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Purpose of this paper
The purpose of this paper is to seek feedback on the proposed approach that Green Star should take
to improve biodiversity and ecological outcomes in the built environment.
This paper outlines the proposed principles, objectives, and potential design of a revised set of credits around
ecology and biodiversity. It provides information on why these issues are important and the value they can bring
to the built environment and our cities, and provides a current understanding of world leading practices. It then
outlines a proposed approach at a building level to show how they could be applied. This paper:
•

Describes the role of biodiversity and ecological value in the built environment

•

Reviews policy frameworks, recent research and related work, as well as international approaches and
practices relevant to the category

•

Establishes guiding principles for the redesign of the category

•

Proposes actions for the revised category (that could incorporate staged improvements)

•

Seeks feedback on the approach recommended for Green Star, by inviting responses to the questions
presented at the end of this paper.

There are many policies, planning frameworks and complementary research outputs that can inform the review
of the Land Use and Ecology category. Where possible, the information contained in this paper refers to
relevant concepts contained in research findings or literature reviews (rather than duplicating them).
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Why are biodiversity and
ecology issues important to
the built environment?
In 2015, the GBCA established a new vision for
healthy, resilient, and positive places for people and
the natural environment. Protecting natural
ecosystems and conserving biodiversity is critical
to this vision.
Worldwide, the percentage of people living in urban
areas will increase from 50% in 2010, to nearly 70%
by 2050 (United Nations, 2015). Australia has one
of the highest percentages of population living in
urban spaces, with 66% of people living in capital
cities. This rapid and growing urbanisation has placed
significant stress on our ecosystems. The economic
value of ecosystems and biodiversity continues to
be of increasing importance in the areas of social,
environmental and economic sustainability. Biodiversity
loss generally results in long-term economic costs that
are not adequately reflected in conventional economic
accounts. Cities ultimately depend on healthy
ecosystems and their components to sustain long-term
conditions for life, health, good social relations and
other aspects of human well-being.

Williamstown High School, Bayview Campus
5 Star Green Star – Education PILOT
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Our approach to ecology
and biodiversity
The following vision inspired the review of the approach to biodiversity and ecology in
Green Star:
“Green Star will drive world-leading ecological and biodiversity outcomes that
create ongoing value for people, places, and the natural environment.”
The review identified five principles to underpin the approach to biodiversity and ecology in
Green Star, and the broader built environment.

1

Protect ecological value, by encouraging development on land of limited value.

2

Minimise ecological impact, by reducing the impact on on-site ecology and biodiversity during
and after construction.

3

Enhance ecological value and biodiversity, by improving the site as a first priority, and only then should
off-site ecology be considered. This key principle will achieve gains in ecological value.

4

Connect ecological networks, by linking or maintaining connections, between native or built
landscape corridors.

5

Create and manage on-site and off-site natural spaces, by constructing new natural environments
within the built environment and encouraging the maintenance of enhancements on-site and off-site.

		
		

		
		
		

		

These five principles serve to achieve the following outcomes in the built environment
(adapted from the summary at Appendix A):
		
		

1

Increase the amount of urban green spaces in cities: Biodiverse urban green spaces provide for a
community and nature connection, as well as providing both environmental and human health benefits.

		
		

2

Increase biodiversity to ensure the healthy functioning of ecosystems: Biodiversity enables ecosystems
to contribute to energy efficient, sustainable, liveable and resilient cities.

3

Connect landscapes and habitat to support biodiversity: Landscape is largely influenced by habitat
mosaics that support biodiversity. Connectivity coupled with measures to improve habitat quantity and
quality, maximises ecosystem function and health, and influences the provision of ecosystem services.

4

Create links between natural and human-made landscapes to support biodiversity and ecological
function: Urban ecological function needs to be augmented by enhancing and connecting the mosaic of
spaces and structures across the natural and human-made landscape.

5

Promote responsible restoration of the environment not just locally, but for the surrounding landscape:
To assist in restoring landscape degradation in Australia and overseas from the use of materials
and resources to develop and operate the environmental asset over time.
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It is proposed that Green Star introduce rewards
for actions that will help to achieve these
outcomes. For example:
•

The selection of sites within current urban boundaries
or sites with limited initial ecological value.

•

Early engagement with state and local governments
to promote aligned responses to increase
urban biodiversity.

•

The protection or enhancement, including creation,
of any environmental qualities of the site that is
being developed.

•

The provision of appropriate facilities and programs
that encourage people to connect with, and care for,
the ecological values of the site that improve
community health.

•

The creation of habitats and ecosystem services
on-site and across the landscape that increase the
resilience of the city.

•

The use of ecological offsets to further promote land
or ecosystem restoration.

Green Star would continue to deny ratings to projects
located in areas of high ecological value, or that
impact on sites of national significance or importance,
as currently defined in the rating tools.

Ginninderry. 6 Star Green Star – Communities PILOT
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The value of ecology
and biodiversity to the
built environment and
its occupants
Increased green spaces, improved urban ecology, and improved biodiversity in cities, buildings and the
built environment deliver significant benefits. These can be grouped loosely around three key areas:

Cities
• cooler cities2

Buildings

People

• anthropogenic noise bugging • pro-nature attitude
and natural sounds

• carbon sequestration
• air purification
• provision of habitat
for plant and animals3
• filtration of airshed and
reduction in pollution4
• reduced obesity and
health costs

• reduction in stress of workers • better health outcomes,
mental and physical
• improvement in attention and
attendance; fewer sick days • increased life expectancy
• improved social connection

• positive effect on anxiety
and mood disorders

• reduced energy use

• energy savings

• safer neighbourhoods

• passive stormwater
management6

• management of on-site
stormwater run-off

• improved social cohesion,
liveability and
local commerce

• resilience to major
storms and
climate events

• cooler and quieter buildings
• increased property value

• Attraction of investment

2
3
4
6

https://theconversation.com/can-trees-really-cool-our-cities-down-44099
https://theconversation.com/go-native-why-we-need-wildlife-allotments-to-bring-species-back-to-the-burbs-69631
https://www.sciencedaily.com/releases/2013/06/130619164708.htm
https://theconversation.com/cyclone-debbie-we-can-design-cities-to-withstand-these-natural-disasters-75287
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Background
The GBCA is Australia’s leading authority on sustainable buildings and communities. Green Star is Australia’s
only comprehensive, national, voluntary environmental rating system that evaluates the environmental design,
construction and operation of buildings and communities.

What is Green Star?
Green Star is an internationally recognised rating system that delivers independent verification of sustainable
outcomes throughout the life cycle of the built environment. Green Star’s mission is to “create sustainable places
for everyone”. Green Star aims to transform the built environment by encouraging practices that:
•

Reduce the impact of climate change.

•

Enhance the health and quality of life of inhabitants and the sustainability of the built environment.

•

Restore and protect the planet’s biodiversity and ecosystems.

•

Promote human dignity and respect.

•

Contribute to market transformation and a sustainable economy.

Green Star is composed of four distinct sustainability rating tools, each relevant to distinct phases of the
built environment:
•

Green Star – Communities: a holistic rating tool for the design and construction of communities and precincts.

•

Green Star – Design & As Built: a holistic rating tool for the design and construction of new buildings
and major refurbishments.

•

Green Star – Interiors: a holistic rating tool for the design and construction of new interior fitouts.

•

Green Star – Performance: a holistic rating tool for sustainable building operations from measured
or verified operational results achieved during a performance period.
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Green Star Future Focus
The GBCA is about to embark on an ambitious journey to reshape our Green Star rating system and bring you the
next evolution of the tools.
Green Star Future Focus will see the rating system evolve and adapt to ensure the sustainable built environment
delivers what it needs to, whilst also responding to global megatrends and emerging challenges.

Credits relevant to this review
In both Green Star – Design & As Built and Green Star – Communities, there are two credits directly relevant
to this review:
•

Sustainable sites, which rewards the use of sites of low ecological value.

•

Ecological value, which compares the condition of the site before and after design/construction through the
Ecological Value Calculator.

In Green Star – Performance, the two credits relevant to this review are:
•

Ecological value, which requires an assessment of site conditions and the development and implementation of
a Biodiversity Management Plan or equivalent.

•

Grounds keeping, which describes management procedures to maintain the building’s landscapes over time.
This ensures that created or conserved landscapes are maintained - and in the case of ecological value –
could be extended to cover relevant ecological values.

The credits for each tool are available on-line (after registration) on the GBCA website.
http://www.gbca.org.au/shop/
The following additional credits across the four Green Star rating tools are also related
to this review: Credit 25 Heat Island Effect, Credit 26 Stormwater (Design and As Built);
Credit 12 Indoor Plants (Interiors); Credit 9 Health & Active Living, Credit 14 Access
for fresh food (Communities), and Credit 26 Stormwater (Performance).
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Biodiversity and
ecological value
Biodiversity, or biological diversity, occurs in terrestrial, aquatic and marine environments and is the
variety of all life forms. There are three levels of biodiversity:
•

genetic diversity — the variety of genetic information contained in individual plants, animals and
micro-organisms;

•

species diversity — the variety of species, and;

•

ecosystem diversity — the variety of habitats, ecological communities and ecological processes.

Biodiversity is not static; it is constantly changing. There are many ways of considering diversity, such as the
number and abundance of species, their distribution in an area, and range of interactions in an ecological system.
It can be increased by genetic change and evolutionary processes, and it can be reduced by threats which lead
to population decline and extinction10. Biodiversity in Australia is currently declining because of the impacts of a
range of threats11.
Ecosystems are complex systems that represent an assemblage of organisms embedded in the abiotic
environment, interacting as a functional unit. Biodiversity and ecosystems are closely related concepts,12 with
diversity and variability as central elements. Habitat, in its simplest definition, is an ecological or environmental
area that is inhabited by a particular animal or plant species. While the classification and management of habitats
is centred on the populations of species of interest, the concept of an ecosystem is centred on the interactions
between its components and its properties as a system.13
Conserving biodiversity is an essential part of safeguarding the biological life support systems on which we
all depend. For example, we need oxygen to breathe, clean water to drink, fertile soil for food production and
physical materials for shelter and fuel. These necessities can be described collectively as ecosystem services.
They are fundamental to our physical, social, cultural and economic well-being.14

Ecology and biodiversity services
The ecosystem services approach is a critically important international framework for the appreciation and
valuation of the impacts of different environment and ecological processes on human wellbeing.17 Ecosystem
services are produced by the functions that occur in healthy ecosystems. These functions are supported by
biodiversity and its attributes, including the number of individuals and species, and their relative abundance,
composition and interactions.18
10

11

Australia’s Biodiversity Conservation Strategy - Convention on Biological Diversity.
http://www.environment.gov.au/biodiversity/publications/australias-biodiversity-conservation-strategy
ibid

12

UK National Ecosystem Assessment (NEA), web site. uknea.unep-wcmc.org/N

13

ibid

14

http://www.environment.gov.au/biodiversity/publications/australias-biodiversity-conservation-strategy

17

Wheeler et al., 2015

18

adapted from Australia’s Biodiversity Conservation Strategy (ABCS), Figure 2, page 19.
http://www.environment.gov.au/biodiversity/publications/australias-biodiversity-conservation-strategy

13

Green Star – Building with Nature

Ecosystem services can be divided into four groups:
•

provisioning services (e.g. food, fibre, fuel, fresh water);

•

cultural services (e.g. cognitive development, social cohesion, spiritual values, recreation and
aesthetic values, knowledge systems);

•

supporting services (e.g. primary production, habitat provision, nutrient cycling, atmospheric oxygen
production, soil formation and retention), and;

•

regulating services (e.g. urban temperate regulation, noise reduction, air and water purification, moderation of
climate extremes, run-off mitigation, waste water, pollination, seed dispersal, climate regulation, pest and
disease regulation).

These groups are mutually beneficial; they support ecological functions that underlie the production of ecosystem
services, whilst also providing for habitat for species and maintenance of genetic diversity.19

Ecosystem longevity is dependent on its resilience
Ecosystem resilience is the capacity of an ecosystem to respond to changes and disturbances, yet retain its
basic functions and structures. The resilience of ecosystems in Australia20 is currently being reduced by a number
of threats, including: habitat loss, degradation and fragmentation; invasive species; unsustainable use and
management of natural resources; changes to the aquatic environment and water flows; changing fire regimes,
and; climate change. For ecosystems to be resilient to these and other threats, they need a healthy diversity of
individuals, species and populations.21
19
20

The Economics of Ecosystem and Biodiversity (TEEB) 2013 in Gomex et al., 2013
http://www.environment.gov.au/biodiversity/publications/australias-biodiversity-conservation-strategy

21

http://www.environment.gov.au/biodiversity/publications/australias-biodiversity-conservation-strategy
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Interactions between cities
and the natural environment
Worldwide, the percentage of people living in urban areas will increase from 50% in 2010 to nearly 70% by 2050
(United Nations, 2015). Australia is no exception to this trend. In 2012, 66% of Australians lived in a capital city
and by 2061 this proportion is projected to increase to 74%. Public open space and green space are considered
important for public health, personal wellbeing and vital for the provision of urban ecosystems services and
maintaining biodiversity in cities22.
Rapid urbanisation will result in a change in land use, landscape and ecosystem structure and function. For
example, urban drainage is often highly modified, with streams removed or diverted by development and
modifications made to rivers, canals, wetlands and other water bodies. The impacts of urbanisation include
landscape fragmentation, biodiversity loss, the creation of urban heat island, increasing greenhouse gas
emissions, changes in hydrology and increases in nutrients and contamination. The effects also have an impact on
human and ecosystem health25.
Urbanisation can be a threat and an opportunity for biodiversity. And although urbanisation is typically considered
detrimental to threatened plant and animals, recent research has revealed that Australian cities support
substantially more nationally threatened animal and plant species than all other non-urban areas on a unit-area
basis. Thirty per cent of threatened species (over 500 of Australia’s threatened species) have populations found
to occur in cities, leading to the need for national conservation policy to recognise that cities play an integral role
when planning for and managing threatened species.26

The concept of urban ecology
Urban ecology encompasses all living organisms (people, plants and animals) in urban environments.27 It
is concerned with the distribution, abundance and behaviour of organisms and their interactions with the
environment and each other. Of particular importance in urban ecology is the interaction between humans and the
rest of biodiversity, including the benefits provided by biodiversity through ecosystem services and the impacts of
urbanisation on biodiversity.28
Urban ecology conceptualises cities as ecosystems. It recognises that humans are inseparable from nature and
that nature occurs throughout cities, not just in green patches and waterways. Urban landscapes comprise
complex and fragmented patterns of built and natural features, within which species respond in diverse ways. The
science of urban ecology requires an integrated approach in which cities are viewed as complex and dynamic
systems that encompass the natural environment and social and technological considerations29.
22

Swanwick, Dunnett et al., 2003 in Davern et al., 2017

23

Pakzad et al., 2015

24

Grimm et al., 2008 in Urban Ecology Desktop Review. Davies P., Corkery L., Nipperess D. et al., 2017

25

Pakzad et al., 2015

26

Ives et al., 2016. Eco investor, 2016 http://www.ecoinvestor.com.au/Stories/Property/Cities-Are-Critical-for-Threatened-Wildlife.htm

27

Parris, K., 2016

28

Blueprint for Living Cities. Davies, P., Corkery, L., Nipperess, D. et al., 2017

29

As described in ‘Blueprint for Living Cities’. Davies, P., Corkery, L., Nipperess, D. et al., 2017
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Recent literature on urban ecology discusses the concepts of ecology ‘in’, ‘of’ and ‘for’ cities,
which proved useful in this report for considering contemporary urban ecology30.
Although it is sometimes useful to view urban landscapes as simple binary divisions between ‘green’ and ‘grey’,
where ‘green’ is natural habitat for biodiversity and ‘grey’, the built environment, is non-habitat31, this is an
oversimplification.32 An urban landscape can be described as a gradient of urbanisation, spanning areas of ‘dark
grey’ through to ‘deep green’, arranged in complex and fragmented patterns created by a myriad of local urban
development decisions. Different species respond differently to the urbanisation gradient,33 with some tolerant of
highly urbanised areas and others able to persist only in those areas least affected by urban development. Given
that natural habitat is often fragmented and urban development is relatively consolidated, the connectivity of green
spaces becomes an important way in which cities can minimise biodiversity loss. 34
Urban areas are highly modified and complex landscapes within which biodiversity continues to play an important
role for both humans and the natural environment. Conserving biodiversity and ecosystems are fundamental to our
physical, social, mental, cultural and economic well-being. Biodiversity loss, however, generally involves long-term
economic costs that are not adequately reflected in conventional economic accounts.35 To address this issue, ‘The
Economics of Ecosystems and Biodiversity’36 study, as a global initiative, is focused on “making nature’s values
visible”. Its principle objective is to mainstream the values of biodiversity and ecosystem services into decisionmaking at all levels.
Despite the perception that urbanisation is disconnected from the natural ecosystem, the reality is that cities
depend on ecosystems and their natural capital to sustain long-term conditions for life, health, good social
relations and other aspects of human well-being. Increasing urbanisation is both increasing the pressure on, and
demands of, our natural capital and ecosystem services37.
Cities that acknowledge and embrace their dependency on ecosystems have made significant gains in green
space38. Singapore’s biodiversity index manual, an internationally endorsed (Convention on Biological Diversity)
approach, addresses some of the common misconceptions of urban biodiversity by stating:

“It is commonly assumed that cities, being urban areas, are devoid of flora and fauna – the reality
is that many cities have rich biodiversity, regardless of geographical location and climate. Some are
even located within or near biodiversity hotspots, while others are important stopover sites for migratory
species. The ecosystem services that urban biodiversity provides to the local area are innumerable
and often undervalued.
Beyond aesthetics, ecosystems regulate the supply and quality of water, air and soil as well as
moderating ambient temperatures. Water supply to urban areas frequently comes from catchment areas within
or beyond the city boundaries; these catchment areas are sustained by natural ecosystems that store and
purify the water. Urban greenery replenishes oxygen, sequesters carbon, absorbs solar radiation, reduces air
pollution, maintains water balance and regulates surface temperature in urban landscapes through shading and
evapotranspiration. Parks and natural areas provide recreational and educational opportunities to residents and
contribute towards the liveability of a city.”

30

For example, Pickett, 2012; Wu et al., 2013; Wu, 2014; McPhearson et al., 2016 in Urban Ecology Desktop Review. Davies, P., Corkery L,, Nipperess D. et al., 2017

31

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017

32

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017

33

McDonnell & Hahs, 2008 in Davies et al., 2017

34

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017

35

TTEV 2010, EEA 2001 (#check reference#) in Gomex et al., 2013

36

http://www.teebweb.org/

37

Gomez et al., 2013

38

Highly-populated cities usually have a higher percentage of impermeable surfaces. Singapore has reversed that trend with a total land cover by

rising from 36% to 47% over a 20-year period.
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The impact of biodiversity, green spaces and people
The benefits of green spaces and biodiversity are known to influence physical activity, mental health,
social, cultural and environmental outcomes.
The evidence for the health benefits of increased biodiversity and access to nature is clear and growing.
For example, the World Health Organisation (WHO) and the Convention on Biological Diversity (CBD) released a
report in 2015 that reviewed the linkages between biodiversity and human health within 1,500 references. The
benefits range from the capacity of land to produce food to the positive impact that access to nature has on
human microbiota.
A separate review of evidence, also by the WHO, summarised the available evidence of the benefits of
urban green spaces to those that used them. The beneficial effects include improved mental health, reduced
cardiovascular morbidity and mortality, obesity and risk of type 2 diabetes, and improved pregnancy outcomes.
Mechanism leading to these health benefits included psychological relaxation and stress alleviation, increased
physical activity, reduced exposure to air pollutants, noise and excess heat. The report outlined the benefits and
provided guidance as to the minimum requirements for both the size and mix of spaces in cities. The review of
findings led the authors to conclude that cities with well-connected and attractive green spaces can be considered
to have healthier citizens and contribute to a stronger economy.
The Australian Government-funded Clean Air and Urban Landscape (CAUL) Hub has also published a report
summarising the benefits of urban green spaces for Australian cities. The report outlines that urban green spaces
are consistently associated with a range of mental health benefits47 and recent reviews provides strong evidence of
the benefits of green over built urban spaces.48 This report considers that this research has potentially far-reaching
implications given the epidemic of stress and mental health in Australia.49
Another report, Quality green space supporting health, wellbeing and biodiversity: A literature review, reviewed the
relationships and benefits of public open space and green space. The report suggested that developing a strategy
to enhance public open green space, particularly in areas with high or increasing housing density, would promote
health, produce essential ecosystem service benefits, protect the environment and enhance biodiversity.
Parks Victoria also hosted the International Healthy Parks Healthy People Congress which explored the many
ways nature contributes to health and well-being. To maintain global momentum, Healthy Parks Healthy People
(HPHP) Central50 evolved to foster better understanding of the links between nature and human health. Parks
Victoria has also recently released its Guide to Healthy Parks, Healthy People.51
Appendix C provides more evidence on the health and wellbeing benefits to people from increased access
to green spaces.
47

Lee, R. 2016

48

Bratman et al., 2012; Hartig et al., 2014

49

Shanahan et al., 2016

50

http://www.hphpcentral.com/

51

http://www.hphpcentral.com/wp-content/uploads/2017/03/Parks-Victoria-HPHP-Guide-2017-Interactive-Final_hi-res.pdf
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Improving urban biodiversity
Recent research52 recommends conservation actions and design interventions that are beneficial for
urban biodiversity. Ecological theory and empirical research demonstrate that increasing the extent, quality
and connectedness of habitats will likely support more species, more ecological communities, and more
ecosystem services.53
Central to current recommended conservation actions54 are activities that:
•

retain and enhance habitat (e.g. by increasing vegetation complexity),

•

connect biodiversity by improving the urban matrix (e.g. by establishing green corridors), and

•

create new habitat to support biodiversity and ecosystem services (e.g. by constructing artificial wetlands).

As part of the recommended conservation actions, evaluation is considered crucial for demonstrating the success
or failure of urban ecosystem projects.55
Biodiversity (measured using pre-defined metrics) should be monitored over the long term because changes
in response to urbanisation can have a significant lag time.56 Standardised metrics for measuring outcomes is
also supported as it allows for comparison across projects and simplifies training in, and the implementation of,
monitoring efforts.57 Close engagement with researchers, practitioners and other stakeholders, including urban
communities, is also important for success.58
52

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017

53

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017

54

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017

55

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017

56

McDonald et al., 2016 in Davies et al., 2017

57

For biodiversity outcomes in terrestrial systems, the Biodiversity Assessment Methodology (BAM) assesses multiple aspects of biodiversity. Adopting the conceptual
framework of Noss (1990), the BAM protocol captures information on the composition (e.g. percent of native species), structure (e.g. coverage of vegetation layers)
and function (e.g. habitat provision) of vegetation remnants. The BAM will calculate the number and class of the biodiversity credits which, if retired, will offset residual
impacts on biodiversity values. The BAM will also be used to calculate the number and class of the biodiversity credits generated by land conserved under a
stewardship agreement. https://www.landmanagement.nsw.gov.au/

58

A future adaptive management process that combines information, monitoring and evaluation, considered necessary for increasing urban biodiversity within
the landscape, is at Appendix D.
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Hydro Tasmania Cambridge. 5 Star Green Star – Office Design v2
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The domestic and
international policy context
Domestic developments
The Australian Biodiversity Conservation Strategy (Strategy) vision is stated as ‘Australia’s biodiversity is healthy
and resilient to threat, and valued both in its own right and for its essential contribution to our existence’. Priorities
for action and outcomes include building ecosystem resilience in a changing climate by protecting diversity,
maintaining and re-establishing ecosystem functions, and reducing threats to biodiversity. Throughout the
Strategy, there are a range of actions relevant to cities, biodiversity and human health. States and Territories have
similar Biodiversity Conservation Strategies, which complement the national and international approach.
State and Local Government planning approaches also have an important role in achieving changes for urban
ecology outcomes. There are various policy and planning approaches for urban ecology that are applicable at
different scales. For example, state governments control legislative and regulatory reform, metropolitan areas are
usually responsible for strategic planning, and councils implement local plans, policies and guidelines, as well as
create and maintain smaller scale reserves and habitats.68 Urban ecology outcomes for individual lots rely heavily
on the action of homeowners, leaseholders and property developers, whose actions are often overlooked, but can
have significant cumulative effect in the landscape.69 There are also a range of reforms which are related to the
work of this review. For example, the NSW Government’s reform package for land management and biodiversity
conservation will be applied to urban zones across NSW and includes the application of a new Biodiversity
Assessment Method70 for the clearing of native vegetation (under particular conditions and at particular thresholds).71
The National Climate Resilience and Adaptation Strategy also identifies cities and the built environment as a priority
area for action, and the recent State of the Environment Report for Australia72 reveals that the outlook for the built
environment remains mixed. A lack of improved coordinated and integrated urban planning, increased population
pressures, and poor design and planning are likely to have increasingly negative future consequences on liveability
and urban environmental efficiency, including transport, land use, and impacts on the natural environment and
human health.73
Continued improvements to the ecology element of rating tools has been identified as ‘instrumental to ensure
sufficient consideration is given to the provision of green space in design and construction’. The Department of
the Prime Minister and Cabinet’s Smart Cities Plan makes specific reference to the important role of the GBCA in
terms of the promotion of urban green space through the Green Star rating tools.
68

Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017
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The Biodiversity Assessment Method (BAM) is a new scientific method that will calculate the number and class of the biodiversity credits which, if retired, will offset
residual impacts on biodiversity values. The BAM will also be used to calculate the number and class of the biodiversity credits generated by land conserved under a
stewardship agreement. https://www.landmanagement.nsw.gov.au/
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https://biodiversity-ss.s3.amazonaws.com/1494412937/State-Environmental-Planning-Policy-Vegetation-Explanation-of-Intended-Effect.pdf.
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Australian Government, 2016. State of the Environment Report
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Commonwealth of Australia, 2016
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The 202020 Vision74 aims to encourage and engage industry by delivering a variety of hubs. These
include the Water Sensitive Urban Design Online Learning Centre and the development of support tools,
such as the Which-Plant-Where Database, which will identify resilient plants for urban spaces. The 202020
Vision for green space identified 10 opportunities, of which, the GBCA has been linked to ‘Developer Incentives’,
which highlights the need to incentivise developers and architects to integrate green space needs within
urban building design and construction practices.

Sustainable Development Goals
The United Nations 2030 Agenda for Sustainable Development is a comprehensive, progressive and innovative
agenda that responds to the many challenges faced by the world today and into the future. It aims to integrate
the social, environmental and economic dimensions of sustainable development. It comprises 17 Sustainable
Development Goals (SDGs), which include 169 targets and 232 indicators.
The UN 2030 Agenda for sustainable development is relevant across multiple scales. It is well aligned with
Australia’s interests - especially in promoting regional stability, security and economic prosperity. Many of the
goals are interrelated and cover environmental aspects, such as energy, consumption and production, climate
change, oceans, and terrestrial biodiversity and ecosystems. The interlinkages between the 17 goals ensures the
environmental aspects facilitate delivery of other economic and social goals.
74

Funded by Hort Innovation Australia
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The Sustainable Development Goals (SDGs)
Biodiversity impact in targets
Directly

Indirectly
1.4; 1.5

End poverty in all
its forms everywhere

2.4; 2.5

2.1; 2.3;

End hunger, achieve food
security and improved nutrition
and promote sustainable agriculture
3.3; 3.4; 3.8; 3.9;
Ensure healthy lives and promote
well-being for all at all ages

4.5; 4.7
Ensure inclusive and equitable quality
education and promote lifelong learning
opportunities for all

Achieve gender equality and empower
all women and girls

6.6

6.1; 6.3; 6.4; 6.5; 6.b;

Ensure availability and sustainable
management of water and sanitation for all

7.3, 7.b
Ensure access to affordable, reliable,
sustainable and modern energy for all

8.4

8.2; 8.3; 8.4; 8.9

Promote sustained, inclusive and
sustainable economic growth, full and
productive employment and decent
work for all
9.1; 9.4; 9.a; 9.b
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inclusive and sustainable industrialization
and foster innovation
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Biodiversity impact in targets
Directly

Indirectly

11.4;11.7;
11a;
11b11.a;
11.b

11.1; 11.3;
11.5;11.6

12.2;

12.1; 12.3;
12.5; 12.6;
12.7; 12.8;
12.b

13.1

13.2; 13.3;
13.a; 13.b

14.1; 14.2;
14.3; 14.4;
14.5; 14.c

14.6; 14.7;
14.a; 14.b

Reduce inequality within
and among countries

Make cities and human settlements
inclusive, safe, resilient and sustainable

Ensure sustainable consumption and
production patterns

Take urgent action to combat climate change
and its impacts

Conserve and sustainably use the oceans,
seas and marine resources for
sustainable development

Protect, restore and promote sustainable use
of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and
reverse land degradation and halt biodiversity loss

Promote peaceful and inclusive societies for
sustainable development, provide access to
justice for all and build effective, accountable
and inclusive institutions at all levels

Strengthen the means of implementation and
revitalize the global partnership for sustainable
development
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15.1; 15.2;
15.3; 15.4;
15.5; 15.6;
15.7; 15.8;
15.9; 15.a;
15.b; 15.c

The importance of green space in nations like Australia is recognised on a global scale throughout the agenda.
The SDGs include a city-specific Goal 11 to ‘Make cities inclusive, safe, resilient and sustainable’. One of the
targets for this goal is directly related to the provision of urban green space: ‘By 2030, provide universal access to
safe, inclusive and accessible, green and public spaces, in particular for women and children, older persons and
persons with disabilities’.75 The benefits provided by green spaces also indirectly contribute to other Sustainable
Development Goals such as Goal 3, ‘Ensuring healthy lives and promote well-being for all at all ages’, Goal 13
‘Take urgent action to combat climate change and its impacts’ and Goal 15 ‘Sustainably manage forests, combat
desertification, halt and reverse land degradation, halt biodiversity loss’. The provision and management of green
spaces will make an important contribution to Australia’s ability to meet the SDGs.76 For more detail on the
relationship between biodiversity and the SDGs see Appendix B.
The International Convention on Biological Diversity (CBD) is dedicated to promoting sustainable development
and considers biodiversity, sustainable use and equity. A focus of the CBD is the cities and biodiversity outlook77
which assessed the links between urbanisation, biodiversity and ecosystem services and developed ten guiding
principles. Working with the World Health Organisation, a State of Knowledge on Biodiversity and Human Health78
has been developed and the International Union for Conservation of Nature (IUCN) has established a health and
well-being specialist group.79 Much of this work has formed the basis of the evidence for health and well-being
benefits that arise from biodiversity.
75

United Nations, 2016.
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Kendal et al., 2016 (and see www.nespurbam.edu.au)
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https://www.cbd.int/doc/health/cbo-action-policy-en.pdf
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https://www.cbd.int/health/summary-sok/default.shtm and see also urban green space and health
http://www.euro.who.int/__data/assets/pdf_file/0005/321971/Urban-green-spaces-and-health-review-evidence.pdf?ua=1.
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https://www.iucn.org/theme/protected-areas/wcpa/what-we-do/health-and-well-being-0
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The Blueprint for Living Cities
Domestically, there are several recent studies that have recently been published. One of the most recent
is The Blue Print for Living Cities, which provides a comprehensive review of current literature and urban planning
frameworks. Although it is applicable to NSW, most of the findings and recommendations can be more broadly
applied to other jurisdictions. The work was developed by the National Green Infrastructure Network and
commissioned by the NSW Office of Environment and Heritage’s Environmental Trust to develop an evidencebased case of embedding urban ecology into decision making frameworks.
The Blueprint for Living Cities establishes four priorities, five principles for success, and seven interconnected
strategies, in order to propose a scalable and hierarchical set of priorities to enable better urban ecological
outcomes through planning, design and practice.
The four priorities are:
•

Protect and conserve: The protection and conservation of remnant ecosystems, where they exist,
is crucial. In an increasingly urbanised world, such remnants provide important habitat and biodiversity.

•

Restore: Where ecosystems have been disturbed, restoration is the preferred option. Restoration includes
bush regeneration and weed management in existing ecosystems.

•

Enhance: Where few existing ecosystems are available for restoration, improving green spaces is the
next best option. This can be done by increasing the area of green spaces and the diversity and
density of vegetation.

•

Create: If none of these options is available, new ecosystems must be created. Green infrastructure
and water-sensitive urban design (WSUD) elements such as green roofs and bioswales can provide
habitats and ecosystem services.
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The hierarchy of interventions is applied at different site conditions. In areas that contain remnant
vegetation, the protection and conservation of such areas is crucial; in the face of the continued
expansion of urban areas, remnant bushland and waterways provide important diversity. Where
ecosystems have already been disturbed, restoration such as through bush regeneration and weed
management may be required. If restoration is not possible because an entire ecosystem has been lost,
enhancing green space is the next option, which can be done by increasing areas of green space and the
density of tree planting. If none of these options is available, creating new habitats may be required, such as
green roofs83.
The Blueprint outlines five principles for success that should underpin decision making:
•

Healthy, functional urban ecosystems are essential parts of our cities and are crucial for the wellbeing
and resilience of people and the environment.

•

Urban development creates risks and opportunities for ecosystems.

•

The renewal of urban ecosystems must be evidence-based.

•

Achieving urban ecological renewal requires collaborative and inclusive partnerships across
sectors and scales.

•

Innovation is needed to capitalise on opportunities for urban ecological renewal.

The seven strategic outcomes for making cities liveable and sustainable are:
•

Retain and enhance habitats to support biodiversity and healthy cities.

•

Reform strategic planning to embed urban ecology.

•

Connect biodiversity across cities through green and blue networks.

•

Design and deliver a green and blue city.

•

Create new habitats to support biodiversity and human health and wellbeing.

•

Develop and implement ongoing engagement programs to increase education and involvement
across the sectors.

•

Align urban ecology policies and practices between levels of government.

The Blueprint for Living Cities also considers the role of the Green Star rating scheme to incentivise the
incorporation of urban ecology and resilience through the Green Star – Communities rating tool and the retrofitting
of building and public space.84 It acknowledges that industry-based sustainability initiatives, like Green Star, can
in their own right lead strategic planning reform and support industry innovation and design to mainstream the
integration of supporting ecology in cities.
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http://www.environment.nsw.gov.au/resources/grants/blueprint-living-cities-policy-practice.pdf
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Other initiatives and supporting information
The Construction Industry and Research Information Association (CIRIA) has developed the first UK
principles85 on good practice to achieve ‘biodiversity net gain’. These principles provide a framework
to improve the UK’s biodiversity by contributing towards priorities to conserve and enhance nature while
progressing with sustainable development. The principles are as follows:

1

Apply the Mitigation Hierarchy.

2

Avoid losing biodiversity that cannot be offset by gains elsewhere.

3

Be inclusive and equitable.

4

Address risks.

5

Make a measurable Net Gain contribution.

6

Achieve the best outcomes for biodiversity.

7

Be additional.

8

Create a Net Gain legacy.

9

Optimise sustainability.

10

Be transparent.

Further guidance on implementing the principles is pending and will be overseen by a variety of stakeholders.
Part of stakeholder consultation involves discussing a credible, proportionate way to audit implementation of
‘biodiversity net gain’. While this is in progress, developments claiming to achieve biodiversity net gain must
provide evidence that clearly demonstrates they have implemented and adhered to the good practice principles.
Domestically, there are also a range of state-based and local government initiatives, and research council and
centres undertaking work related to this review.
For example, technical guidelines for urban green cover86 provide best-practice advice on greening urban areas
to minimise the impacts of increasing urban temperatures. The CRC on Low Carbon Living is also undertaking
research on heat island effects.87
There are also many examples of local governments implementing strategies aimed at increasing the uptake of
green infrastructure and incorporating urban ecology into planning and management, such as through urban
forest, open space and biodiversity strategies. The City of Sydney and the City of Melbourne, have developed
such policy initiatives, and there are also some leading suburban councils.
85
86
87

https://www.ciria.org/Research/Projects_underway2/Biodiversity_Net_Gain.aspx
Such as those developed by the NSW Office of Environment and Heritage (2015).
Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017
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The GBCA is also active in the Clean Air and Urban Landscape Hub of the National Environmental
Science Programme which undertakes research on environmental quality in urban areas that is relevant
to the needs of decision making in government and industry, as well as the general public. A major research
theme is the urban greening and liveable urban systems, urban biodiversity and green infrastructure. There
have been several literature reviews recently published that provide a thorough review on the theory, policy and
practices related to urban ecology. This research will support other Australian Government initiatives, such as the
20 Million Trees Programme, the aim of which is to work with the community to plant 20 million trees by 2020,
creating green corridors and urban forests.
A collaborative South Australian review on the how green space supports health, wellbeing and biodiversity 88
was recently prepared with input from several authors, including from the Clean Air and Urban Landscape Hub.
The review proposed a ‘Green Space Matrix’ which summarised relevant green space characteristics and their
associated benefits, presented principles to achieve co-benefits and a mode of geographically scaled green space
design interventions.
The principles were described as:
•

Promote and protect community and environmental health.

•

Identify community needs.

•

Understand the network of green spaces.

•

Heterogeneity as a target.

•

Consider biodiversity outcomes.

•

Maximise the quality of public open space.

•

Plan for maintenance and irrigation.

•

Type and scale of green spaces.

Design requirements for human health, biodiversity and ecosystem services are often planned in isolation from
each other. However, to build equitable, liveable, healthy and resilient cities, the review considered that planners
need to plan green spaces that achieved multiple benefits including human health, biodiversity and ecosystem
service. In response to this need, the Green Matrix outlines the synergies and benefits, described as physical
health, mental health and wellbeing, social and cultural, ecosystem services and biodiversity. The hierarchical
green space benefits at different geographic scales (city, regional, site scale, sub-site scale) were also considered
by the review.
It should be noted that concurrent with this review of the Green Star Land Use and Ecology Category, the
Infrastructure Sustainability Council of Australia (ISCA) is also reviewing the ecology category of its own rating
tool. Where possible, these processes will deliver complementary outcomes.
88

Davern et al, 2016
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A review of international
rating tools on issues of
biodiversity and ecology
A review of international regulation and policies aimed at enhancing urban green space and ecology has
recently been completed.89 This section provides a high-level comparison of the Green Star mainly with
European and US rating tools.
There are a range of similarities and differences between the respective rating tools and their reward for ecology
and biodiversity practices. In general, most rating tools have criteria which target management of impacts and
enhancement/improvements of ecological features (including beyond the site). For example, the Building Research
Establishment Environmental Assessment Method (BREEAM) framework has five criteria, each with detailed
assessment criteria and guidance that are applied to on-site and surrounding area ecology.
Although there is no common approach to the assessment of biodiversity across the international sustainability
rating tools, there are common aims. This is particularly the case for criteria that relate to ‘site selection’,
‘protection of ecological value’ and ‘operational management and maintenance’. Avoiding sites of environmentally
sensitive areas, and the definitions around those terms, is also a common feature across tools.
In terms of community or neighbourhood rating tools, management of biodiversity is largely guided by the
development and implementation of an ecological strategy or equivalent – and offsets are applied at that scale;
not typically at the building scale.

Improving ecological value
When it comes to improving ecological value of a site, the rating tools use a diverse range of algorithms to quantify area
of impact versus area of ‘effective’ coverage, which is typically described as vegetative and ‘permeable’ surfaces.
BREEAM uses 14 habitat categories (applied nationally) and an algorithm to calculate change in species richness
as an ‘indicator’ of change in ecological value. Such calculations are not used at a precinct, neighbourhood
or community scale; these tools instead rely on a site specific ecological strategy. The USGBC’s rating tool,
Leadership in Energy and Environmental Design (LEED), which integrates certain credit content from the
Sustainable SITES Initiative, does not utilise a calculator at any scale, but instead relies on management plans.
Surface area is a focus of Germany’s rating tool and is calculated by a Biotope Area Factor, which measures
overall effective surface area. It includes permeable and impermeable surfaces, horizontally and vertically (includes
human made) and individual trees. Other approaches utilise multi-assessments which cover a broader range of
design variables, such as: local biodiversity, contribution to landscape, enhancement of public space geotechnical
constraints, microclimatic conditions, impact of employed materials and community participation.90
Green Star – Design & As Built and Green Star – Communities use an ecological value calculator at site and
precinct scale. ISCA’s Infrastructure Sustainability (IS) rating tool adopted and has used this same calculator
since its inception.
89
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Recent industry and advisory groups91 have questioned the usefulness of the existing calculator to
meaningfully characterise site impacts and improvements. Other groups, however, have emphasised
the value in quantifying (and limiting) the extent of impermeable surfaces on site. Regardless, feedback
received by stakeholders suggest that performance based measures of successful urban ecology
outcomes are difficult to assess due to the lack of agreed and consistent metrics.92

Additional features present in other rating tools
There are features of other rating tools which warrant further consideration.
For example, Singapore’s Cities’ Biodiversity Index and Germany’s rating tool utilise an approach which focuses
on habitat connectivity and taxonomic groups. Berlin’s habitat network is based on scientific knowledge which
addresses 34 target species that are both umbrella and flagship species.93 Germany’s rating tool encourages
the active long term settlement of new species (an increase rather than just maintenance) and allows selection of
species from several different groups of genera (for example, bird/bats and butterflies/bees).94 Japan’s CASBEE
tool scores global warming, local environment and the surrounding environment and focuses on improvement of
environmental quality and reduction of environmental load.95
The Living Building Challenge’s Habitat Exchange provides a working example of a scalable biodiversity offsetting
scheme. Although offsets are not typically utilised at the building scale, offset schemes are nationally and
internationally accepted tools, and more recent approaches in Australia allow for scalable application of offsetting.
If the use of offsets was to be considered at the site scale, it could only occur after the appropriate application
of on-site principles and related biodiversity management practices (that includes all efforts to protect/conserve,
restore, enhance and create). Notwithstanding the acceptance of offsetting schemes in regulatory regimes,
standard offset outcomes are often questioned in terms of their effectiveness in delivering commensurate and
long-term biodiversity gains.

Areas of opportunity
A review of international ratings described the following approaches as beneficial for biodiversity (summarised as):
•

Focus on ecological protection (before and after development) and enhancement (habitat and
landscape connectivity).

•

Use of appropriate rewards and definitions of values/indicators.

•

Use of ecologists and promotion of best practice.

•

Monitoring and maintenance.

91

It is understood that ISCA will explore alternatives to the continued use of the calculator, as part of the ecology category review.
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93

94
95

What we heard – Documenting the stakeholder workshops. Corkery, L., Pelleri N, Van den Berg, F. et al., 2017
Umbrella species that typically lead to protection of other species and overall ecological community in the targeted species.
Flagship species are of intrinsic or iconic value.
DGNB, 2016 (in press).
http://www.ibec.or.jp/CASBEE/english/document/CASBEE_brochure_2016.pdf
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The review96 also suggested the following improvements:
•

Standard methods should be established for collating information about changes to biodiversity
as a result of development.

•

Core output indicators should be focused on habitat areas and species within.

•

Assessments of biodiversity better assess the value of habitats that are gained and lost.

•

Focus users on making a genuine contribution to local ecological value, rather than a ‘tick-a-box’ approach.

•

Encourage industry to monitor and therefore maintain and manage habitats created through development.

Recent research emphasises the need for performance-based application and assessment tools to support
ecological outcomes at the lot-to-precinct scale. Such tools can 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 can be used to set quantifiable monitoring and
evaluation frameworks97.
96

In 2009, the UK Green Building Council conducted a review of biodiversity and the built environment, of which the content of their findings is still considered
of relevance today. The review considered environmental assessments and rating tools, and outlined the advantages and disadvantages of the approaches.
A summary of some of the key advantages and areas for improvement have been adapted from the work (updated to include recent improvements to
BREEAM and LEED tools) and included in the review.
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Rewarding biodiversity
and ecology outcomes
in Green Star
In line with the above research, literature findings, and the established urban biodiversity principles,
this section outlines the principles that Green Star should follow in its redesign of how biodiversity and
ecological value is rewarded in the rating system.
Central to the revision of the category is a need to ensure that connectivity (at habitat and broader landscape
scale) is considered during assessments, development of plans and implementation of actions. Over time, it is
envisaged that the long-term biodiversity planning will result in an increase of biodiversity and improve future
decision making on ecological values for the local and regional area (see Figure below). GBCA will also explore
methods of raising the profile and value of the issues of ecology and biodiversity within the rating system,
though the mechanisms will be determined as part of a broader review.

Enhance is the key principle
that will benefit on-site
ecological values (as a priority)
by applying actions to:

PROTECT
ecological
value

MANAGE
on-site and
restore off-site

CONNECT
ecological
networks
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MINIMISE
ecological
impact

ENHANCE
ecological value
and biodiversity

• Protect and Conserve

• Enhance

• Restore

• Create

Protect ecological value
The purpose of this principle is to ensure:
•

Sites of lower ecological value be developed over sites of higher ecological value.

•

On-site ecological values and their connection to other values (within 100m – 5km) are determined at the
planning and design stage.

•

Ecological values are protected before, during and after site development.

•

Ecological values and outcomes should be a foundation tenet to the design, construction and maintenance of
a development.

•

Community engagement is focused on supporting the value of nature in cities.

This principle will assist in achieving the outcomes 1 and 2:
•

Increasing urban green spaces in cities, that also encourages a community and nature connection.

•

Increasing green space and biodiversity to improve ecosystem function.

Recommendations
Green Star should promote development on sites with lower ecological value that are aimed at restoring and
create new habitats. This may include contaminated sites or previously developed land. It should also maintain the
conditional requirement for project site impacts on ecologically sensitive areas/matters. However, an assessment
of ‘ecological value’ should not be only restricted to (avoidance of) ecologically sensitive areas. By doing so,
the broader values of biodiversity present on a site (i.e. that do not involve an ecologically sensitive area) could
go unrecognised. Furthermore, a site that has low value in terms of ecological sensitivity may have high urban
biodiversity value. It is, therefore, proposed that a revised assessment to determine ecological value be introduced.
This assessment would require the identification, mapping, and high-level assessment of quality of terrestrial
and aquatic habitats. This should be completed early in order to determine the recovery potential and prioritise
opportunities for protection and restoration.
A checklist and mapping of habitats could be utilised to assess value of the site. This will give an early indication,
not only of value, but also of the recovery potential and opportunities for protection and restoration. Several
international and national mapping tools are available, e.g. Normalised Difference Vegetation Index, City Lab –
Treepedia and i-Tree eco etc. The CAUL is also undertaking research on mapping the current state of urban green
spaces. This work will involve setting realistic goals for increasing various types of urban greening and developing
a method to meet and assess those goals. In the absence of an agreed method, proponents should consider the
applicability of adopting the local or state governments’ preferred (best practice) mapping method.
The assessment would also be required to consider adjacent and connected habitats and values. The baseline
assessment should assess direct and indirect site impacts and habitat quality and give consideration of functional
and structural connectivity requirements.
The checklist could require review of existing planning approvals to assess if a Biodiversity Management Plan (or
equivalent) was required and be used to determine the site’s distance to biodiversity values. These values could
be based on existing established classifications that can be broadly adapted to the scale of the built environment
(e.g. nationally important through to locally/site important biodiversity values). Diverse and early consultation with
communities will ensure inclusion of ‘community’ significant biodiversity features such as turtles, owls, or lizards
(that may occur at the regional, local or site scale), encourage acceptance of humans in nature and deliver
a focus on the ‘community and nature connection’ in design.
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For example, for a building the project team would be required to consider:
•

Regionally significant biodiversity values (5 km). Identified by state-based biodiversity strategies,
state-wide conservation programs, state and regional environmental plans and ecologically sensitive areas
(identified through state and commonwealth biodiversity conservation legislation and planning instruments or
consideration of condition classified by the Interim Biogeographic Regionalisation for Australia, or equivalents).

•

Locally important biodiversity values (500m). Identified through state-based biodiversity action plans (or
equivalent) or Local Environmental Plans or local scale conservation programs.

•

Connected and/or adjacent biodiversity values (100m). Identified through urban forests strategies, presence of
water courses (including streams), wetlands (including ponds); presence of assemblage of native grasslands
and shrubs and trees and associated fauna.

The checklist will also assess the presence of features within or on the boundary of construction, and require the
features to be protected through appropriate site preparation and construction management plans. Those features
would include, for example:
•

Trees more than 10 years old or 100 mm (diameter at breast height) and/or of significant ecological value (i.e.
older, larger trees).

•

Presence of established native trees, shrubs, grasses or forbs, and waterways.

•

Human-made infrastructure and habitat features (including artificial habitats or non-native habitats), currently
or potentially used.

This assessment would assist in identifying connections and ecological value, and allow for considerations to
minimise impact and enhance ecology and biodiversity. It will also assist to protect existing ecological features
during site preparation and construction. More detailed habitat quality/quantity and values are to be determined
through habitat and landscape assessment and could be conducted later in the category’s rating process. The
approach will allow progression to additional criteria in order to promote continued enhancement of the site, even
if the site is determined to be of limited ecological value.
There would also be requirements for a management plan (in line with existing codes of practice for construction),
to protect and improve ecology value on site and after construction has finished. This plan would need to include
community consultation, so as to ensure the early identification of, and response to, ecological values that
promote engagement and acceptance of humans in nature and deliver a community and nature connection.

Minimise ecological impact
The purpose of this principle is to ensure ecological impacts are minimised on-site by:
•

Avoidance of impacts.

•

Establishment of baseline benchmarks for effective areas and habitats.

This principle will assist in achieving outcomes 1, 2 and 3, by:
•

Increasing green space and biodiversity to improve ecosystem function.

•

Determining baseline ecological values on-site, while considering broader habitat connectivity objectives.
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Recommendations
The focus for this principle is the avoidance of impact, i.e. promoting retention of ecological values.
A later principle identifies management actions (conservation or restoration) that result in additions or
improvement to those values.
Evidence of minimising impact will require a baseline assessment that collates information about direct changes
to on-site ecology that are the result of development. Changes to on-site ecology can also have indirect or off-site
ecological impacts and these should be considered as part of the baseline assessment. A baseline assessment
requires a method (with metrics) to measure pre- and post-development changes in biodiversity that considers
indirect and offsite impacts. Offsite impact assessment would involve finer-scale mapping of the location and
condition of terrestrial and aquatic habitats of the local and regional area. Proponents should adopt or adapt, if
available, appropriate state or local government methods.
The current ‘ecological value’ criterion relies on the output from a calculation of ‘change in ecological value’. The
change in ecological value is determined by comparing the ecological value of the site at time of purchase to the
ecological value of the site as built, and calculates the percentage of improvement between the two. To calculate
the value the total area of the site is divided into sections of the same land type. This approach is not dissimilar to
the rating tool calculations which utilise habitat classification systems to broadly measure/characterise changes.
The updated BREEAM rating tool relies on a measure of diversity (species richness and cover) of plants on site
expressed as an area-weighted average of plant species richness for broad (nationally applied) vegetation habitat
types. This utilises plant species as an indicator of the development’s impact on the site’s existing ecology.
The applicability of the continuation of the current change in ecological value calculator should be considered.
Although a change in effective surface area (permeable versus impermeable surfaces - that includes retention of
green space and soils and vegetation connected and unconnected to soil) remains a useful metric, a more detailed
characterisation of habitat is required to assess total ecological value.
A possible option for this method could involve the retention of the measure for effective surface areas,
supplemented with a more detailed habitat assessment. Although there is no single adopted approach to habitat
assessments, there are a range of state and local government tools available which include scalable (rapid)
assessments. These tools cover a typical range of metrics that could be utilised. In general, assessments should
take into account habitat types (classification and composition), site condition (habitat structure and condition),
site context (connectivity) and species presence, including potential presence, and their habitat requirements. The
application of metrics will be based on site condition and will therefore need to be site specific; not all metrics will
be applicable to all sites. Some metrics could, for example, involve the following98:
Site Condition

Site Context and Features

Species Habitat Features

Large Trees (including height and
cover canopy) and recruitment of
woody perennials

Size of patch and connectedness
(portion of boundary connected to
vegetation)

Quality and availability of food and
foraging, breeding and shelter
habitats

Shrub canopy and native perennial
grass cover

Context (distance to surrounding
vegetation and permanent water
point and waterways)

Species mobility capacity
Likely presence (or future presence)
of threats to species

Native plant species abundance
Ecological networks (proximity to
and richness (trees, shrubs, grasses corridors)
and forbs)

Role of site to overall population
(limits of distribution)

Non-native plant cover, organic litter
and coarse woody debris

Presence of tree hollows

98

Largely adapted from Qld’s 2017 ‘Guide to determining terrestrial habitat quality’.

36

Green Star – Building with Nature

Human made structures and
modification to site (used/disused)

Enhance ecological value and biodiversity
This is the key principle which will deliver the main gain for ecological value, with a focus on on-site
enhancements, which will include creation. The purpose of this principle is to:
•

Encourage actions that enhance on-site, and where appropriate, off-site local ecological values.

•

Promote priority actions – protection/conservation, restoration, enhancement and creation of
ecological values.

•

Allow off-site additional priority actions to provide for ‘additional’ benefit, but only after application of all on-site
priority actions (including biodiversity management practices).

This principle will assist in achieving outcomes 1, 2, 3 and 4 by:
•

Increasing green space and biodiversity to improve ecosystem function.

•

Enhancing ecological values on-site to support biodiversity as a priority.

•

Enhancing ecological value and connectivity in the local area, including between built and natural
environments, in order to further support biodiversity and ecological function.

Recommendations
Central to this principle is a tiered approach that prioritises the ongoing protection, conservation, restoration,
enhancement and creation of ecological values on-site, with particular consideration given to improving on and
off-site structural and functional connectivity. The tiered approach focuses on improving biodiversity values,
habitats and ecosystems, rather than mitigation for loss or maintenance of status quo.
The aim of the principle is to ensure an ‘additional benefit’, which may require not only on-site improvements
but also off-site actions. In this context off-site actions are not standard compensatory offsets, but instead aim
to provide for additional benefits by allowing actions that maximise local connectivity. Off-site actions would be
only be applied after the proponent has committed to (and where appropriate, already applied) all priority actions
on-site (including creation) as well as any other relevant biodiversity management practices (i.e. demonstration
of avoidance, minimisation/mitigation of on-site impacts and the on-site application of the priority actions). For
this principle, off-site actions must give priority to the local area. Off-site actions must be direct, tangible and
measurable outcomes that increase urban biodiversity values that support structural (local habitat designs) and
functional (actions benefitting local priority species) connectivity relevant to the site/local area (i.e. adjacent
site/connected areas and local priorities).
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The tiered approach is based on current research (including the Blueprint for Living Cities) and will
be applied to local biodiversity values at the building scale. The approach, however, will able to be
applied to larger scales (i.e. be scalable). Actions are listed in order of priority and are to be guided by
a focus on improved connectivity.
Protect and Conserve - The ongoing protection and conservation of existing of high quality biodiversity values
is a minimum requirement. It may support restoration and enhancement through appropriate management regimes.
Restore – Where biodiversity has been disturbed, restoration is preferred. This may include management activities
such as regeneration and weed management. These management activities may support enhancement or
creation of new habitats.
Enhance - Involves more active management that improves quality and quantity of habitat and values - it may
involve expansion of existing habitats or even creation of new habitats, which may ultimately support new values.
Create - Involves a focus on expansion of habitats and values by inclusion of human-made structures (e.g. nesting
boxing) and ecosystem supported services (e.g. ecosystem services/green infrastructure99 – green roofs and
bioswales) that benefit existing or newly created habitats and values. This should identify habitats that provide
ecosystem services and enhance resilience, and should encourage green infrastructure features that are linked to
the ecological values and landscape design of greenspace.
A Biodiversity Management Plan should be the core product detailing recommendations for the enhancement of
the on-site, and where appropriate, off-site ecological values. There will need to be demonstrated performance/
compliance with recommended enhancement actions. The Plan should:
•

Recommend actions related to the objective to ‘conserve, restore, enhance and create’ that facilitate
functional and structure connectivity primarily in the local areas (within 100m – 500m) – with key actions
agreed with the local authority and a suitably qualified ecologist.

•

Based on the assessment of change from baseline, establish meaningful enhancement benchmarks based on
appropriate metrics and thresholds to measure improvements (including performance over time).

•

Ensure that any on-site or building specific attributes include the adoption of locally relevant ecological
measures that consider off-site ecology. This will require evidence of input from, and provision of information
to, local government authorities and other stakeholders. This includes community consultation and
demonstration of a participatory approach, if appropriate, in order to encourage acceptance of humans
in nature and the consideration of community and nature connections.

If a Biodiversity Management Plan is already in place it will be amended to incorporate the above elements.
99

In this paper the term green infrastructure includes both green and blue infrastructure.
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Connect ecological networks
The purpose of this principle is to minimise long term impacts by:
•

Maintaining enhancements on and off-site, that facilitate and maintain ecological networks across
the landscape.

•

Ensuring a focus on structural and functional landscape connectivity.

This principle will assist in achieving outcomes 1, 2, 3 and 4 by:
•

Increasing green space and biodiversity to improve ecosystem function.

•

Enhancing ecological value and habitat connectivity across the landscape, including between built and
natural environments, in order to further support biodiversity and ecological function.

Recommendations
For this principle, off-site connectivity must consider the broader region/landscape. Ecological networks will
include structural and functional connectivity across the landscape. Structural connectivity will incorporate
complementary on- and off-site habitat and landscape designs, so as to facilitate and maintain connectivity across
the broader landscape.
Ecological networks will improve when fragments or patches become increasingly connected. Some actions may
involve the extension of an existing green corridor or habitat ‘stepping stones’. This could largely be achieved,
although not exclusively, through increasing areas of green spaces and connectivity of vegetation, which will
increase species richness and cover and support an increase in biodiversity over time. To encourage an increase
in connectivity or a reduction in barriers to connectivity, connectivity or the level of connectedness of patches or
plot (i.e. reduction distance from each other) should be measured over time.
For functional connectivity, several species (and their habitats’ requirements) from different groups of genera
could be determined by a broader consideration of key taxa relevant to the local and landscape scale. Change
in species richness, i.e. an increase in number of targeted species occupying (roosting, feeding etc.) the site and
within the local area could be measured over time.
A Landscape and Habitat Plan, as an annexure to the Biodiversity Management Plan will include actions to
improve ecological network values. The Plan will:
•

Recommend actions, related to the objectives of the tiered approach, that will be implemented spatially
and temporally to establish and maintain ecological networks in the landscape (up to 5km or beyond, if
appropriate) – with key actions agreed with the local authority/ies and a suitably qualified ecologist/s.

•

Based on the assessment of the change from baseline, establish meaningful enhancement benchmarks
based on appropriate metrics and thresholds to measure ecological network improvements (including
performance over time, both spatially and temporally).

•

Demonstrate evidence of input from, and provision of information to, local and state government authorities
and other stakeholders. This includes community consultation and demonstration of a participatory approach,
if appropriate, in order to encourage acceptance of humans in nature and the consideration of community
and nature connections.
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Manage on-site and restore off-site
The purpose of the principle is to ensure the long-term management of biodiversity by:
•

Demonstrating on-going maintenance of, and improvements to, established biodiversity values.

•

Conducting on-going monitoring (spatially and temporally) and appropriately staged performance evaluations.

•

Applying adaptive management, to allow for modifications or interventions, as needed.

•

Engaging, collaborating and educating stakeholders.

•

Undertaking novel or innovative approaches that maximise long-term biodiversity gains.

This principle will assist in achieving outcomes 1, 2, 3, 4 and 5 by:
•

Increasing green space and biodiversity to improve ecosystem function.

•

Enhancing ecological value and habitat connectivity across the landscape, including between built and natural
environments, in order to further support biodiversity and ecological function.

•

Promoting on-going leading practice management regimes to secure long-term diversity and ecological
function across the landscape.

Recommendations
A long-term management strategy will focus on adaptive management of habitats and landscapes, in particular for
actions that promote the establishment, maintenance and on-going improvements of biodiversity values, habitats
and ecological networks. The approach will need to be flexible and determined on a case-by-case basis, but will
need to involve engagement, education and collaboration with key stakeholders. The performance measures will
be specific to long term maintenance and management outcomes. An important feature will be the demonstration
of long-term reporting and collaborative arrangements with local government and other relevant stakeholders. The
adaptive approach should maximise consideration of biodiversity values, and result in the appropriate selection
of future conservation actions and landscape design interventions. The ultimate aim is to establish an adaptive
management framework for urban ecology in the local and regional area.
Some other examples of engagement, education and collaboration may include: consolidating and sharing
information (e.g. green mapping, habitat assessments etc.) to enable local government plans to remain current
(e.g. street tree masterplans, green and blue grids); working with state and local government to adaptively
manage the integration of urban ecology principles in buildings, streets, parks and public places, and; supporting
community engagement in relevant local planning decision making. Communities of Practice between industry,
planners, ecologists and community representatives could also be established.
Other possible actions may involve supporting a network of community biodiversity champions (to manage
specific recommended actions) or educating schools, the community and local government by linking them with
urban biodiversity science (citizen science), community health in nature, or volunteering programs. A participatory
approach with the community would foster long term benefits, not only for biodiversity, but also for the acceptance
of humans in nature and the inclusion of community and nature connections.
Innovative approaches could drive small to large scale reforms, such as: developing technical assessment
guidelines and specifications to support urban ecology principles in design, construction and operations of
buildings; developing a standard protocol and evaluation framework for the monitoring of urban biodiversity
by state and local government, or; developing an offset methodology specific for urban biodiversity.
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The application of additional standard or novel offsets approaches could be considered as part
of this principle, as a last resort. That is, however, only after application of all proceeding principles
and their associated elements.
Offsets can be direct (e.g. purchase of habitat that benefits local urban biodiversity) and indirect (e.g. research
based or towards a trust or a financial partnership with local government to align urban ecology policies and
practices between local areas), and could involve the application of innovative approaches, like ecosystem
service or green infrastructure credits. Offset would require close scrutiny and would need to be closely
managed, monitored and evaluated.

Ginninderry. 6 Star Green Star – Communities PILOT
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Possible implementation
approach and timeline
The outcome for this review will be considered as part of the major review of the Green Star rating system.
This will allow for the outcomes and subsequent credit design to be incorporated into, or update, other related
credits. It is envisaged that the Land Use and Ecology category credits will result in design and construction
features that are likely to influence outcomes for other categories. This however, will be dependent on the
final design of the credits and how they are implemented.
An example of a possible implementation approach and timeline is provided below.
2018

2019

2020

Advocate and continue to
work with proponents to
refine revised approach.
Establish minimum
requirements, partially
integrate principle
elements into existing
framework. Consider
integration elements with
other credits.

Continue progressive integration so
that principle elements of the revised
approach are included. Increase
requirements. Release Innovation
Challenges with full set of requirements
to Local Government and key
stakeholders. Identify updates for other
relevant credits.

Adopt full set of requirements. Promote
ongoing innovation and integration with
local planning frameworks, ecologists
and community groups.

Given the inter-relatedness of each principle, it may be preferable for partial and progressive integration of related
aspects for each principle. This could occur alongside the existing category framework and result in staged
changes. For example, the calculation for ecological change could be complemented with baseline assessments
and phased out once the assessment methodology is well developed/tested. Alternatively, integration could
include uptake of specific principle elements. For example, Principle 1 (Protect) and 3 (Enhance), could be
implemented with the requirement of early engagement and guidance of the local authority and an ecologist in the
form of a Biodiversity Management Plan or equivalent. In this case, implementation would be flexible and would
not limit or preclude the application of smaller or larger scale actions. An important element of the credit design
will be the level of weighting afforded to the key principle – enhance. A substantial weighting would lead to upfront
urban ecology improvements in the landscape, which could directly influence future ecological values and
drive uptake of future management actions.
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Your feedback
We value your feedback on the proposed principles and the possible implementation approach
outlined above. The questions below may assist you in preparing your submission, but they are not
intended to limit your response/feedback.
The Principles

Barriers and Limitations

Opportunities

Do you think the principles are
right? Are they achievable?

What is stopping us from achieving
the principles?

What opportunities or alternatives
exist?

Is there anything missing?

What are the barriers and
limitations?

Can the barriers or limiting factors
be overcome? If so how?

Are there principles which need
more explanation?

Are there any other challenges?

Are there alternative or better
(existing) approaches (or elements
of) that could be adopted?

If they are not achievable, why not?

Is the approach scalable – can it be
applied to the ‘lot’ and ‘precinct’
scale?

Are there existing tools readily
available that could be adopted?

How far off are we in achieving the
principles?

Is each principle a logical
progression to the next?

What do we need? What are the
priorities?

How do they fit with current
practices?

Are there any unintended
consequences?
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Appendix A. Role of
Biodiversity
Biodiversity can be a significant component of urban
green spaces – urban green spaces provide for environmental
and human health benefits.
Green open spaces protect our natural lands, ecological reserves, wetlands, and other green areas. These spaces
provide healthy habitats for humans and ecosystems in the built environment. Natural landscapes are considered
vital to preserving regional ecosystems and their biodiversity amid growing cities.100
Access to vegetated areas such as parks or open spaces is associated with better perceived general health,
reduced stress levels and reduced depression. Increasing accessibility to these spaces has the potential to
increase levels of physical activity, increase mental health benefits and reduce healthcare and other costs.
Trees and vegetation can assist in cooling a city as part of an adaptation strategy to offset global warning and the
urban heat island effect. Vegetation in cities can also provide ecosystem services including helping to remove air,
soil and water pollutants.
Contact with biodiversity, not just natural habitats, has important positive impacts for human health. Psychological
and physical benefits of contact with nature increase with species richness and habitat diversity101 and recent
evidence suggests that rapid decline in global biodiversity may contribute to the increasing prevalence of allergies,
asthma and other chronic inflammatory diseases.102 Numerous researchers have postulated that without the
dilution effect of biodiversity, disease transmission may be more prevalent in the landscape.103

Biodiversity is central to the healthy functioning of ecosystems
– ecosystems deliver services that contribute to energy efficient,
sustainable, liveable and resilient cities.
There are six documented ecosystem service benefits to the urban environment. These are: storm water
abatement; improved air quality; urban heat island mitigation; improved communities and reduction of social
vulnerability; greater access to green space; and landscape connectivity. 104Ecosystem services also have a role in
carbon sequestration and storage, energy efficient, noise reduction and waste treatment.105
The concept of ecosystem services captures the role that water and vegetation in or near the built environment
plays in delivering services at different spatial scales (building, street, neighbourhood and region). It includes all
‘green and blue spaces’ that may be found in urban and peri-urban areas, including parks, cemeteries, gardens
and yards, urban allotments, urban forests, single trees, green roofs, wetlands, stream, rivers, lakes and ponds.106
100
101
102
103
104
105
106
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Parks Victoria, 2017.
Sanider et al., 2015
Hanski et al., 2012 in Sanider et al., 2015
Keesling et al., in Sanider, et al., 2015
Meerow et al., 2017
Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017
EEA 2001, Gomez et al., 2013
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Besides contribution to quality of life, urban ecosystems services can be a major source of
resilience for cities, and enhance the ability to deal with environmental and socio-economic shocks.107
Some examples include temperature regulation by vegetation to reduce health impacts from heat waves,
reduction of potential damages from storms and waves by mangroves,108 and alleviation of flooding and
pressure on aging storm water systems by green space.109 A higher proportion of green areas, including
green roofs, helps to restore a flow of rainwater similar to the natural one and can significantly contribute to
lowering and delaying peak storm water run-off. Climate impacts from urban heat island effect can be
mitigated by green areas of land, green roofs and green façades.110
The three most common approaches to green infrastructure focus on the role of ecosystem services, green
engineering and linked green spaces.113 An ecosystem services approach focuses on the ecosystem services
produced by nature. A green engineering approach aims to replace grey infrastructure with green infrastructure.
A linked green spaces approach emphasises the importance of connected green networks throughout landscapes.
Importantly, the more diverse green spaces and landscapes, the greater the capacity a city has for mitigating and
adapting to a broad range of external shocks and changes.114
Ecosystem services can also play a significant contribution to habitat services (habitat provision and
enhancement), often providing refuge for many species of birds, amphibians and insects.115 For example, welldesigned green roofs can provide habitat for species affected by urban land-use changes. Such sites can be an
important resource for the whole region for species with high dispersal capacity. Urban biodiversity also helps
maintain the ecosystem services of pollination and seed dispersal.

Landscapes and habitat connectivity supports biodiversity and
maintains ecosystem function.
Cities support a range of natural and modified habitats in close proximity to each other. Cities, by their nature,
are frequently located in areas where biodiversity resources are concentrated, such as on rivers and along the
coast.116 In most cases these have been heavily altered and have lost the ability to support the same diversity of
life as they once did. In other cases, through protection, restoration or chance, they continue to support remnants
of the surrounding landscape that have been incorporated into the urban environment. The resultant urban
ecosystems are considered non-equilibrial communities,117 subject to ongoing rapid changes and a high degree
of disturbances.
Landscape is largely influenced by habitat mosaics that support biodiversity, and as a result, ecosystems and
their function. Connectivity has implications for many ecological processes, such as the long-term conservation of
native habitats.118
107
108
109
110
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114
115
116
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Gomez et al., 2013
Gomez et al. 2013
Voskamp and Ven de Ven, 2015, in Meerow et al., 2017.
Oberti et al., 2017
Pitman et al., 2015
National Environmental Science Program, Department of the Environment and Energy, 2016
Melles et al., 2003
Brennan, C., 2008
In a perpetual state of re-assembly by species that can tolerate an unpredictable assortment of competitors or consumers. They are
subjected to rapid changes, intense inputs, and high degree of disturbances, with many species persisting only in habitat sinks.
Lookingbill et al., 2016
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Connectivity within the landscape is about maintaining functional connection between patches of
habitat and allowing free movement of species from one area to another.119 Corridors expand habitat,
enable recolonisation and connect gene pools.120
By definition, connectivity is the degree to which the movement of organisms is facilitated or impeded across a
landscape. It is key to how that landscape functions ecologically.121 It is a particularly critical issue in urban areas
as these areas typically comprise very large numbers of (often small) habitat patches separated to varying degrees
by impermeable surfaces and barriers (i.e. buildings and roads).
Land use changes have modified the extent and structure of native vegetation, resulting in fragmentation of native
species habitat.122 By definition, habitat fragmentation is the opposite of connectivity and is the degree to which
habitat patches in the landscape become physically and functionally isolated. It can occur when contiguous
patches are sub-divided into smaller areas or when the surrounding matrix becomes too hostile to allow
movement between neighbouring patches. The remaining patches are smaller and more isolated, which limits the
resources available to plants and animals and restricts movement between areas.
Existing approaches to biodiversity conservation and management often focuses on patterns, but it is important
to understand and protect ecological processes that operate at multiple geographic scales.123 Pattern refers to the
spatial arrangement of species and habitats, whereas process refers to their interactions with each other and the
environment.
Although connectivity is increasingly seen as a requirement for effective conservation in the landscapes, it is often
complex to determine appropriate design.124 Species have different minimum area requirements and different
movement abilities, so that landscape designs suitable for one species (or group of species) may be inappropriate
for other species. In response, connectivity should be characterised in structural and functional terms:
•

Structural connectivity measures habitat contiguity and is dependent on the landscape structure
independently of any attributes of organisms moving through the landscape space.
Functional connectivity measures habitat contiguity with reference to the attribute of a particular organism
(or group of organisms) moving through the landscape space.125

Designing connectivity is also complicated by the range of methods and analyses that can be used to combine
information on landscape pattern and species life history characteristics for species-specific assessments of
potential connectivity.126 However, it is generally agreed that a significant component of green space in the building
design can contribute to rebalance the environmental conditions and protect the habitat of the site.127 Not only
does habitat retention benefit biodiversity at a local and potentially regional scale (as discussed above), it
benefits environmental condition and establishes green infrastructure on a site scale.128
119
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Brennan, C., 2008
NSW Office of Environment and Heritage
Casalengo et al., 2017
As also referred to in State of the Environment Report (SOE 2017) and the Convention on Biological Diversity.
Landscape ecology and landscape change, OEH
Adapted from Lechner et al., 2017.
Casalengo et al., 2017
for example, Lookingbill et al., 2017.
Oberti et al., 2017
Oberti et al., 2017
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More recent research has revealed that connectivity of natural and semi-natural habitat in cities and
towns have also almost exclusively focused on measuring from a two-dimensional perspective (e.g. using
optical remote sensing data).129 This can be particularly problematic in urban systems because of the heterogeneity
in vegetation canopy complexity, both spatially and volumetrically. Even small areas of green space (e.g. individual
public parks, domestic gardens) comprise a wide diversity of vegetation types in close proximity to each other,
and the vertical distribution of that green space is important in governing the connectivity between patches. Many
organisms do not move in a two-dimensional space but utilise one or more strata of the vegetation.
Such studies highlight the complexity of connectivity requirements and emphasises the need for understanding
variation in order to meaningfully quantify connectivity at a species or ecosystem service provision level.130
Urban planning needs to consider complex ecological and social processes operating in different periods and at
different scales within a region in order to protect and encourage the establishment of urban ecosystems.131 The
large spatial extent of urbanisation and its impacts on the connectedness of ecosystems in landscapes means
that, for many conservation actions, landscape-scale approaches are necessary. Often, planning decisions and
assessments of development impacts on biodiversity are made at a small spatial scale or are based on only a few
species. This can lead to the accumulation of impacts at larger scales, leading to the degradation of ecosystems
through the incremental loss of habitat, reductions in habitat quality, and the introduction of multiple stressors.
At the scales of district planning and local planning, the protection of existing habitats and the creation or reestablishment of green corridors can link and connect habitats. Strategic planning at the neighbourhood or suburb
scale must connect with planning at the bioregional scale to incorporate vegetation corridors that
connect habitats.132

Connectivity coupled with measures to improve habitat quantity and
quality, maximises ecosystem function and health and influences the
provision of ecosystem services.
Connectivity can be considered in three ways. From the perspective of a single species, connectivity is
connectedness between patches of suitable habitat. From a human perspective, connectivity often refers to
patterns of vegetation. Finally, from an ecological perspective, connectivity needs to be considered as being made
up of ecological processes at multiple scales. 133
There are three major types of landscape connectivity usually considered in ecology134:
•

Corridors – linear or linear-like feature the connect core area of habitat.

•

Stepping stones – like corridors, stepping stones can provide additional habitat to those species that are not
area sensitive; although a small patch may not support the diversity of larger patches, the cumulative
conservation of small patches in the landscape is substantial.



– Stepping stones can be isolated patches of vegetation, single trees, wetlands, or small dams.135 The
patches become a corridor when the distance between them is small enough for some species to be able to
move from one patch to the next. Even single trees are valuable and can act as stepping stones or provide
habitat for some species. Studies show that up to three-quarters of native bird species may use patches of
less than 1 hectare in some way.136

129
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Casalengo et al., 2017
Casalengo et al., 2017
Faehnle et al., 2015 in Davies et al., 2017
Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017
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•

Matrix – in modified landscapes many species use the matrix as habitat. Scattered trees in the
matrix can be used by bats, woodland birds and reptiles. Although there is potential value in the
matrix for some species, the matrix is usually considered inhospitable to most organisms.
– Species vary in their ability to use and successfully cross the matrix and other barriers between
their favoured habitat patches.137

Nodes (potential habitat patches) and links (associated with corridors and stepping stone between habitats)
requirements will vary within the ecological network.
Ecotones138 are also increasingly recognised as key structures in preserving biodiversity and maintaining
landscape connectivity.139 Within an ecological network, ecotones function as an extension of forest edges which
can increase the intra-patch connectivity; these areas play the role of stepping stones that enhance inter-patch
connection among forest habitats. Recent research reveals that woody habitats smaller than 1ha are potential
stepping stones for establishing connection between larger source patches of forest.
Landscape ecology is a conceptual framework centred on the idea of the landscape as a matrix of patches
and corridors, which link to each other and create a network for species distribution throughout landscapes.140
Landscape ecology establishes a series of principles with the potential to inform the conservation, planning
and design of landscapes in urban and rural areas. Landscape professionals have considerable opportunity to
influence functional connectivity across a landscape. Actions taken with the intention of increasing connectivity
as part of an ecological network141 142include:
•

Creating new corridors or improving the quality of existing corridors between habitat patches.

•

Creating new stepping stones or improving existing stepping stones between habitat patches.

•

Changing aspects of the matrix to improve permeability, use and to reduce mortality for particular species.

•

Introducing buffer zones around core habitat patches.

Planning decisions can also decrease fragmentation and ensure larger patches. Strips of continuous vegetation
between habitat patches, for example, can facilitate the movement of some species . Retained small stands of
remnant vegetation, and even single trees between remnant fragments, can act as ‘habitat stepping stones’,
enabling species to traverse through the urban matrix. Large, mature native trees have been shown to have higher
value for biodiversity conservation than smaller, younger trees. In Brisbane, for example, the number of remnant
trees on vegetated streets was positively correlated with bird species richness and abundance in new high-density
suburban housing developments.144
137
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Connectivity and Ecological networks, note 01/2016
An ecotone is a border zone, where ecological systems meet and mingle, often describe as a zone of junction or a transition area between two biomes.
Hou, 2016
Forman & Godron, 1986 in Davies et al., 2017.
Connectivity and Ecological networks, note 01/2016
The Landscape Institute has published a paper on the role of green infrastructure as an ecological network of nature, semi-natural
and man-made infrastructure that support natural and ecological process, as well as providing benefits for human and well-being.
Tewksbury et al., 2002; Angold et al., 2006 in Davies et al., 2017
Barth et al., 2015 in Davies et al., 2017
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Efforts should also target an increase the amount of habitat available for urban biodiversity by improving
the suitability of the urban matrix (urban land that surround patches of remnant habitat). Davies et al. state that
this can be done by: increasing the density of native trees and retaining large (>80cm diameter at breast height)
mature trees (native or non-weedy exotics) throughout landscapes; using native vegetation to increase the
structural complexity of ground-storey and mid-storey layers and reducing the intensity of management practices
(e.g. mowing and the removal of logs, branches and leaf litter) that can reduce structural complexity, and
increasing the provision of habitat resources that are limited in urban areas, such as tree hollows.145
Reduction in the amount of effective impervious surface cover in catchment is also important. This can be
achieved by minimising impervious surface cover, unsealing urban soils and decreasing the connectedness of
impervious surface to waterways (e.g. through WSUD).
Improvements to connectivity will be most effective if carried out in conjunction with other measures to improve
habitat quantity and quality. These actions can also have wider benefits, by influencing the provision of ecosystem
services that the landscape provides.146

Habitat mosaics across the landscape and urban environment
supports biodiversity.
Ecology in cities usually focuses on terrestrial and aquatic patches within the city as an analog of non-urban
habitats, with the urban fabric typically considered as the ‘inhospitable’ matrix. Ecology of urban ecosystems,
however, incorporate biological, social and built components and differs from ecology in the city by treating entire
urban mosaics as social-ecological systems.147 Biodiversity in urban areas is of particular importance given that
urban ecological systems are in intense interaction with human-social systems.148
In addition to acquiring and restoring habitat patches, stepping stones and corridors, urban ecological function
needs to be augmented by enhancing and connecting the mosaic of existing spaces and structures across natural
and human-made landscape that can serve as urban habitat and benefit the entire social-ecological system.
Opportunities exist in many diverse forms from urban forest edges, residential properties and water bodies,
through to the built infrastructure and industrial sites. In additional to these more human-occupied sites, small
undisturbed and undeveloped areas that support high diversity also exist in urban areas. Both human-made and
natural refuges need to be considered so that potential connection can be made to other patches in the metapopulation149 network150.
Structural diversity also needs to be considered. For example, in urban forest ecosystems, snags, decaying logs,
leaf litter and ground cover, provide habitat for many organisms. Spatial heterogeneity, complex vertical structure,
and diverse vegetation composition all contribute to higher bird species richness. Urban forests – including trees
along streets and trees in parks and residential property – can provide substantial habitat for various species.
For example, birds use tree canopies for breeding, roosting, and feeding (frugivorous species). Likewise,
invertebrates including pollen and nectar feeders depend on urban trees for food and habitat151.
145
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Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017
Connectivity and Ecological networks, note 01/2016
Pickett et al., 2016
Yli-Pelkonen at. al., 2005
Network of patches, corridors and matrix that support multiple subpopulations
Martin, Urban Ecosystems
Wheater et al., 1999 in Martin, Urban Ecosystems.
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Similarly, residential backyard gardens and residential property can be valuable habitat, as they
often contain an ideal mixture of open and sheltered space. Even small changes can bring significant
habitat benefits. For example, mixing clover with grass seed can provide resources for nectar-feeding insects.152
Industrial sites and brownfields are another example of potential sites for urban habitat. These areas can be
structurally complex, which means there is the opportunity for multiple forms of habitats. Additionally, the low
fertility common on these sites can create a refuge for species with low competitive ability that are often excluded
from more productive sites.153 Contamination containment and plans for remediation are usually necessary for
ensuring long term health of these sites and surrounding areas.
Building garden walls and rooftops can cover a substantial area in cities. As previously outlined, in addition to
reducing urban heat island effects and stormwater run-off, these surfaces can enhance biodiversity, specifically for
birds and insects.
Application of the principles of landscape ecology, including interactions among patches, corridors, and metapopulation habitat networks, is valuable for achieving and maintaining urban ecological health.
In addition to the above strategies, plant and animal species can benefit from man-made habitat, pathways and
resources. There are many examples in the literature of effective man-made supplements to the urban habitat,
such as nesting boxes, bird boxes, artificial chimneys, and construction of amphibian tunnels under highways to
minimise road barrier effects. Recently, a Biodiversity Sensitive Urban Design protocol154 has been developed for
urban design that aims to create net benefit to native species and ecosystems through the provision of essential
habitat and food resources.
Deciding what should be prioritised in planning (e.g. compact urban design or suburban development, or
concentrated pocket parks versus forested areas for nature play) is essential for designing future urban
ecosystems. The full range of available green infrastructure, such as green roofs, green walls, urban agriculture,
and other more commonly considered green spaces such as parks, should be used in developing corridors and
patch frameworks that enable species to persist in the urban matrix and ecosystems to continue functioning.155
The economic benefit of biodiversity as green infrastructure has also been the subject of studies that have
attempted to quantify the economic benefits generated by an individual tree, or the collective value of the
ecosystem services delivered by an urban forest.156 The benefits include air pollution reduction, storm water
run-off reduction, direct carbon capture, indirect emission reduction from the cooling effects of tree shade, and
higher sales prices of houses in leafy streets. For example, a study of stormwater management costs reveals that
urban forest provided stormwater management benefits valued at US$122 million in Austin, Texas. This value was
realised through avoided additional retention, detention and treatment capacity.157
The City of Melbourne has valued its green spaces, which include 55,000 mature trees, at AU$500 million dollars.158
Amenity valuations established City of Melbourne’s urban forest as having an approximate worth of $700 million.
Valuing the urban forest solely on the basis of an amenity formula does not account for the environmental
benefits provided by the urban forest.159
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Valentin et al., 2004 in Martin, Urban Ecosystems.
Kendle et al., 1997, Wheater et al., 1999 in Martin, Urban Ecosystems.
Garrard et. al., 2017
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Appendix B. Sustainable
Development Goals
Many of the Sustainable Development Goals (SDGs) are directly environmental in focus or address the
sustainability of natural resources. Individual goals focus on health, food and agriculture, water and sanitation,
human settlements, energy, climate change, sustainable consumption and production, oceans, and terrestrial
biodiversity and ecosystems. Noting the interlinkages between the 17 Goals, efforts to give effect to the
environment aspects will facilitate delivery of elements of the other economic and social goals.
Australia will deliver its first Voluntary National Review on the 2030 Agenda at the United Nations High Level
Political Forum in July 2018. The Voluntary National Review provides an opportunity to highlight Australia’s
achievements, priorities and challenges – both domestically and internationally – in advancing the 2030 Agenda.
A recent report of the Secretary-General, “Progress towards the Sustainable Development Goals”(E/2017/66)
outlines progress across all goals up to 2017.
The review of the ecology category provides an opportunity to further assess the synergies between ecology/
biodiversity, green infrastructure and ecosystem services and the environmental, social and economic targets
of the SDGs. Although outputs from the review will mainly align with the environmental dimensions of the SDGs
(for example, Goals 11,13,15), the ecosystems services that arise from uptake of, and improved connection of
biodiversity values, along with the interaction of biodiversity and human health, will result in a range of direct and
indirect contributions towards delivering the goals (for example, Goals 3,7,12,17).
The final section of the Convention on Biological Diversity (CBD) and the World Health Organization’s (WHO) 2015
report Connecting Global Priorities – Biodiversity and Human Health160 , outlined health and biodiversity linkages
that should be reflected in the post-2015 sustainable development agenda. It recommended that the linkages be
well-integrated with other sustainable development concerns. This included performing an evaluation of synergistic
and antagonistic effects of complementary SDGs and targets, and by recognising the role of conservation and the
sustainable use of biodiversity with regard to the ecosystem-based determinants of human health.161
The report revisited the United Nations Conference on Sustainable Development (UNCSD, Rio+20), outcome
document, “The future we want”, which agreed to establish a process to develop the SDGs as a key part of the
United Nations development agenda beyond 2015.

“We reaffirm the intrinsic value of biological diversity, as well as the ecological, genetic, social, economic,
scientific, educational, cultural, recreational and aesthetic values of biological diversity and its critical role in
maintaining ecosystems that provide essential services, which are critical foundations for sustainable development
and human well-being. We recognize the severity of the global loss of biodiversity and the degradation of
ecosystems and emphasize that these undermine global development, affecting food security and nutrition, the
provision of and access to water and the health of the rural poor and of people worldwide, including present
and future generations…” 162

160
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162
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There are several internationally and nationally recognised summary reports which have extensively and
comprehensively reviewed the evidence.
http://sdg.iisd.org/news/cbd-who-report-discusses-linkages-between-biodiversity-and-health/
UN, The Future We Want, 2012
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While one of the goals is focussed specifically on human health, others also address important and
closely-related components of human well-being including the eradication of poverty, food security
and nutrition, availability of water and sanitation, sustainable consumption and production, and access
to modern energy. Biodiversity is considered to be related to each of these components. This is evidenced
by the fact that although biodiversity is addressed explicitly in goals, it also features in several sub-targets
including those related to food and water.
The report states that the:
Sustainable development framework must not only acknowledge the role of biodiversity for its
contribution to development, but also provide the enabling conditions for its conservation and sustainable
use by promoting transformational change in economies and societies. This not only requires improving
governance, considerably strengthening institutional and cross-sectoral collaboration at multiple scales,
and coordinating global responses, it also demands behavioural change and building human capabilities
through access to education and health care (CBD 2013b).
Within the SDG process, unique opportunities to advance the parallel goals of improving health and other
social dimensions of sustainable development can be maximized by harnessing opportunities that deliver
joint benefits, such as measures and policies at the intersection of nutrition, urban health, and
non-communicable diseases.
The report examined the relationship between health and biodiversity, and identified cross-cutting indicators and
the direct and indirect biodiversity elements of all 17 (of the then) proposed goals and targets (see Appendix
B.1 for cross-cutting indicators). Although this work examines the proposed post-2015 goals, whose targets
and indicators have been subsequently adopted with revisions, the goals have remained unchanged. The fact
that most of the 17 goals contain biodiversity elements emphasises the contribution biodiversity and ecosystem
services deliver towards achieving the goals.
The report concludes that:
Health is our most basic human right and one of the most important indicators of sustainable
development. Conservation and sustainable use of biodiversity is imperative for the continued functioning
of ecosystems at all scales, and for the delivery of ecosystem services that are essential for human health.
There are many opportunities for synergistic approaches that promote both biodiversity conservation
and the health of humans…
An enhanced understanding of health–biodiversity relationships will allow for the adjustment of
interventions in both sectors, with a view to promoting human well-being over the long-term. Integrating
linkages at the biodiversity–health nexus in public health, conservation and sustainability strategies will
contribute not only to improved health and biodiversity outcomes but also to poverty alleviation,
disaster-risk reduction, and sustainable development more broadly in line with the SDGs goals.
Both the SDGs and the objectives of the CBD Strategic Plan 2011–2020 will require adequate levels of
resource commitment, citizen action, professional development, capacity building, and other factors,
but what is most needed overall is a fundamental shift in how western societies tend to view nature as
separate from human values and needs…
In this light, connecting the global priorities of biodiversity and health is not only prudent; it is a form
of long-term insurance for community resilience and the well-being of future generations.
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The Future We Want report also reiterated the importance of implementing the Strategic Plan for Biodiversity
2011-2020, and achieving the ‘Aichi’ Biodiversity Targets adopted at the Tenth Conference of the Parties to the
Convention on Biological Diversity. The Aichi Targets are 20 targets across 5 (A-E) strategic goals:
Strategic Goal A: Address the underlying causes of biodiversity loss by mainstreaming biodiversity
across government and society.
Strategic Goal B: Reduce the direct pressures on biodiversity and promote sustainable use.
Strategic Goal C: To improve the status of biodiversity by safeguarding ecosystems, species and
genetic diversity.
Strategic Goal D: Enhance the benefits to all from biodiversity and ecosystem services.
Strategic Goal E: Enhance implementation through participatory planning, knowledge management and
capacity building.
There are strong links (both direct and indirect) between health and biodiversity which are relevant to CBD’s Aichi
Targets.163 Appendix B.2 outlines a range of health topics, their associated health and biodiversity co-benefits and
their relationship to the Aichi targets.
Actions that support implementation of the Aichi Biodiversity Targets provide opportunities to improve both global
human health and ecosystem health. While all the targets have potential linkages to health and well-being, Aichi
Target 14 focuses explicitly on ecosystem services that contribute to health, livelihoods and well-being.
The 2016 Thirteenth Conference of the Parties on the CBD, amongst other outcomes, took note164 of the CBD
and World Health Organisation’s (WHO) publication Connecting Global Priorities: Biodiversity and Human Health,
a State of Knowledge Review and further recognised that biodiversity and human health are interlinked in
various ways.
163
164
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B.1. Cross-cutting Indicators1
Issue

Cross-cutting indicators

Water and air quality

•

Biological / health hazards of source water from different sectors
(e.g. agriculture; mining; energy development)

•

Chemical integrity of source water (e.g. pesticides, endocrine disrupting
compounds, and harmful algal blooms (cyanotoxins).

•

Shifts in lychen species (as an indicator for air quality)

•

Nutritional status (e.g. type and prevalence of nutrient deficiencies)

•

Food species diversity

•

Status of unmanaged agrobiodiversity (e.g. pollinators, pests, predators)

•

Time spent / distance travelled accessing foods

•

Income and dietary intake from traditional foods, including wild foods

•

Land used for producing traditional foods

•

Prevalence of malnutrition / diet-related non-communicable disease

•

Food yields from various resources (e.g. crops, fish/aquaculture, hunting)

•

Outbreaks of food-borne disease

•

Land use change (e.g. % area, pace of change, intensification)

•

Use of agrobiodiversity in healthcare interventions (e.g. intervention type, species used)

•

Areas of intact habitat in high risk areas

•

Status of wildlife populations (distribution, movement, abundance, diversity, conservation status)

•

Outbreaks of zoonotic, water-borne, vector-borne and food-borne disease (frequency,
distribution, morbidity, mortality)

•

Outbreaks of human / wildlife / livestock / plant disease

•

Water availability, vulnerability and quality

•

Land use change (e.g.% area, pace of change, intensification)

•

Outbreaks of infectious human/wildlife/livestock disease

•

Use of biodiversity for primary medicinal resources (e.g. % of total medicinal use, %
income derived from sale of traditional medicines)

•

Status of key species and related habitats

•

Indigenous population indicators – movements, density, births, morbidity and mortality

•

Areas of intact habitat in high risk areas

•

Encroachments and degradation (e.g. wetland reclamation, deforestation, urban sprawl)

•

Population density in high risk areas

•

Dependence of population on local ecosystems for food / medicine / income
(e.g. % of total population income, income derived from ecosystems, etc)

•

Area of land experiencing erosion, deforestation, drought, desertification

•

Frequency and severity of disasters

•

Population displaces by disasters, and degree / pace of return

•

Prevalence of disease after disasters

•

Land use change (% area, pace of change, intensification)

•

Indicators of climate adaptation and mitigation measure implemented
by other sectors on biodiversity and human health

Food security, nutrition, and
noncommunicable diseases

Infectious diseases

Medicinal resources

Disaster risk and
climate change

1

Adapted from COHAB Initiative, unpublished
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B2. Health & Biodiversity Co-benefits: Aichi Target Summary Table
Health Topic

Health Sector Opportunity for Health Relevant Aichi Biodiversity Targets
and Biodiversity Co-Benefits

1. Food

Direct
Recognise and promote dietary
diversity, food cultures and their
contribution to good nutrition
Recognise synergies between
human health and sustainable use of
biodiversity

T1; T4;T5; T6; T7; T13; T14;

Indirect
Promote sustainable production
harvesting and conservation of
agricultural biodiversity
2. Water

Direct
Integrate ecosystem management
considerations into health policy
Indirect
Promote protection of ecosystems
that supply water and promote
sustainable water use.

T1; T5; T8; T9; T14;

Promote protection of ecosystems
that supply water and promote
sustainable water use
3. Disease
Regulation

Direct
Integrate ecosystem management
considerations into health policy

T1; T2; T5; T8; T9; T14;

Indirect
Promote ecosystem integrity
4. Traditional
Medicine

Direct
Recognise contribution of genetic
resources and traditional knowledge
to traditional medicine
Indirect
Protect genetic resources and
traditional knowledge
Ensure benefit sharing
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T1; T5; T13; T9; T14; T16; T18;

5. Modern Medicine

Direct
Recognise contribution of genetic
resources and traditional knowledge
to modern medicine
Recognise and monitor the impacts of
drug accumulation on ecosystems

T1; T5; T13; T14; T16; T18;

Indirect
Protect genetic resources and ensure
benefit sharing
6. Physical, mental
and cultural wellbeing

Direct
Integrate ‘values of nature’ into health
policy, including mental health and
non-communicable diseases

T1; T2; T11; T12; T13; T14; T18;

Indirect
Promote protection of values, species
and ecosystems
7. Adaptation to
Climate Change
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Indirect
Promote ecosystem resilience and
conservation of genetic resources
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T1; T3; T5; T8; T10; T14; T15;

Appendix C: Health and
well-being benefits of
biodiversity and green
space – Outline of evidence

165

There are numerous health benefits associated with access to green space and biodiversity. In general, there is
growing evidence of a positive relationship between human health and well-being in connection with green space
and biodiversity. This evidence is reflected in several national and international reports and studies which are
summarised below.

Connecting Global Priorities – Biodiversity and Human Health
The Convention on Biological Diversity (CBD) and the World Health Organization’s (WHO) 2015 report Connecting
Global Priorities – Biodiversity and Human Health,166 reviewed the breadth of knowledge on the linkages between
biodiversity and human health, and the impact of a decline in biodiversity and ecosystem services on health.
Based on knowledge from a wide range167 of scientific disciplines, the report provides a comprehensive overview
of the complex relationships between biodiversity and human health in thematic areas.168 It also profiles linkages to
other global concerns, including climate change and to the post-2015 sustainable development agenda, including
the Sustainable Development Goals (SDGs).169 Further discussion on the relationship of the SDGs and biodiversity
and human health are at Appendix B.
The report outlines thematic areas where biodiversity and ecosystem services influence the determinants of human
health, including: water resources and wetland ecosystems; air quality; food security; nutrition; infectious diseases;
non-communicable diseases; biomedical discovery; health care and pharmaceuticals; traditional medicine; and
mental, physical and cultural dimensions of health.170
With regard to cross-cutting issues, the report reviews knowledge on the relevance of biodiversity-health linkages
for the following global concerns: climate change; increasing resilience and disaster risk reduction; and sustainable
consumption for a growing world population. The report also reviewed ways to integrate health and biodiversity
strategies and identified needs for further research.171
165
166
167
168
169
170
171
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This outline of evidence should be read in conjunction with the summary of literature at Appendix A – Role of biodiversity.
There are several internationally and nationally recognised summary reports which have extensively and comprehensively reviewed the evidence.
over 1,500 references cited
http://sdg.iisd.org/news/cbd-who-report-discusses-linkages-between-biodiversity-and-health/
ibid
ibid
ibid

Green Star – Building with Nature

Key findings of the report include:172
Biodiversity, food production and nutrition: Biodiversity is the basis for crops, livestock and farmed fish
and other parts of agricultural production and aquaculture. Genetic diversity ensures continuing improvements
in food production, allows adaptation to current and future needs including in response to climate change.
For this reason, reduced access to, and global declines in terrestrial, marine and freshwater systems will present
major public health challenges for resource-dependent human populations, particularly in low- and middle- income
countries.
Microbial diversity and non-communicable diseases: Interaction with microbes present in the environment are an
important part of the healthy maintenance of our human microbiota. Reduced contact of people with the natural
environment and biodiversity, and biodiversity loss in the wider environment, leads to reduced diversity in the
human microbiota, which itself can lead to immune dysfunction and disease.
Considering microbial diversity as an ecosystem service provider may contribute to bridging the chasm between
ecology and medicine/immunology, by considering microbial diversity in public health and conservation strategies
aimed at maximising services obtained from ecosystems.
Infectious diseases: Biodiversity plays a complex role in disease emergence, with benefits in some contexts
and threats to human health in others. Human changes to, and degradation of ecosystems, such as modified
landscapes, intensive agriculture and antimicrobial use, may increase the risk of infectious disease transmission.
While areas of high biodiversity may, in some cases, contain a high number of potential pathogens and contribute
to the spread of disease. In some contexts, biodiversity may also serve as a protective factor for preventing or
reducing exposure to infectious agents.

Urban green spaces and health – A review of evidence
A growing body of evidence shows a connection between human health/well-being and the design of towns, cities
and regions.173 Research in this field is emerging and continues to be undertaken by several key sectors.174
Such research is supported by the World Health Organization’s 2016 Urban green spaces and health – a review
of evidence175 report which summarises the available evidence of beneficial effects of urban green spaces. The
beneficial effects include improved mental health, reduced cardiovascular morbidity and mortality, obesity and
risk of type 2 diabetes, and improved pregnancy outcomes. Mechanism leading to these health benefits included
psychological relaxation and stress alleviation, increased physical activity, reduced exposure to air pollutants, noise
and excess heat.
The report examined the characteristics of urban green spaces that were associated with specific mechanisms
leading to health benefits, and developed indicators of green space (availability, accessibility and use) from the
perspective of their public health relevance. The report also examined metrics to monitor progress towards goals
set in international commitments, such as the Parma Declaration in the WHO European Region and the
Global SDGs.
172
173
174
175
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http://www.unep.org/newscentre/report-health-and-biodiversity-demonstrates-human-health-benefits-protecting-biodiversity
http://www.hphpcentral.com/article/urban-planning-and-the-importance-of-green-space-in-cities-to-human-and-environmental-health
http://www.hphpcentral.com/article/urban-planning-and-the-importance-of-green-space-in-cities-to-human-and-environmental-health
http://www.euro.who.int/__data/assets/pdf_file/0005/321971/Urban-green-spaces-and-health-review-evidence.pdf?ua=1 Over 250 references cited.
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The proposed indicators measured accessibility of green spaces and defined minimum sizes
suitable for physical activity and mental relaxation. The available evidence suggested that there is a
need for small, local green spaces very close to where people live and spend their day, as well as large
green spaces, offering formal provision such as playing fields, and opportunities to experience contact with
nature and relative solitude. The report further concluded that a city of well-connected, attractive green spaces
that offer safe opportunities for urban residents for active mobility and sports as well as for stress recovery,
recreation and social contact, is likely to be more resilient to extreme environmental events, such as heat waves
(due to the mitigation of urban heat island effect) and extreme rainfall (due to reduced surface run-off). Such a
city is considered to have healthier citizens, reduced demands on health services and contribute to a stronger
economy.
The work describes the evidence of health benefits of urban green spaces, as follows:
•

key pathways linking green space to improved health and well-being;

•

evidence of health benefits of green spaces;

•

mechanisms of potential pathogenic effects of green spaces;

•

characteristics of urban green spaces associated with specific health benefits or hazards;

•

differential health benefits of green spaces in specific population groups; and

•

co-benefits of urban spaces unrelated to health effects.

The key pathways (the mechanisms leading to health effects) linking green space to improved health and wellbeing and the evidence of health benefits of green spaces are summarised further below.
Despite the many studies on the restorative effects of national parks and reserves, these are not the most
accessible option for most city-dwellers. Urban parks are an alternative, but creative, natural interventions in urban
spaces that encourage incidental interaction with green space can also produce much benefit.176
The pathways that link urban green space to improved health and well-being are complex interactions. Access to
green space may produce health benefits through various pathways, some of which may have a synergistic effect.
The report outlined the various models proposed to explain the observed relationship between green space and
health, such as four principles and interacting pathways177 described as: improved air quality, enhanced physical
activity, stress reduction and greater social cohesion.
176

http://theconversation.com/green-for-wellbeing-science-tells-us-how-to-design-urban-spaces-that-heal-us-82437 and see http://www.euro.who.int/en/health-topics/
environment-and-health/urban-health/publications/2017/urban-green-space-and-health-intervention-impacts-and-effectiveness-2017
177
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The key pathways linking green space to improved health and well-being are summarised as:
Improved relaxation and restoration - from two main theories: psycho-physiological stress reduction
theory178 and attention restoration theory.179
Improved social capital – there is a well-known protective effect of social relationship on health and wellbeing, while social isolation is a known predictor of morbidity and mortality.180
Improved functioning of the immune system – the immune system benefits from relaxation provided by
the natural environment or through contact with central physical or chemical factors. Children with the
highest exposure to specific allergens and bacteria in their first years were least likely to have allergic
sensitisation. Exposure to diverse microorganism plays an immunoregulatory role.181
Enhanced physical activity, improved fitness and reduced mortality – physical inactivity is the fourth
leading risk factor for global mortality. Physical inactivity is becoming increasingly common in many
countries with major implication for the prevalence of non-communicable diseases and the general health
of the population worldwide. A systematic review of 60 studies from the US, Canada, Australia, New
Zealand and Europe on the relationship between green spaces and obesity indicators, found that the
majority of research showed that green space is associated with reduced obesity; the relationship could
be modified by age and socioeconomic status.182
Anthropogenic noise buffering and production of natural sounds – evidence suggests that a well-designed
urban green space can buffer the noise, or negative perception of noise emanating from
non-natural sources.183
Reduced exposure to air pollution – vegetation can dampen the impacts of road traffic and industries
and improve air quality in urban residential areas.184
Reduction in urban heat island effect – evidence of the cooling effects of parks, street trees and green
roofs;185 reduction in demand for air conditioning186 and shelter from wind (reduction in heating
demand in winter).187
178
179
180
181
182
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184
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For example, Ulrich et al., 1991 in Urban Green Spaces and Health
For example, Kaplan and Kaplan 2011 in Urban Green Spaces and Health
For example, Yang et al., 2016 in Urban Green Spaces and Health
For example, Lynch et al., 2014 in Urban Green Spaces and Health
For example, Lachowycz & Jones, 2001 in Urban Green Spaces and Health
For example, González-Oreja et al., 2010 in Urban Green Spaces and Health
For example, Bowler et al., 2010a in Urban Green Spaces and Health
For example, Shisegar 2014 in Urban Green Spaces and Health
Lafortezza et al., 2009 in Urban Green Spaces and Health
Jenerette et al., 2001 in Urban Green Spaces and Health
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Enhanced pro-environmental behaviour – can be induced by external stimuli, particularly by
experiencing natural environments.188 The wide adoption of pro-environmental actions can
contribute to addressing detrimental effects of human impacts on the environment.
Optimised exposure to sunlight and improved sleep – natural light contains spectrum of light
wavelengths and those living in greener neighbourhoods have a lower risk of insufficient sleep.189
The evidence of health benefits of green spaces is summarised below,190 with only some examples of
the research findings provided.
Improved mental health and cognitive function – studies of green spaces and health have demonstrated
stronger evidence for mental health benefits, and for stress reduction, compared with other potential
pathways to health.191 192Greater surrounding green space at home and school is associated with improved
cognitive development (better working memory and reduced inattentiveness) in school children.193
Reduced cardiovascular morbidity – an intense use of green space is associated with a reduced risk of
cardiovascular disease.194 Walking in parks has a greater effect on reducing heat rate and diastolic blood
pressure than walking in a busy urban street.195
Reduced prevalence of type 2 diabetes – cross-sectional observational studies in the Netherlands,
Australia and the United Kingdom demonstrated significant associated between neighbourhood
greenness and reduced odds of having type 2 diabetes mellitus.196
Improved pregnancy outcomes – a systematic review and meta-analysis showed that access to green
space in close proximity to the homes of pregnant women was positively associated with birth weight.197
Reduced mortality – evidence that exposure to green space is linked to reduced mortality rate is
accumulating.198 A recent longitudinal study of approximately 575,000 adults in Canada found that
increased residential green space was associated with reduction in mortality.199
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Annerstedt van den Bosch & Depledge 2015 in Urban Green Spaces and Health
Astell-Burt et al., 2013
The report summarises all findings, including those with mixed results, and so should be viewed in its entirety.
Vries 2010 in Urban Green Spaces and Health
Gascon et al., 2015 in Urban Green Spaces and Health
Dadvand et al. 2015 in Urban Green Spaces and Health
Tamosiunas et al., 2014 in Urban Green Spaces and Health
Grazuleviciene et al., 2015 in Urban Green Spaces and Health
Astell-Burt et al., 2014 in Urban Green Spaces and Health
Dzhambov et al., 2014 in Urban Green Spaces and Health
Gascon et al., 2016 in Urban Green Spaces and Health
Villeneuve et al., 2012 in Urban Green Spaces and Health
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Other reviews
There are many other comprehensive reviews undertaken on the health benefits of green space; the
details of which have not been captured in this summary. By way of example, the Economics of Ecosystems
& Biodiversity’s (TEEB Netherlands) 2012 report Green space and health outlined the benefits of green
environment in two specific areas. First, in the area of depression or anxiety, and second, in preventing obesity
(relevant to diabetes). A tentative up-scaling of the benefits of a green environment to 10 million people showed
that benefits could be as high as EUR 400 million. The largest proportion would be due to healthcare savings as
the annual number of employees reporting sick would be reduced.200
The Secretariat of the Convention on Biological Diversity (2012) Cities and Biodiversity Outlook201 delivered 10 key
messages related to biodiversity and cities, with several of relevance to biodiversity and human health/well-being.
Those messages also included reference to relevant studies and evidence.

1

Urbanisation is both a challenge and an opportunity to manage ecosystem services globally.

2

Rich biodiversity can exist in cities.

3

Biodiversity and ecosystem services are critical natural capital.

4

Maintaining functioning urban ecosystems can significantly enhance human health and well-being.

5

Urban ecosystem services and biodiversity can help contribute to climate-change mitigation and adaptation.

6

Increasing the biodiversity of urban food systems can enhance food and nutrition security.

7

Ecosystem services must be integrated in urban policy and planning.

8

Successful management of biodiversity and ecosystem services must be based on multi-scale,
multi-sectoral, and multi-stakeholder involvement.

9

Cities offer unique opportunities for learning and education about a resilient and sustainable future.

10

Cities have a large potential to generate innovations and governance tools and therefore can—and must—
take the lead in sustainable development.

Evidence of benefits – Australian context
Clean Air and Urban Landscape (Research) Hub
The Australian Government-funded Clean Air and Urban Landscape (Research) Hub has outlined the extensive
research into the wide range of effects that urban green spaces have on urban environments, and the people,
plants and animals that live in them.202 The Clean Air and Urban Landscape Hub also prepares research briefs
relevant to urban biodiversity and greening. Each brief describes the current state of knowledge and expected
research outcomes, which focuses on the needs of research end-users. There are currently three available briefs
that cover enhancing urban greening, the benefits of urban greening, and improving liveability.203
200
201
202
203
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https://www.cbd.int/financial/values/Netherlands-valuehealth.pdf
http://www.cbd.int/en/subnational/partners-and-initiatives/cbo. An annotated version of the publication with complete references.
Kendal, D. 2016. The report cites approximately 200 references.
Enhancing Urban Greening (July 2016) Benefits of Urban Greening (August 2016) Improving Liveability (November 2016) in Kendal, 2016.
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The 2016 report, Benefits of Urban Green Space in the Australian Context, outlines204
the contribution of urban green space contributes to:
•

Reduced morbidity and improved physical health outcomes.205

•

Improved mental well-being.206

•

Increased social cohesion.207

•

The provision of important ecosystem services, such as cooling and air quality.208

•

Maintaining biodiversity and the conservation of native species.209

The report outlines several large research projects that have explored the benefits of urban greening
in other countries:
•

In Europe, the URGE210 project has explored the benefits of planning for urban green spaces.211

•

In the United Kingdom, a series of projects run through the University of Sheffield have explored biodiversity
and ecosystem services generated by different types of urban green spaces.212

•

In the USA, several Long Term Ecological Research programs have been established in the cities of Phoenix,
AZ and Baltimore, MD with a focus on urban ecology and an aim of integrating social science.213

The report also highlights a number of systematic and detailed reviews, such as:
•

Benefits of urban parks – A systematic review of the evidence – which was conducted for the International
Federation of Parks and Recreation Administration.214

•

The impact of green space on heat and air pollution in urban communities: a meta-narrative
systematic review.215

204
205
206
207

details of studies cited can be found in the report’s reference list.
Richard Mitchell & Popham, 2007; Sugiyama et al., 2008; J Maas et al., 2009; Hunter et al., 2015 in Kendal, 2016.
Bratman et al., 2012; Hartig et al., 2014; Coheni Cline et al., 2015 in Kendal, 2016.
Maas et al., 2009; Fan et al.,2011; De Vries et al.,2013 in Kendal, 2016.

208 Bolund & Hunhammar, 1999; Bowler et al., 2010 in Kendal et al., 2016.
209 Sadler et al, 2010 in Kenda et al.l, 2016.
210 Acronym for “Development of urban green spaces to improve the quality of life in cities and urban regions” in Kendal et al., 2016.
211 Venn & Niemela, 2004 in Kendal et al., 2016.
212 For example, Davies et al., 2011; Thompson et al., 2003 in Kendal et al., 2016.
213 Grimm et al., 2008; Redman et al., 2004 in Kendal et al., 2016.
214 Konijnendijk et al., 2012 in Kendal et al., 2016.
215 Zupancic et al., 2015 in Kendal et al., 2016.
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Included in these reviews are some reports on the benefits of green space in Australia:
•

Green Infrastructure: Life support for human inhabitants – which outlined the benefits of green
infrastructure for the Botanic Gardens of Adelaide and Department of Environment, Water and
Natural Resources, South Australia.216

•

Public Greenspace and Life Satisfaction in Urban Australia – satisfaction of people living in Australia’s
capital cities.217

The report outlines that urban green spaces are consistently associated with a range of mental health benefits218
and recent reviews provides strong evidence of the benefits of green over built urban spaces.219 This report
considers that this research has potentially far-reaching implications given the epidemic of stress and mental
health in Australia.220
The report also outlines ecosystems services of most relevance for Australian cities; which are considered to
be cooling and air quality.221 Of the 17 major categories of ecosystem services, research has highlighted six
ecosystems relevant in urban areas – air filtering, micro climate regulation, noise reduction, rainwater drainage,
sewage treatment, and recreational/cultural values, while several other were potentially relevant, including food
production and erosion control.222
The importance of resilience, considered as the capacity of a socio-ecological system to cope with sudden
shocks (flood) and global change (climate change), and the role of urban green space is also addressed.223
Urban green spaces contribute to the resilience of cities by ameliorating the effects of sudden shocks such as
heat waves, and storms224 and contribute significantly to cooling and reduction of temperature extremes. The
permeable surfaces in urban green spaces can also slow the run-off of stormwater during storm events, and
thereby reduce floods. Urban green spaces also contribute to mitigation and adaption to global environmental
change such as urban heat and climate change. For example, increasing tree canopy cover can help to mitigate
the effects of climate change by sequestering carbon225 and adapt to urban heat by increasing the provision of
shade and cooling in cities.226 The resilience of urban green spaces themselves are also important to ensure the
provision of benefits despite external shocks and global environmental change.227
A particularly important external driver of change in urban systems across much of Australia is urban heat.228
Urban green spaces can help cities adapt to increasing temperatures through the provision of shade and cooling.
Selecting plants and materials that adapt to future urban climates and continue to provide the benefits of
cooling are critical to the resilience of Australia’s cities and their green spaces.229
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Ely & Pitman, 2013 in Kendal et al., 2016.
Ambrey & Fleming, 2013 in Kendal et. al., 2016.
Lee, R. 2016 in Kendal et al., 2016.
Bratman et al., 2012; Hartig et al., 2014 in Kendal et al., 2016.
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Quality Green Space Supporting Health, Well-being and Biodiversity: A Literature Review
Another recent collaborative project230 Quality Green Space Supporting Health, Well-being and
Biodiversity: A Literature Review reviews evidence on characteristics of public open space and green
space that benefits human health and well-being, biodiversity and ecosystem services. The review
summarises findings from an emerging research field, which considers the relationships and benefits
between public open space and green space, and physical, mental and social well-being, biodiversity and
ecosystem services. The report highlighted that design and delivery of open spaces that promote the health
and well-being of people and the natural environment is a key challenge for health and urban planning in rapidly
growing cities.231 The report found, amongst other things, that a greater understanding of how these spaces
should be designed is needed to support human health and the environment, and the maintenance of ecosystem
services and biodiversity.
In terms of evidence of health benefits of green space and biodiversity, an extract of some of the key findings from
the executive summary232 are provided below:233
•

Provision of public open space has health benefits including obesity reduction, lowered blood pressure,
extended life span and provides important places to engage in physical activity. However, evidence is
inconclusive regarding whether proximity to public open space initiates or maintains physical activity levels.

•

Exposure to nature experiences in hospitals is associated with faster surgical recovery, patient healing and
higher pain thresholds.

•

Exposure to green space has positive impacts on mental health, particularly through stress reduction and
attention restoration.

•

Access to green space has been associated with child development through play and motor skill
development, improved concentration, well-being and increased physical activity. The presence of
neighbourhood sports ovals and parks is associated with moderate-vigorous physical activity in
young people.

•

The presence of neighbourhood green space, streetscape vegetation, landscaping, paths and amenities
promotes social interaction and is associated with an increase in perceived community and social cohesion.

•

Trees, vegetation and green surfaces (roofs, facades) are an important source of cooling within cities, helping
mitigate the urban heat island effect and climate change. Green areas can reduce temperatures by 1-4°C,
decreasing with distance from green space, and the size of this cooling effect is influenced by surface area,
vegetation type and spatial configuration.

•

Hydrological processes are dramatically altered by the presence of impervious surfaces such as roads and
buildings. Green spaces and green surfaces slow and filter the run-off from rain events, which helps improve
water quality, and reduce storm water run-off, flooding, and waterway pollutants. These changes improve
urban habitats and help maintain biodiversity in cities.

•

Carbon sequestration is maximised in green spaces with large trees which can store large amounts of carbon
but limited in green spaces dominated by shrubs, lawns and flower beds.

230
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between the Heart Foundation (South Australian Division), the South Australian Local Government Association, the South Australian Government Departments of
Health and Ageing, Office for Recreation and Sport, and the Department of Environment, Water and Natural Resources
Davern et al., 2016
https://www.healthybydesignsa.com.au/wp-content/uploads/2017/03/Green-Spaces-Evidence-Review-FINAL_website.pdf
details of studies can be found in the report’s reference list.
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•

Green spaces can provide natural noise buffering: vegetation belts of between 1.5-3m can
significantly reduce perceived and actual noise through direct (e.g. absorption) and indirect
(e.g. reduced wind) effects as well as enhancing the pleasantness of an urban environment.
Wider belts with large trees are needed to attenuate low-frequency noise such as traffic rumble.

•

Vegetated areas can help purify the air by filtering atmospheric pollutants including nitrogen dioxide
and sulphur dioxide, and larger particulate matter (e.g. PM10). There is some evidence to suggest that
trees can have negative effects on air pollution by trapping pollutants in ‘street canyons’ lined with tall
buildings and some trees emit biogenic volatile organic compounds, which are themselves pollutants.

•

Green spaces can help maintain and enhance soil quality and function. Building and road construction can
reduce soil pH and degrade native soils through removal, compaction or burial. Soils in green spaces
provide important hydrological (e.g. filtering and slowing stormwater) and biogeochemical functions
(e.g. decomposition) that are diminished under paved areas.

•

Green spaces are associated with increased biodiversity, particularly for plants, birds, arthropods
and amphibians.

•

Habitat structure is of central importance to animal biodiversity driven by the complexity and diversity of the
understorey and canopy vegetation, leaf litter, logs, long grass, as well as wetlands, streams, garden ponds,
ornamental lakes, ponds and drains.

•

The composition of plant species in green spaces is also an important determinant of biodiversity, including
insect and animal richness and abundance. Both native and exotic plants contribute to biodiversity and the
use of native plants can promote some kinds of biodiversity such as endemic plant and animal species.

•

Threatened species are present in many different locations in Australian cities and management practices
of green spaces where they occur need to be devised based on their influence and contribution to national
biodiversity conservation and species recovery planning.

•

Several ecosystem ‘disservices’ – or negative consequences of green spaces have been identified in the
literature ranging from tree root damage to footpaths, allergies from pollen, to falling tree limbs. These
disservices can be avoided or mitigated through careful design, management and community education.

•

The benefits of green spaces are also shaped by broader contextual factors including the physical
environment, climate, intensity of urbanisation, population density and social and demographic factors such
as gender, age, ethnicity and socioeconomic status. Sustainable levels of tree canopy cover and ‘’greenness”
vary with location, climate and time of year.

•

Green space is particularly beneficial for people living in socioeconomically disadvantaged areas. Green space
and green cover have been found to be inequitably distributed across Australian cities.

•

Further research is needed to identify the economic benefits of green space according to comprehensive
measures of physical health, mental health, ecosystem services and biodiversity.
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Parks Victoria
Parks Victoria continues to actively participate in the global community to share the latest research,
case studies, programmes and innovation that focus on the health benefits of human contact with the
natural world. The program of work, known as Healthy Parks Healthy People Central (hphpcentral.com)
outlines how healthy parks sustain healthy people.
Apart from the obvious benefits of parks for physical activity, the program of work considers parks as sanctuaries
from urban stress, places for people to connect and for children to explore the natural world. Parks help provide
a sense of place, cultural identity and spirituality, where people gain a sense of health and well-being through
connection and meaning when immersed in living systems.
Parks also bring measurable direct and flow-on economic benefits to local, regional, state and national economies.
These economic benefits are considered a key enabler for communities to function and prosper, allowing them
to build social cohesion, social capital and healthy communities. Likewise, protecting biodiversity through sound
management of ecosystems, including parks, is itself considered a protective health measure. Ecosystem
degradation affects water and air quality leading to adverse health effects. And the reduction of biodiversity
increases the likelihood of outbreaks of infectious disease.234
Park Victoria’s 2017 A Guide to Healthy Parks Healthy People outlines the existing international research on health
benefits, as well as a recent State of the Evidence235 review by Deakin University which stated that ‘overall the
evidence connecting parks and health is substantial, offering strong justification for promotion of, and investment
in, parks as settings that enhance health and well-being of community members across their lifespan’. It noted
that the current evidence is greatest for the physical benefits of exposure to nature but also substantial for mental
health and social connection benefits. The key findings are below:
•

Access and proximity to safe, high-quality parks results in both increased physical activity levels and improved
health outcomes.

•

Access and proximity to safe, high-quality parks improves mental health.

•

In urban areas, parks foster social connections which are vital to community cohesion and contribute to social
well-being.

•

Contact with nature through parks can enhance spiritual health (meaning in life) which underpins all other
aspects of health.

•

For children, accessible and safe parks foster active play, which is associated with physical, cognitive and
social benefits.

•

For adolescents, parks improve mental and social health during what is often a tumultuous time of life.

•

Park use is linked to physical and psychological health benefits among adults, especially older adults.

•

Indigenous peoples are particularly sympathetic to and reliant on contact with nature for their physical, mental,
social and spiritual health and this can be offered through parks.

•

The potential health benefits of parks may be diminished through barriers to park use such as
crime and safety concerns, injury risk, disabilities, gender-related concerns, social and/or cultural norms,
proximity/accessibility, weather and pollution.

234
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Park Victoria, 2017 A Guide to Healthy Parks Healthy People.
Parks Victoria, 2015 Health Parks Healthy People: the state of the evidence, prepared by Deakin University.
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•

The potential for improving health through use of parks can be enhanced through the promotion
of the benefits of nature by park managers, researchers and policy makers, as well as designing
spaces in parks that are readily accessible and inclusive, and that encourage visitation by accounting
for diverse users’ motivations and needs.

The 2015 A Guide to the Health Park and Health People Approach and Current Practices captured the
proceedings from the Improving Health and Well-being: Healthy Parks Healthy People stream of the IUCN Work
Parks Congress 2014. The stream was targeted at environment and health professional and others with an
interest in the field of nature, human health and well-being. It explored the diverse health benefits provided by
parks including medicines, disease regulation, livelihood support, mental and spiritual well–being, and as settings
for physical activity.

Green Infrastructure a vital step to brilliant Australian cities
AECOM’s 2016 report Green Infrastructure a vital step to brilliant Australian cities highlights that trees and
parks transform the quality of life in Australian cities, but remain vastly undervalued. The research focused on
three Sydney suburbs, where a conservative estimate of a 10% increase in the leaf canopy of street trees was
considered to increase the value of properties by an average of $50,000. The report also outlines that doubling
Melbourne’s tree canopy coverage would result in a 28% reduction in heat-related deaths, and that trees
contribute an estimated $1.67m to the City of Brisbane by improving air quality, capturing rain and storing carbon.
The report considered more than 500 publications, policies, street tree programs and other relevant literature
along with the outcomes of primary research on property values. The property value research analysed the impact
of tree canopies on property prices and the average summer temperature in the Sydney suburbs of Annandale,
Blacktown and Willoughby. While there are many variables affecting land and property prices, the analysis focused
on the relationship between the size of the tree canopy, the price of land and property, and temperature.
The report also identified the financial and regulatory challenges involved in optimising green infrastructure and
four steps towards achieving the benefits from green infrastructure. The first step involved identifying the need to
reassess green infrastructure value as ‘vital infrastructure’ and ensure it is incorporated into a broader plan for
the city.
In terms of the value of green infrastructure, beyond the monetary increase in property value, the report outlines:
•

By comparing the costs and benefits, stakeholders can make more effective decisions about
green infrastructure.

•

The number of residents in Australian cities is forecast to boom in the next few decades, with Sydney’s
population expected to nearly double by 2056.236 Population growth will increase demand for housing and
jobs, and will place enormous pressure on health systems and transport. Energy consumption will increase
as temperatures rise due to climate change.237

•

As our cities become increasingly crowded, there will be less space for the trees, parks and the other
photosynthetic elements we call green infrastructure. Green infrastructure will be critical to alleviate
these pressures.

•

Trees filter air pollution, enhancing our quality of life. Trees shield buildings from the sun and provide shade.
Trees transform urban developments by making them more appealing places to work and raise families. Trees
as green infrastructure are often considered as a cost, not as an opportunity to improve the liveability of cities.

236

Greater Sydney Commission, Towards our Greater Sydney 2056, 21 November 2016, www.greater.sydney/towards-our-greater-sydney-2056 in AECOM’s Green
Infrastructure a vital step to brilliant Australian cities.
237

AECOM, Economic Assessment of the Urban Heat Island Effect, prepared for The City of Melbourne, 2012, www.melbourne.vic.gov.au/ SiteCollectionDocuments/ecoassessment-ofurban-heat-island-effect.pdf in AECOM’s Green Infrastructure a vital step to brilliant Australian cities.
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Other Australian reviews
Several Australian studies have also examined the cost benefit analysis of water sensitive urban design
and have concluded that the benefits outweigh costs. The Business Case for Best Practice Urban Stormwater
Management238 outlined that the quantifiable benefits alone outweighed costs, such as: value of pollution
reduction, the potential avoided waterways rehabilitation (estimated to 70% of the lifecycle cost of the WSUD
assets), and the potential property premiums (estimated to be 90% of the capital cost of the WSUD assets).
For low density residential developments, the potential increase in property values (premiums) were:
- $11,000-$44,000/ha (average = $27,500/ha)
- 52%-110% of the acquisition cost of the WSUD treatment train (average = 90%)
For medium density:
- $35,000-$70,000/ha (average = $52,500/ha)
- 120%-150% of the acquisition cost of the WSUD treatment train (average = 135%)
For high density:
- $175,000-$350,000/ha (average = $262,500/ha)
- 480%-700% of the acquisition cost of the WSUD treatment train (average = 520%)
238

South East Queensland Healthy Waters Partnership, 2010. A Business Case for Best Practice Urban Stormwater management.
https://www.ehp.qld.gov.au/water/policy/urban-stormwater.html
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Implement and act
on conservation
actions and design
interventions

Plan
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actions and/or
design interventions
to improve urban
biodiversity based
on information
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and
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Concerns based on
biological and legal
issues, values and
expectations

Urban
biodiversity
and
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Scientists
Managers
General public,
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gathering
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considerations of potential
conservation actions and
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Schematic of an adaptive management process when applied to the aim of increasing urban biodiversity and ecology (central box).
Initially, information is gathered (yellow) based on scientific research about the impacts of urbanisation on biodiversity as well as
social, economic, legal and other considerations, and this information is used to plan conservation actions and design interventions
expected to improve urban biodiversity (orange). The plan is implemented (red) and the outcomes monitored and reviewed based
on the original aim. The conservation action/design intervention is evaluated for its performance in meeting biodiversity goals and
on other issues, values or expectations. This process requires the integration of several perspectives, including those of scientists,
managers and other stakeholders. Based on evaluation, if the conservation action/design intervention is not meeting expectations,
new information is gathered to improve the intervention or change the approach, and the process continues. Source: Modified by F.
van den Berg for urban biodiversity and ecology from an adaptive management process for protected areas in Primack (2010).
Reproduced from Urban Ecology Desktop Review. Davies, P., Corkery, L., Nipperess, D. et al., 2017
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Stakeholder workshop –
Meeting notes
Co-hosted by City of Melbourne and Green Building Council Australia (held 1 September 2017)
Attendees: Cr Arron Wood (City of Melbourne); Cr Cathy Oke (City of Melbourne); Rodney van der Ree (City of
Melbourne); Evan Counsel (City of Melbourne); Robyn Pollock (City of Melbourne); Euan Williamson (City of Yarra);
Adrian Gray (City of Brimbank); Peter Davies (Macquarie University); Kirsten Parris (University of Melbourne); Leigh
Staas (Macquarie University); Judy Bush (University of Melbourne); Sarah Bekessy (RMIT); Leanne Hanvey (NSW
Environmental Trust); Jose Sevilla (NSW Planning and Environment); Emlyn Breese (Municipal Association of
Victoria); Brod Street (Department of Environment, Land, Water and Planning); Emily Allsop (Plan Melbourne); Mark
Blanche (AECOM); Matthew Napper (Stockland); Angela Darby (Grocon); Kristie Martin (Viridis); Olivia Leal-Walker
(Frasers Property); Simon O’Brien (Frasers Property); Penny Coia (Lendlease); Ian Farrow (Property Council); Tom
Davies (Edge Environment); James Fitzsimons (The Nature Conservancy); Jorge Chapa (Green Building Council of
Australia); Nick Alsop (Green Building Council of Australia); Fiona Beynon (Green Building Council of Australia).
Facilitator: Dr Peter Davies
Meeting notes:
Opening remarks were presented by Peter Davies, Arron Wood, Jorge Chapa.		
Key points and objectives of the workshop were presented as:
•

The GBCA is currently reviewing Land Use and Ecology to create world leading outcomes in
the built environment for ecology and biodiversity.

•

The workshop will focus on a shared understanding of the proposed redesign and seek views on
possible challenges and potential solutions.

•

Set priority actions to enact the solutions – and amend principles/approach as needed.

•

Green Star is the mechanism – flexible, cost effective rating system. The aim of Green Star is to transform
the built environment.

•

Simple question – how do we redefine what world leadership means in the built environment? Ecology
and biodiversity is at the core of this leadership.

Fiona Benyon presented the vision for the review, process and progress to date, the establishment of five
biodiversity outcomes and introduced the five principles for the ecology review. Fiona emphasised that the
review was considering the building scale application as starting point.
Peter Davies and Kirsten Parris presented their recent research and literature.
Peter Davies emphasised the definition of urban ecology, the lack of collaboration and the need for stronger
frameworks and a greater understanding and awareness especially with industry groups. The research found
that biodiversity is definitely being lost in cities, planning fails to capture the co-benefits of biodiversity and
liveability outcomes, the focus is on grey not green infrastructure and there is a disconnect between
strategic planning and development.
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Kirsten’s research emphasised that thousands of native species occur in Australian cities, with over
300 being threatened or endangered. There is a perception that cities are full of introduced/pest species.
Fiona briefly outlined the benefits of biodiversity in the built environment – referenced Appendix A of the discussion
paper. Fiona outlined key ecosystem services relevant to the built environment.
Tom Davies from Edge Environment outlined his work on integration of plant life in the Green star rating tools.
Tom outlined the benefits of plants, and the need for more plants in the built environment. Tom identified the need
to advice on optimal ways to ensure uptake of plants. Tom will interview key stakeholder on their successes and
how to overcome challenges.
Fiona briefly introduced the five key principles as: protect ecological value; minimise ecological impact; enhance
ecological value and biodiversity; connect ecological networks, and; manage onsite and restore off site.
Fiona stated that the principles are not necessary mutually exclusive, elements overlap, but they have been
developed with the aim of:
•

achieving the central biodiversity outcomes

•

capturing the broad vision for ecology in the built environment

•

providing for progression from one principle to the next

•

and ensuring a flexible approach to promote adaptive management and enable staged implementation.

The possible application of principles was presented with the following context:
•

0 - 100 (protect and minimise) - takes into account adjacent area as well as consideration the local and
broader landscape context.

•

500m (enhance) - involves on-site and off-site actions, by incorporating the local area (which defined as
up to 500m). This is where beneficial actions are captured. This principle focuses on structural and functional
connectivity and actions which complements linking the site with the local area. This is where consideration
of the priority actions takes effect - that is, “protect/conserve, restore, enhance and create”.

•

5km (connect and manage) - it applies again the consideration of the priority actions with a focus on
connectivity. It effectively links the site and local areas with the landscape. Management is overarching and
involves the long-term management and monitoring that will ensure ongoing improvements over time and
across different scales. It also has a focus on collaboration, engagement and education. It introduces offsets
and innovative or novel approaches that will improve or enhance values.

Several questions covered the challenge of applying the principles at the building scale; the broader local
and landscape scale; where the greatest benefits arise (retrofitting versus new sites); opportunities of
improving ‘barren’ sites.
Presentations of on-the-ground activities/approaches that have enhanced biodiversity/ecological values in the
built environment were presented by City of Melbourne (Rodney van der Ree); City of Brimbank (Adrian
Gray), and; Stockland (Matthew Napper).
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Key points from each presentation are below.
City of Melbourne
•

Ecosystem imbalance. If you can plant understorey, you can have a healthy forest. Biodiversity is critical
to a healthy forest. Recognise in the city that it is all biodiversity – native and non-native.

•

Integrating the Urban Forest, Open Space, and Nature - outcomes for biodiversity, ecosystems and humans.

•

Urban Forest – 77,000 trees. Mapped every tree in the public realm and their useful life expectancy. Expected
to lose 35% 10 years if we don’t change how and what we plant.

•

Future forest – climate change – 400 inventories of trees from across the world – 2000 species were
assessed, which would survive in Melbourne for predicted future scenarios, under any predicted
climate change.

•

Our cities with single species are too vulnerable. Urban Forest Fund – City of Melbourne only has control
over a third of our landscape. We will match industry contributions for the private realm. Dollar for dollar.

•

A range of places where the private realm could be ‘greened’ with these funds.

•

Plan trees are devoid of biodiversity. We have planted mistletoe – to bring back the birds and bugs.
Monitoring to see how they react/fine balance.

•

Creating a connectivity plan for the city – biodiversity corridors. Greening our laneways. Little Things That Run
Our City – opportunity to connect with nature in our city.

City of Brimbank
•

Mapped species, vulnerability, heat vulnerability. A number of strategies trying to deal with heat.

•

Connect the important native remnant vegetation in public realm, using the private realm. Creating better
parks – make it a better destination.

•

Health, wellbeing, being active, 85% said the investment in good quality green space is having a great impact
in our community

•

Greening the West – significant how we do park and street planting in Brimbank

•

Partnerships are super important - $5m from Commonwealth’s 20 Million Trees program to plant trees.

•

The value of trees to streets/houses/places

•

Upper stony creek transformation – right in the middle of the employment cluster. $13m project to turn the
creek from a concrete drain to a natural waterway/creek and wetlands. City West Water – development of
new community to front onto the creek

•

Changing of the planning scheme – link to heat mitigation. Stop fake grass and stone, need to increase
vegetation back onto development blocks

•

Landscape should be driving developments, importance of grasslands. Cairnlea – good example of how to
set up the landscape through existing natural landscapes

•

What we are doing in our streets? WSUD – integrated design in streets. Ten-storey building integrating
positively with streetscapes and WSUD
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Stockland
•

Company strategy – key areas that have been important and will be – maintaining sustainability leadership

•

Sustainability in Stockland – we measure ourselves by how many Green Stars we have.

•

Talk about our customer/community perspective – greater understanding about what people want in their
place. Liveability survey – Importance of key drivers, customer survey to see how they are meeting these.
Look at 12 months ahead to do better. Open space is critical feature of this feedback. Biodiversity outcomes.

•

Focused in the residential and community part of our business.

•

Target: Making a positive biodiversity contribution across our projects by FY17. Biodiversity calculator and
measure of which projects have significant biodiversity.

•

Communities and species or habitat identified on sites, including IUCN red list species. How much is being
cleared, how much is this offset and where? Area dedicated to management/handed to council or state or
biobanking or similar/zoning type arrangement.

•

Case study – Aura; Caloundra South on Sunshine Coast QLD, 3 creeks drain to Pumicestone Passage;
internationally protected RAMSAR wetland. 6 Star rating.

•

How we got the points for ecology – a third of site to conservation; 152ha new habitat for frogs. Frog and
fauna passage/crossing. Funding for research $50k pa for ten years. Can match this elsewhere.

•

Community engagement – master plan has been enriched with broad community engagement. Meet quarterly
to discuss conservation/preservation of the site. Huge number of outcomes informed by stakeholder
engagement. Stakeholder group meeting – very satisfied with the program.

Participants were encouraged to contribute examples of ecology principles in built form and Sarah Bekessy
presented an overview of Biodiversity Sensitive Urban Design. Key points below:
•

Everyday nature. Biodiversity constrained. Capturing biodiversity as an asset is a major opportunity.

•

Re-enhance the city, resilience, enhance cognitive development of children. Improved through exposure to
nature. Re-connection to Indigenous knowledge.

•

We can quite easily incorporate nature into development, rather than offset. Offsetting is about taking away
nature and putting it elsewhere.

•

Opportunity to see green infrastructure as incorporating biodiversity and nature.
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GBCA
Fiona presented the purpose and outcome for each principle as follows:
Principle 1 – Protect ecological value
•

limited value sites developed

•

onsite values and linkages to off-site determined

•

ecological values protected

•

promote progress towards site enhancement

Principle 2 – Minimise ecological impact
•

avoid impacts

•

establishment of benchmarks

Principle 3 – Enhance
•

enhance on-site and off-site values

•

promote conservation, restoration, enhancement and creation

•

allow off-site actions (as offsets – go through all management steps before you contemplate offsets/may help
with connectivity off the site)

Principle 4 – Connect ecological networks – enhance green chains, establish nodes; measure connectivity
•

maintain/extend networks

•

structural and functional connectivity

Principle 5: Manage and restore – support currency of local plans; establish off-site management plans
•

maintain on-site and off-site

•

monitor performance and adaptively manage

•

engage, collaborate and educate

•

innovate (maximise long term gains) – indirect offsets; technical guides etc.

Questions covered the need to –
•

drive change at the building site and use that setting for landscape, for action beyond compliance and
focused on urban ecology not just threatened species.

•

focus incentives and emphasise importance - so as not to discard category as ‘too difficult’.

•

understand different state guidelines and planning schemes which may create opportunities – noting that
there is difference between creating an opportunity and actually delivering biodiversity.

•

be careful not to drive too hard - different ways of coming up with outcome – engage your community upfront.

85

Green Star – Building with Nature

•

understand the minimum threshold; consultation needs to be imbedded into the metrics.

•

focus on challenges – what happens to the site after it is developed / deliver.

•

ensure management and ownership has longevity.

During the facilitation groups (Ecologists, Planners and Industry) each group was asked
The Principles - Are they right, are they achievable?
Barriers - What is stopping us from achieving the principles?
Opportunities - What opportunities or alternatives are available?
The feedback on the principles was as follow:
The Principles
Ecologists: Missing Principle – ‘community and nature connections’, there needs to be a stewardship for
community to connect to the country / greening in perpetuity. Education category. Principle 6? Weight different
principles so that the key ones are met first. Let’s not aim for the lower metric. Be aspirational.
Planners: Be inspirational. Enhance create. It is there but maybe quiet. Enhance biophilia, connecting people.
The value to people and place making. Aesthetics are not the same as biodiversity quality. Aspirations for gardens
more about greenery, but often tree focused; not focused ecological or biodiversity outcomes. Green roofs too
often delivered for people; not an ecological focus.
Too static. Some issue with language. Potential to look at how they are worded and presented in order to make
them more dynamic and inspirational. People without the expertise read the principles, as trying to protect what is
there. There is already a challenge as buildings themselves are going to remove the greenery – and often a building
implies there is nothing to protect.
Industry: Community and people are missing. Education, biophilia – under category of people and communities.
Opportunity to look at how community puts value on biodiversity. All linked to how you build and develop.
Biodiversity not just about National Parks. Maintenance – explicit principle, or part of community principle.
Use of materials – may benefit onsite but may also help offset impacts off site.
More explicit – metrics, measurability and outcomes, how do we promote this as early as possible in the process
so it can be embedded? At the design stage, or before planning application you are submitting an ecological
assessment. Needs to be early to embed ecological principles. Some credits – prior to DA. Opportunity for
timing credit.
Offsetting needs more explanation – deep dive, what does it mean in this context? Conscious that it is an area of
contention for ecologists. Needs better information in the principles. How do we define a regulatory requirement
and what is above and beyond – if you have gone above and beyond to satisfy, can you still get credit for this?
What is the base line? Sufficient funding over time – different asset classes. Often easier when one building owner,
becomes more difficult with disparate owners.
Credits may dilute biodiversity principles. Is there merit in just understanding biodiversity? This can upgrade other
credits – this point needs clarification. Keep on discrete building scale as an opportunity to be unique. Principles
are good despite the detail, they make sense, this is important in engaging the industry.
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Potential Barriers
Ecologists: Dependent on the developer, unless there is a threatened species this approach doesn’t apply.
Typical practice, realised benefits are not being captured by the developer, Urban Heat Island or intergenerational
value not captured immediately, common complaint about trees, entrenched practice, lack of maintenance, lack of
expertise and poor plant selection, fear of failure. Grey to Green – need to ensure that the metrics are robust.
Planners: Role of regulation vs a voluntary system. Split incentive – what is the value to the developer? There
is value to the community. Biggest barrier is the complex governance system that is issue is trying to solve. At
the moment it is being solved at the local level. GBCA trying to retrofit within all the different planning systems
across Australia. A review at the state level is perhaps more useful than all local levels. Demonstrating success
– giving examples to industry of how it can happen in a cost-effective way. Delivery of infrastructure, the ease of
incorporation - how do you simply the complexity of the issue? Translating into tools that decision makers could
pick up and apply, without full understanding. Need the evidence to back up the decision making; but needs to be
simplified for planners. Identified issues around construction and maintenance. Body corporates responsibility to
maintain. Communicate economic benefits to the industry. Reduced holding costs - apartments sell fast if they
are asthetically pleasing.
Industry: Maintenance – after development finishes, but applies to many sustainability initiatives. Under principle 5
add communities – celebration for the activity to be ongoing. Maybe extra credit. Additional principle – ‘celebrate’.
Cost – perception that there is an increased cost, but also education and professionals required to maintain these
assets (opportunities) – are costs with Council or owner? If being outsourced to Council – could the credit be
about supporting the development of these assets? Perceptions – need to engage on this, there is often unseen
value. More adaptive actions mean that maintenance costs can come down. Temporal. If credit is received, but it
isn’t maintained then the credit shouldn’t be maintained. How long do you need to look at the site to assess
the biodiversity?
Possible Solutions
Ecologists: There are quite clear pathways to overcoming the barriers. All barriers listed above can be overcome.
Educate the value of trees. Put value on ecological value. Not just dollar, include health and wellbeing. Nature
based solutions as health benefits. This isn’t going to benefit the developer, it is for the people who live there.
There needs to be more evidence that a development could be cheaper at the precinct scale if you manage
flooding for instance – WSUD costs could be localised but benefits could be widespread and be of greater value.
Planners: Greenlighting projects. The environmental elements - the need for ecology – needs to be at the start of
the planning process. Need strategic planning. When we are looking at the built form – the urban ecology lens
is often missed. Opportunity for networks and connectivity and look at different ways a project could be green
lit – look at how those elements can be incorporated as early as possible. Tools need to start from a point of a
baseline. A minimum delivery. What is above and beyond baseline? No benefit or recognition for BAU. Statutory
planners should work more closely with GBCA (and vice versa). GBCA could play a role for alignment of policy
at the state level, so that industry can apply at state level rather than an individual scale. Growing Green Guide a
good policy. We currently require landscaping – what is the base line for the rating tool?
Focus on ecosystem benefits at the building, offsetting is the absolute last measure, should it be part of the tool
at all? Call offsetting something else. It would be a lost opportunity – if you could get the rating for offsetting. If
we are trying to bring nature back into the buildings, this isn’t delivered by offsetting. How can we genuinely bring
biodiversity back to the built form?
Avoiding terms that are shrouded in complexity. Needs to be enabling enough to promote innovation.
Industry: How do we incentivise that one piece of the puzzle? Recognise that the biodiversity might not have value
now, but it could have in the future. Set up for the long term, or just at the local immediate (bees, pollinators) –
big planning scheme aspiration, and you can support this with one stepping stone, not the whole thing.
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An analogy – tree hollows. It is a risk and an opportunity. How to provide the viable habitat, and
minimise the risk of the presence of dead trees?
Are offsite actions scale jumping, rather than offsetting? Think about the tool and where offsetting comes in.
Offsetting isn’t considered best practice – dilemma?
Develop a metric for each benefit – help developers realise the monetary value. You should get more points for
increasing value. Identify perverse outcomes.
Peter Davies highlighted the issues that arose during the workshop as follows:
•

Increasing the celebration of biodiversity champions

•

Connection between people and nature - engagement

•

Use of offsets and alternative language

•

Use of case studies

Jorge Chapa stated that the feedback was essential and identified that the paper would be revised and
recirculated to the group, with the launch to occur in October with scheduled webinars. Then the detail of the
category would be developed, in alignment with the broader review of the rating tool. Any additional feedback
could be provided to Fiona and this included the detail in the discussion paper on implementation.
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Contact us:
info@gbca.org.au
+61 2 8239 6200

Visit our website:
gbca.org.au
greenstarcommunities.org.au

Find us on:
@gbcaus

/gbcaus

greenbuildingcouncilofaustralia
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