size for new growth areas in Sydney has decreased from 587m2 in 1999 to 546m2 in 2008 (NSW Department of Planning, 2009), and house sizes have almost doubled in the 25 years to 2010, from 162m2 to 248m2 (Australian Bureau of Statistics, 2010, Gallagher, 2015). As the number of people living in apartments increases, it is necessary to integrate urban greening into the structure of apartment blocks, such as green roofs and walls, and built-in planter boxes on balconies such as the Bosco Verticale (‘vertical forest’) residential towers in Milan. Cities such as Singapore provide exemplary precedents for urban greening. Many landscape architects have a bias to human centric design and visually appealing vegetation. If we are to design the built environment as a constructed ecology, we need to broaden our thinking to consider plant species diversity. There needs to be a shift from thinking about ‘people, place and design’ to ‘people, place, design and species’.
Increased urbanisation places pressure on natural systems in and around cities and contributes to biodiversity loss. Many conflicts between the natural and built environments arise as urban development extends. This is evident in conflicts between urban ecology aims and CPTED guidelines, conflicts between above and below ground services and vegetation, and relating to urban stormwater management. While there are many opportunities to ‘re-wild’ our cities, a change of mindset is required, from maintenance to management – and acknowledgement of the numerous benefits of green infrastructure over grey infrastructure. This includes opportunities such as planting street verges and median strips, where significant potential exists to improve urban ecology outcomes. This is already taking place, for example, in the inner-west Sydney suburb of Marrickville, where Council’s ‘Sustainable Streets’ program is transforming turf street verges into nature-strip gardens planted with a variety of species. Neither is this a radically new concept – the City of Port Phillip (Victoria) ran a ‘Putting the nature into nature strips’ program in the late 1990s. Moreover, often these initiatives result in less maintenance requirements, saving property owners and managers time and money. However, it is critical to engage the community in the journey to conceive cities as constructed ecologies, discussed further below.
Summary of findings from stakeholder involvement activities
More than 150 people participated in workshops, one-on-one interviews, advisory committee, focus group or the final ‘think tank’ over the course of the investigation. These activities allowed the project team to hear from individuals representing a diversity of agencies and organisations, and a number of levels of organisational influence. Their commentary was compared to the information we had uncovered in the desktop review. Importantly, the conversations amongst participants were often valuable for the people involved, resulting in a shared understanding of knowledge, perceptions and experiences of the issues related to urban ecology and urban development.
As anticipated, the workshops held outside the Sydney CBD generated slightly different issues, specific to their locales and/or bioregions. This was most evident in the Wollongong workshop, where that city’s urban ecology is closely linked to the distinctive topography of the escarpment and associated ecosystems. Where workshops attracted a high proportion of participants from the local area, discussion frequently turned to policies, procedures and regulations, and an expressed desire for better local-state coordination of resource allocation, policy implementation and maintenance of environmental projects. 

In summary, the topics raised fell into one of three categories: Care, Impact, and Control. In the team’s interpretation of the feedback, ‘care’ represented values and attitudes, awareness (or lack of), and demonstration of behaviours (individual or institutional) toward urban ecology which stakeholders believed needed to be shifted or better informed. The discussion of ‘impact’ referred to showcasing the existing leaders and programs that are making a difference, making data, evaluation and modelling more widely available and shared, and supporting innovative initiatives. The third area, ‘controls’, referred to high-level policies and regulations or incentives which could be legislated and enforced. This approach emphasized a mandatory means to achieving urban ecology renewal. 

The three categories of concern are explained in more detail below, associated with the specific actions or ideas for promoting more effective outcomes which emerged from the stakeholder workshops.
Care
Defining urban ecology: It soon became apparent that a commonly understood working definition of urban ecology is critical to progressing strategies and policies for retaining existing and renewing lost urban ecosystems. It was agreed that this definition must acknowledge human beings as integral to urban ecosystems, along with the natural and the built environment.  

Understanding context and scale: Urban ecology must be understood across the spectrum of built environments and contexts so that individuals can appreciate how work and daily activities intersect and impact on urban ecology.  

Shifting the ‘narrative’: Rather than continuing to despair over the loss of species and habitat, the outcomes of urban ecology renewal projects needs to emphasise the multiple benefits that are generated. Green infrastructure, for example, provides ecosystem services, which in turn, creates connected greenspace for human recreation and linkages for species movement. These co-benefits need to be better communicated to garner public support. 

Education: Programs, aimed at multiple audiences, are required to help change perceptions and assist people to better understand the issues, identify shared values, and engender commitment to supporting biodiversity protection and renewal.  
Impact
Inspiring exemplars: Workshop participants named numerous projects and initiatives they believed could influence decision makers, particularly in local government; these exemplars of better design, new techniques and technologies need to be more widely shared. 

Leaders and champions: Similarly, the work of individual leaders and champions for change can be supported through incentive schemes and social marketing programs, and through education campaigns, pilot and/or demonstration projects.

Measuring performance: Tools need to be developed, specific to the urban conditions of NSW’s major cities. These will provide a means of measuring ‘success’ with specific initiatives.

Ongoing research: Research conducted by universities and industry provides much needed evidence for decision makers and policy makers. Building a robust evidence base requires continual data generation and analysis to inform the best ways forward.
Control
Top down and bottom up: The vertical integration of policies and programs for implementation is required from local>state>federal governmental levels to achieve an alignment of aspirations and intentions. 

Rigorous policies: Participants recognised that the planning and policy instruments needed to have ‘carrot and stick’ approaches in place and enforced to change business as usual. Strong legislation with clear mandates for green infrastructure elements such as WSUD, green roofs and walls was largely endorsed. That said, local government participants also noted the constraints they face in their work, having to ‘go by the book’ when assessing proposals. Promoting more autonomy and innovative approaches to development assessment and local scale greenspace infrastructure was considered as positive.

Build on work underway: It was noted there are numerous initiatives underway, particularly at the State Government level, such as the Green Grid and Green Cover projects and the work being undertaken by the Environment Panel of the Greater Sydney Commission. These programs have the potential to provide valuable crossover, politically and for local resourcing.

Valuing biodiversity and ecosystems: In this context, the commentary referred to how economic evaluation could be placed on, for example, ecosystem services, or how the value of green infrastructure could be captured as an asset class, while also acknowledging the future costs to society that will accrue as a result of inadequate public open space for active recreation.
Key recommendations 
Following the review, a series of scale-based recommendations were developed, to inform the preparation of the final Blueprint document, which was submitted to the NSW Environmental Trust in March 2017.
State level
1.
Set an overarching target in an apex policy to promote the implementation of urban ecology;
2.
Establish a monitoring program to evaluate the change in condition of ecological assets and green infrastructure and use this to assess the efficacy of plans and policies;
3.
Review urban biodiversity governance structures and systems.
Regional level
4.
Identify, protect and conserve remnant ecosystems, including riparian and coastal ecosystems and habitats;
5.
Develop a performance-based design and construction rating tool that supports and advances urban ecological outcomes;
6.
Monitor the habitat quality of remnants and identify and address regional-level impacts.
Metropolitan level
7.
Prioritise a compact city development pattern rather than lower-density greenfields as a way of minimising habitat loss.
8.
Undertake a systematic, spatially explicit mapping program to identify opportunities for green and blue corridors at multiple scales to connect existing and newly created habitats.
9.
Create green corridors with minimum width requirements that connect patches of habitat and encourage species movement.
10.
Develop a spatial information biodiversity layer that identifies the extent and condition of habitats;
11.
Use road, rail and infrastructure easements and corridors as green corridors;
12.
Establish a metropolitan-wide policy to support the design, construction and maintenance of green infrastructure;
13.
Designate buffer zones around key remnant bushland areas and green and blue corridors;
14.
Where possible, include and restore riparian vegetation in planned green corridors and networks;
15.
Develop and implement a policy to put power lines underground to reduce conflict between

tree canopies and power lines.
District level
16.
Establish and enforce planning controls that support urban ecology, such as a performance based rating tool;
17.
Enhance existing degraded remnant ecosystems in urban areas;
18.
Integrate water-sensitive urban design in master planning for new subdivisions;
19.
Reduce the total amount of impervious area and the connectedness of impervious surfaces;
20.
Implement bush revegetation and restoration programs with set benchmarks that address the original causes of decline, and actively monitor them to enable the assessment of outcomes;
21.
Implement green infrastructure, including green roofs, with high habitat complexity and resources that encourage biodiversity.
Local level
22.
Ensure that local government community strategic plans and operational and delivery programs allocate resources to achieve positive urban ecological outcomes;
23.
Support participatory planning processes to set local planning controls that encourage liveability and urban ecological outcomes;
24.
Require all local councils to establish and implement urban forest strategies;
25.
Establish and enforce planning controls that support urban ecology;
26.
Develop incentive mechanisms to promote and maximise urban ecological outcomes as part of local policy and development assessment;
27.
Prioritise compliance and regulation programs in councils to ensure compliance with development approval conditions and local environmental policies;
28.
Create novel ecosystems that benefit local biodiversity, support ecosystem services and promote human health and wellbeing;
29.
Establish and implement green roof and green wall policies for infill and compact development sites;
30.
Establish community education and awareness programs to raise the importance and value of urban ecology in cities;
31.
Plan open spaces to capture the ecosystem services and ecological benefits of informal green spaces;
32.
Support design and maintenance guidelines that enable the creation of habitat complexity in

informal green spaces;
33.
Revise local street design and building set-back controls to support canopy planting and complement lot-based landscape outcomes;
34.
Develop local park design and maintenance guidelines that support urban ecology and sustainability principles;
35.
Support ecological engineering projects that replace grey (conventional) infrastructure;
36.
Implement soft/ecological engineering practices for shoreline protection and coastal revetment structures;
37.
Encourage the establishment of community gardens and Bushcare type programs specifically for parks;
38.
Establish best-practice demonstration projects on publicly owned land;
39.
Make use of interpretative features (including signage) to inform the public of the ecological reasons behind management decisions.
Lot level
40.
Establish maximum built-lot coverage requirements to ensure sufficient area for landscaping and pervious surfaces;
41.
Establish deep-soil requirements to support canopy plantings on private land;
42.
Retain large, mature, hollow-bearing trees;
43.
Encourage the planting of native gardens that include structural complexity and the provision of habitat resources;
44.
Ensure lot-based stormwater and water-sensitive urban design controls to minimise pollution and hydraulic impacts on local streams;
45.
Reduce noise impacts on environmentally sensitive areas through vegetation buffers;
46.
Reduce light pollution in environmentally sensitive areas through the use of narrow-spectrum bulbs, down lights, shields, embedded lights and motion-activated lighting;
47.
Encourage the introduction of parklets with a minimum 75% vegetation area.
Conclusions 
Figure 3 below summarises the necessary process of urban ecology reform to facilitate urban ecology renewal. This will require a coordinated and consistent approach to: 
· address the drivers of biodiversity loss; 
· make use of a range of approaches such as short-and long-term planning, laws, policies, regulations, incentives and education; 
· monitor the urban and natural environment; 
· review the effectiveness of the approaches taken; 
· identify current and emerging threats and opportunities; and 
· develop new, adaptive approaches to arrest biodiversity loss and enhance liveability (Davies et al., 2017). 
At the centre of this strategy is the well-known plan-do-check-act or continual improvement cycle, emphasising that the process of urban ecology renewal, to be sustainable, must be sustained.

The desktop research, community consultation and (limited) ground truthing underpinning this project have prompted a number of additional observations. As built environment professionals – particularly planners and landscape architects – we must broaden our thinking beyond people, place and design to people, place, design and species. There is significant potential for re-wilding of urban places through green infrastructure, but a change of mindset is required, from maintenance to management. This of course involves application of ‘triple bottom line’ life cycle costing, but also requires us to challenge people’s fear of nature and aversion to ‘messy’ landscapes, not to mention dealing with deeply held concerns around crime and personal safety. Forgotten and leftover spaces represent a key opportunity for design intervention – and we need to assemble complex plant palettes to support a biodiverse fauna. This in turn emphasises the significance of cross-disciplinary collaboration in planning, design and management for biodiversity. Last but not least, early intervention, e.g. via masterplanning, project briefs and tender documentation, is critical. Urban greening in the 21st century is not a matter of optional exterior decoration at the tail end of a project.   
Figure 3: Conceptual representation of the process of urban ecology reform.
Source: Urban Ecology: theory, policy and practice in New South Wales, Australia (Davies et al., 2017).
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