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The City of Canning Urban Forest Strategy provides guidance for 
the enhancement of the City’s urban forest. This strategy sits 
within a framework that includes the City’s Local Biodiversity 
Strategy, Street Tree Strategy, Public Open Space Strategy, Local 
Tree Retention and Planting Policy LP.09, and Tree Management 
Policy ET: 525. In the Our City, Our Future Strategic Community Plan 
for 2017−2027, the City articulates its vision of being ‘a welcoming 
and thriving City’. The Urban Forest Strategy provides a means 
for delivering an urban environment to support the City’s vision. 
Central to this is the creation of a resilient urban forest, which 
will enhance environmental, social, cultural, health, economic and 
intergenerational benefits for the whole community.

The key objectives of the strategy are to:
• Increase the City’s urban forest canopy cover by 22.3% by 2039
• Improve urban forest management, coordination, capacity and 

capability across stakeholders
• Maximise resource efficiency through stakeholder partnerships
• Optimise urban forest management efforts across the City 

The term ‘urban forest’ refers to all trees and other vegetation 
that occur within public and private lands. It encompasses the 
mosaic of streets, parks, gardens, understorey and natural areas, 
including the Canning River foreshore and reserves, creek and 
drainage banks and remnant vegetation, and the environment 
that supports ecosystem services provided by soil and water. 
This Urban Forest Strategy includes a historical overview of the 
City of Canning’s vegetation, a review of the scientific literature, 
and detailed analysis of the existing state of the City’s urban 

forest. The City is predominantly covered by non-vegetative 
classes (Buildings 20.3% and Non-Vegetation 38.7%), with canopy 
(vegetation over 3m in height) covering 493.7 ha, or 7.6% of the 
City area − one of the lowest of Perth’s metropolitan councils. 

Urban forests play an important role in the health and wellbeing 
of people and the liveability of cities. Trees in cities provide 
significant economic, social, health, environmental and aesthetic 
benefits and make significant measurable contributions to 
ecosystem services. Although the City’s population is set to 
increase by 33% by 2031, there will be a negligible (<2%) increase 
in canopy if the City continues with the current planting program. 
An increased population and a relatively static canopy cover would 
have sustainability consequences throughout the city.

The City has an ambitious yet necessary target to plant an 
additional 61,215 trees over the next 20 years to increase the 
canopy by 22.3%, bringing the total canopy area to 9.3% by 
2039. Risks to achieving this target are many and varied, and 
include abiotic and biotic factors, socio-economic factors, tree 
vandalism, hazardous trees, and policy and planning decisions (eg, 
urban infill). However, with risks come opportunities and these 
opportunities must be grasped if the City is to meet its objectives. 
The growing, planting, establishment and care of the new trees 
planted to achieve the canopy cover target will require investment 
inside and outside of local government. This strategy is intended 
to guide Council in meeting its objectives and achieving the City’s 
vision of a “welcoming and thriving City.”

EXECUTIVE SUMMARY
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The City of Canning consists of a diverse population of an 
estimated 93,274 residents (2017 ID Community Demographic 
Resources). The City’s vision is to be a ‘welcoming and thriving 
City’. Central to this vision is a City that sustains the community 
through encouraging economic development, supporting social 
wellbeing and conserving the environment by protecting the air, 
soil and water, and through managing all indigenous ecosystems 
and species (Local Biodiversity Strategy, 2018). A key component 
in delivering this vision is an extensive and robust urban forest 
of street trees, parks, gardens and natural vegetation. The City 
of Canning has produced Public Open Space, Local Biodiversity 
and Street Tree strategies, as well tree retention policies. To 
support these strategies and policies the City of Canning has now 
developed this Urban Forest Strategy. The City of Canning Urban 
Forest Strategy sets projections and targets for the urban forest 
and ultimately monitors the success of the City of Canning’s 
plans and strategies relating to the urban forest, while providing 
strategic support.

The global trends for the extent and condition of urban forests are 
poor. In the United States cities lost more than 30,000ha of urban 
forest each year between 2009 and 2014. The situation in Australia 
is similar. For example, under a ‘do nothing’ scenario the City of 
Melbourne will lose more than 25% of its current tree population 
in the next decade and it is projected to lose more than 44% in the 
next two decades. 

The City of Canning has been identified as having one of the 
lowest levels of urban canopy cover in the Perth Metropolitan 
Area, with less than 8% canopy cover of the total City land area. 
The drivers that have resulted in this loss of canopy cover are 
numerous. However, historical human activity through agriculture, 
forestry, industrialisation and urbanisation has cleared much of 
the native vegetation landscape. Now urban infill, infrastructure 
and commercial developments, a drying, hotter climate and the 
death of senescent, older trees means that much of the remaining 
canopy cover in the City of Canning is being lost. 

Urban forests play an important role in sustainable, liveable 
cities: they filter air, water and sunlight, and provide habitat to 
plants and animals. They provide beautiful recreational open 
spaces for people and they moderate local climate, slow wind and 
stormwater, and shade homes and businesses to conserve energy. 
They also provide a cooling mechanism to reduce the detrimental 
social and health impacts of the Urban Heat Island Effect (UHIE). 

Communities worldwide have identified that a healthy and 
expansive urban forest is a key priority for local government. 
Communities expect to live in a City that provides an attractive 
urban landscape with a significant component of trees. In most 
cities in Australia, the community aspiration is for a greater extent 
of urban forest and a halt to the clearing of older and established 
trees. However, there are numerous challenges that the City must 
overcome to deliver community aspirations. These include the 
retention of existing trees and understorey vegetation that may 
be lost due to inappropriate developments and urban infill. Older 
trees will continue to decline, which means the City of Canning 

must invest in programs to renew and protect these older trees. 
To combat the UHIE and adapt to a hotter climate the City must 
protect and expand its urban forest. The retention and expansion 
of the urban forest requires a well-developed and implemented 
Urban Forest Strategy.

The City of Canning’s understanding of what it must implement to 
deliver sustainable outcomes for the community has increased 
markedly in the last few decades. For cities such as Canning 
that are situated within temperate Mediterranean climates, an 
absolute requirement for their sustained growth is the protection, 
enhancement and expansion of a resilient urban forest. This City 
of Canning Urban Forest Strategy Background Document (Section 
1) aims to review the most recent evidence that supports the 
development of strong local government urban forest policy 
and considers some of the strategic approaches that have been 
implemented to deliver more vibrant and resilient cities. This 
background document aims to support the City of Canning Urban 
Forest Strategy, which includes the City of Canning Objectives and 
the City of Canning Targets to be achieved by 2039. The Strategy 
will also outline management and investment strategies through 
which the targets might be achieved.

1.1  City of Canning Urban Forest Strategy Section 1: 
Background Document

The Background Document (Section 1) of the City of Canning 
Urban Forest Strategy provides a historical overview of the 
natural vegetation that defined the pre-European environment 
and introduces the relationship between the indigenous people of 
Canning and the land. The European settlement of Canning and the 
development of industries in the region are also considered and the 
City of Canning Strategic Community Plan and Policy Framework is 
introduced. This provides a context to understand why the urban 
forest has declined, the ways in which urban forests are managed 
around the world and the benefits that a healthy urban forest 
provides to the community, the economy and the environment.  

1 INTRODUCTION
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2.1 Pre-European Vegetation
The City of Canning is situated on the Swan Coastal Plain and 
includes the Canning River foreshore from Nicholson Road to Bull 
Creek. The 6454ha of pre-European vegetation in the City indicated 
a diverse floristic community that contributed to making the south-
west of Western Australia one of the world’s biodiversity hotspots 
(Hopper and Gioia 2004; Strategic Community Plan: Our City, Our 
Future, 2017). 

The pre-European vegetation was a rich mosaic of medium-tall 
woodlands, wetter areas with dense low paperbark forests, 
banksia woodlands, sedgelands and a very diverse mid-storey and 
understorey that supported the area’s unique plants and animals. 
The woodlands were large areas of medium to tall trees that 
included Eucalyptus marginata (jarrah), Allocasuarina fraseriana 
(common Sheoak) and Banksia species (eg, Firewood Banksia, 
Candlestick Banksia and Bull Banksia). Interspersed amongst the 
woodlands were wetter areas that favoured Melaleuca preissiana 
paperbarks with sedgelands that were the preferred habitat for 
many invertebrates, birds and mammals. Lower-height vegetation 
was also a feature of the City of Canning’s pre-European 
vegetation and these heaths and shrublands were characterised by 
spectacular flowering plants such as Verticordia (Feather Flowers), 
Hypocalymma (White and Swan River Myrtles), Xanthorrhoea 
(Balga) and the iconic Anigozanthos (Kangaroo Paws). 

The native groundcover, heaths, shrubs and small trees supported 
unique fauna species such as honey possums, honeyeaters and 
small marsupial carnivores, all of which accessed food from 
flowers and nested within Balga, other grasstrees and dense 
bushes (Swinburn et al. 2007, Wilson et al. 2012, Bradshaw 2017). 
It is now well understood that to conserve biodiversity within 
the natural places of urban areas, all aspects of the vegetation 
− the understorey, midstorey and canopy − must be protected, 
maintained and improved (Strategic Community Plan: Our City, Our 
Future, 2017). These aspects need all to be considered as part 
of the City of Canning Urban Forest Strategy to ensure that the 
strategic and asset planning for the future urban forest integrates 
with the goals of the broader strategy and policy framework; for 
example, the City of Canning Local Biodiversity Strategy and the 
Strategic Community Plan. 

2.2  Indigenous People, Their Heritage Use and Knowledge  
of Pre-European Vegetation

The people of the Swan Canning Coastal Plain are the Whadjuk 
people of the Noongar nation, who are the traditional owners and 
custodians of the lands. The Noongar people maintain a strong 
and enduring connection to the Djarlgaroo Beelier (Canning River) 
and have relied on the diverse woodlands, heathlands and river 
as a source of shelter, food, water and culture (Hughes-Hallett 
2010, Lulfitz et al. 2017). This is well understood by the traditional 
owners, whose occupancy in the south-west of the continent is 
possibly greater than 48,000 years Before Present (BP). Persistent 

settlement has occurred for between 19,000 to 30,000 years BP 
(Turney et al. 2001, Williams et al. 2015). 

During this period of persistent occupation, use of the vegetation 
and the Canning River by the Whadjuk Noongar people is 
unequivocal. Compelling new collaborative research between 
elders and local scientists has uncovered that through Noongar 
custodianship and use, the native vegetation that provided access 
to food resources and shelter was enhanced (Lulfitz et al. 2017). 
Whadjuk Noongar people of the Canning region are likely to have 
modified their lands to improve their access to food resources 
through the movement of seeds and fruit, the deliberate broadcast 
of perennial plant seeds and the movement and planting of tubers 
(Lulfitz et al. 2017). Evidence from elders (anecdotal) tells that 
habitats were maintained or modified to attract or retain important 
food species (such as Bardistus cibarius larvae), for hunting of 
wallaby (Macropus irma), the use of edible aquatic plants, and 
hunting for a range of other mammals and reptiles. This evidence 
is supported by the knowledge of the pre-European flora and fauna 
distribution (Hallam 2014, Lulfitz et al. 2017).

It is important to acknowledge, understand and respect the 
Noongar people’s recognition of the vegetation of their lands as 
having cultural importance. Accepting the role of vegetation in 
ceremony and being aware of the cultural significance of species 
such as Muattyaur (Nuytsia floribunda − Christmas tree [Hopper 
2010]) to Whadjuk Noongar people offers the residents of the 
City of Canning a deeper understanding of the traditional owners’ 
and custodians’ relationship to the land. This will be important 
in planning and managing all vegetation that makes up the City’s 
urban forest into the future. 

2.3  Logging and Milling of Vegetation in the Early 
Settlement of the City of Canning

The European development of the area that included the City of 
Canning commenced in 1843. Land clearance began and small 
farm holdings appeared in the landscape. This encapsulated the 
primary purpose of the establishment of the Swan River Colony, 
which was for agriculture. It is perhaps important to reflect that 
the capital city of the Swan River Colony was founded on the 
felling of a tree (Mills 1989). It has been suggested that this could 
be seen as the beginning of all forest management issues for 
Western Australia (Mills 1989, Calver and Wardell-Johnson 2004). 
For the early settlers, the jarrah trees provided timber, and this 
hard but free-splitting wood yielded a resource that allowed them 
to build their first slab huts, outbuildings and split-rail fencing for 
stock control (Bradshaw 2012). 

Early investments in forestry in Western Australia resulted in 
pit sawing operations being established in Cannington in the 
1850s (Sanders 1997). This forest industry was targeting tall, 
straight jarrah trees (E. marginata), and known then as swan river 
mahogany, primarily in forests surrounding colony settlements 
(Sanders 1997). 

2  HISTORICAL OVERVIEW OF THE CITY OF CANNING VEGETATION
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Benjamin Mason was the first man in the Swan River Colony to 
utilise the forests on a larger scale. In 1864 he expanded forestry 
operations to allow for development of an export market and 
also to service local demand for sawn timber (Mills 1989). He 
sourced timber from his station at the Bickley Brooke and bullock 
teams transported the timber to his ‘lower station’ on the Canning 
River, now known as Masons Landing (Mills 1989). Timber was 
transported on flat-bottomed barges down the Canning and Swan 
Rivers to Fremantle where it was loaded for export. The 1860s and 
70s witnessed the introduction of a large-scale forest industry to 
Western Australia and, with incentives from the newly recognised 
representative government, Mason was able to secure funds 
and develop steam-powered milling operations at the Mason 
and Bird Timber Mill near Masons Landing (Mills 1989). From 
1872 the upper and lower stations were connected by tramway; 
however, the extension of the Perth-to-Fremantle rail to Midland 
significantly improved transport efficiency on a competitive route. 
Timber volumes usually transported via Masons Landing were 

diverted to the Midland route, leading to a cessation of timber 
operations in Canning in 1882.

European settlement has caused significant modification to the 
landscape that defined the pre-European environment. Exploitation 
of the natural resources allowed for the development and 
growth of agricultural and forest industries in the district. This 
in turn fostered further growth in the City but has resulted in the 
significant loss of native vegetation. Rapid population growth 
and the development of industry, transport and commercial 
centres that have followed now mean that the issue of vegetation 
(particularly tree canopy cover) and greenspace in the City is a 
high-priority issue. To address this issue the City has developed a 
clear policy framework within which this Urban Forest Strategy sits 
as the overarching document.
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The City of Canning Strategic Framework provides guidance documents and policies that clearly articulate the City’s vision, the goals for 
a sustainable community and a strategy to deliver the vision in terms of vegetation. The framework and the relationship between key 
strategic documents and policies in relation to vegetation management are outlined in Figure 1. 

The Local Biodiversity, Street Tree and Public Open Space strategies sit beneath the Urban Forest Strategy. These strategies complement 
and feed into the Urban Forest Strategy. The relationship between these documents and the City of Canning Urban Forest Strategy is 
that they are technical documents that guide the operations of vegetation planting and retention, while the Urban Forest Strategy sets 
projections and targets for the urban forest and ultimately monitors the success of the City of Canning’s plans and strategies relating to 
the urban forest, while providing strategic support.

The synergies between strategies are summarised in the following sections. 

3  CITY OF CANNING STRATEGY AND POLICY FRAMEWORK

CITY OF CANNING STRATEGIC  
COMMUNITY PLAN

 URBAN FOREST STRATEGY

Local  
Biodiversity  

Strategy

Street Tree  
Strategy

Public Open  
Space 

Strategy

Tree Related  
Council Policy 
ET:525, Local  

Planning  
Poilcy LP.09

Figure 1. The City of Canning Strategic Framework incorporating the Strategic Community Plan, the Urban Forest Strategy and the associated Local Biodiversity, Street 
Tree and Public Open Space strategies and City policies (ET: 525 Trees in Streets, Thoroughfares and Parks; LP.09 Tree Retention and Planting).
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3.1 The Strategic Community Plan: Our Vision, Our Future
The City of Canning Strategic Community Plan shapes the City’s 
future direction, priorities and services for 2017−2027. The 
Strategic Community Plan − Our City: Our Future sets a 10-year 
vision for the City of Canning. It outlines the key objectives, 
strategies and projects that will guide the work the City undertakes 
to achieve the vision. This plan was created from the community’s 
values and ideas for the future of the City. During this process the 
community articulated their ideas for ensuring there is greater 
focus on: the natural environment, creating great destinations and 
community places connected by paths and cycle ways, vibrant 
local shops and cafes, safer roads, and visionary leadership. 
The Our City: Our Future Plan sets out specific goals, aspirations 
and objectives. One aspiration of the Plan is that natural areas 
are preserved, with the objective (practical direction towards our 
aspirations) of an increase in urban forest. These objectives are 
incorporated into the corporate business planning framework. 

3.2 Local Biodiversity Strategy
The City of Canning Local Biodiversity Strategy presents an inventory of 
the species, ecosystems and landscapes within the City that represent 
significant values. Through the inventory of the local biodiversity and 
a precise narrative the strategy has developed the vision that ‘Over 
the next 20 years, the diversity of indigenous species and ecosystems 
is conserved, resilient to threats, restored and valued by the local 
community.’ Key strategy objectives are presented and include:

• To increase the protection status of significant biodiversity in 
the City, including on local government managed or owned 
lands, and on private land.

• To appropriately manage local natural areas to reduce threats 
to biodiversity.

• To increase the viability and resilience of natural areas by 
establishing buffers and ecological linkages with the understanding 
of climate change impacts in relation to water and temperature.

• To increase local community awareness and support for 
biodiversity conservation.

In delivering these key objectives the Local Biodiversity Strategy 
supports the Strategic Community Plan, which aims to deliver 
‘natural areas where people and wildlife flourish’.

3.3 Street Tree Strategy
The Street Tree Strategy, which provides broad strategic direction 
to increase the number of street trees planted and managed by 

the City of Canning, will be one of the guiding documents for 
making the City greener. In 2014, the City of Canning was identified 
as having the third-lowest tree canopy of 29 Perth metro local 
governments (University of Technology, Sydney, 2014). Since 
then, the City has placed emphasis on increasing the tree canopy. 
The Street Tree Strategy outlines how the City will maintain and 
increase the number of street trees and provides guidance on 
tree species selection. This will enhance biodiversity, engage the 
community to increase awareness of the value that trees bring to 
the City, and ensure trees make a positive contribution to the City’s 
streetscapes. The Street Tree Strategy aligns with the objectives of 
the Strategic Community Plan: Our City, Our Future, which aims to 
enhance ‘natural areas where people and wildlife flourish’ and to 
deliver ‘accessible, pleasing urban spaces that are fit for purpose’.

3.4 Public Open Space Strategy
The City of Canning Public Open Space (POS) Strategy was 
developed to: define the value of each area of ‘open space’ 
managed by the City; facilitate ranking of each space to assist 
in identifying future works that are required in those spaces; 
consider budget planning for the design, development, ongoing 
management and maintenance of POS areas; and address 
management practices relating to ongoing and future water 
restrictions; and, more generally, climate change.

The POS Strategy considers public space as land within the City 
that is provided for public use and or ecological reasons, and has 
identified green space and infrastructure as important to the City’s 
ecological health. The majority of POS in the City has value from a 
recreational, sporting, natural or ecological perspective and should 
therefore be retained. This is now more important following research 
that identifies the City as having a significantly high proportion of 
hard surfaces that need to be reduced and/or offset by additional 
tree and shrub planting, and regeneration of native vegetation. 
The POS strategy identifies some POS within the City with limited 
social, sport or recreational function that could potentially provide a 
mechanism to assist in offsetting the heat island effect by planting 
trees and understory vegetation. In addition, in planning for climate 
change, the strategy indicates that the City will require a focus on 
native species planting on areas of open space as this reduces the 
need for high volumes of reticulation.

The objectives of the Public Open Space strategy support the 
Strategic Community Plan, which aims to deliver ‘accessible, 
pleasing urban spaces that are fit for purpose’.

Urban Forest Strategy | Section One  |  11



3.5  Local Tree Retention and Planting Policy LP: 09 and Tree 
Management Policy ET:525. 

These policies aim to reduce the detrimental impacts of the UHIE 
through the retention of existing established trees and planting of 
additional trees. An urban heat island is a metropolitan area that 
is significantly warmer than its surrounding rural areas due to 
human activities. The City has committed to reducing the UHIE and 
simultaneously enhancing streetscapes. To achieve this commitment, 
trees within the City streetscapes are not removed without a good 
reason, and any tree removed is replaced by two more trees.

The Streetscape and Park Management (Trees in Streets, 
Thoroughfares and Parks) policy ET:525 applies to all trees 
growing in parks, reserves, public access ways and road verges, 
medians and roundabouts in the City. The policy provides the 
principles for tree management in the City and guidance for 
how permission can be sought for removal of a tree. It specifies 
situations where street trees will not be removed, such as falling 
leaves (nuisance factor) or for the purpose of creating a better 
view. The policy guides the allocation and care of street trees 
planted on verges within the City. 

The policy LP.09 (Local Tree Retention and Planting Policy) deals 
with trees on private property. The policy outlines the City’s 
recognition of trees as assets with significant environmental, 
social and economic values and ensures that preservation and 
enhancement of the City’s tree canopy cover is considered at all 
stages of development. The policy provides a thorough framework 
for tree provision through the retention of existing trees or the 
planting of advanced trees. Additionally, the policy guides the 
provision of ‘reasonable design alternatives’ when the approval 
of a development may result in the removal of a tree, such as the 
development of a new driveway or crossover. 

The objectives of the City’s tree retention and management policies 
complement and feed into the Urban Forest Strategy and align with 
the Strategic Community Plan, which aims to deliver ‘accessible, 
pleasing urban spaces that are fit for purpose’.

3.6  Summary: The Relationship between the Urban Forest 
Strategy and the City’s Strategic Documents

The Local Biodiversity, Public Open Space and Street Tree 
strategies along with the tree retention policies are the technical 
documents that guide the operations of vegetation planting and 
retention within the City. The City’s Urban Forest Strategy is the 
overarching document for all of these strategies and policies. It 
sets projections and targets for the urban forest and ultimately 
monitors the success of, as well as providing strategic support to, 
the City’s plans and strategies relating to the urban forest.
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4.1 What is an Urban Forest? 
Typically, urban forest is defined as the trees and vegetation that occur within a municipal boundary. However, the definitions of urban 
forests can vary. Several cities classify urban forests as the trees within the urban area, regardless of land use type, whether public or 
private (City of London 2014). Other cities have all-encompassing definitions of urban forest. For example, managed urban forest includes 
all the trees and other vegetation – and the soil and water that support it – within the municipality (City of Melbourne 2012). These broad 
definitions of an urban forest incorporate vegetation in streets, parks, gardens, plazas, campuses, river and creek banks, wetlands, 
railway corridors, community gardens, green walls, balconies and roofs (City of Melbourne 2012). They recognise the importance of 
the urban forest understorey in linking strategies back to other environmental and biodiversity goals that cities aim to achieve. Several 
examples of urban forest definitions are summarised in Table 1.

Historically towns and cities have been planned to include public open spaces that utilise trees in parks, gardens, town squares and 
streetscapes. However, it was not until the mid-1960s that the term ‘urban forest’ was coined. In the 1970s several significant empirical 
studies valuing the contribution of urban forests emerged (see reviews in Bolund and Hunhammar 1999; Konijnendijk 2003). Since 
this time, formal urban forest planning and management programs have been developed. The science and techniques of urban forest 
management are now adopted in cities worldwide and the economic, social and environmental benefits to cities and their residents have 
been quantified and published. 

4 URBAN FORESTS

Jurisdiction Definition of an Urban Forest Reference

City of London, Ontario, Canada. Urban forests are trees in largely man-
made environments forming part of the 
Green Infrastructure. Remnant woodland 
vegetation forms the ‘Natural Heritage 
System’ and is defined as ‘natural capital’.

City of London (2014).

Portland City Council, Oregon, USA. Urban forest is the complex system of trees 
and smaller plants, wildlife, associated 
organisms, soil, water, air and people in 
and around the city.

Portland City Council (2004). This definition 
remains within City Urban Forest Action 
Plan annual reports, 2007–2017.

San Francisco City Council, California, USA. Urban forest is a complex system of trees, 
other plants, wildlife, soil, air and water 
within the city including the many people 
who care for and enjoy it.

San Francisco Planning Department (2014). 

City of Melbourne, Victoria, Australia. Urban forest comprises all of the trees and 
other vegetation – and the soil and water 
that support it – within the municipality. It 
incorporates vegetation in streets, parks, 
gardens, plazas, campuses, river and creek 
embankments, wetlands, railway corridors, 
community gardens, green walls, balconies 
and roofs.

City of Melbourne (2012).

City of Perth, Western Australia. An urban forest is broadly defined as a 
collection of green spaces, trees and other 
vegetation that grows within an urban area, 
on both public and private land. 

Background to development of the City of 
Perth Urban Forest Plan. 

Table 1. Examples of urban forest definitions that are used in urban forest management planning.
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4.2 Urban Forest in the City of Canning
The City of Canning urban forest includes all trees and other 
vegetation that occur within public and private lands, and 
encompasses the mosaic of streets, parks, gardens, understorey 
and natural areas including the Canning River foreshore and 
reserves, creeks, drainage banks, remnant vegetation and the 
environment that supports the ecosystem services provided by soil 
and water. Ecosystem services include air and water filtration, 
shade, habitat, oxygen, carbon sequestration and nutrient cycling.

4.3 The Value of an Urban Forest
More than forty years of research, monitoring, management 
and evaluation have unequivocally demonstrated that for cities 
to be liveable they must have an extensive and healthy urban 
forest (McPherson et al. 1994; McPherson et al. 1997; Bowler et 
al. 2010a; Roy et al. 2012; Keniger 2013). In a comprehensive 
review of 115 urban tree studies, almost all of which were 
quantitative and used scientific methods, it was found that urban 
trees afforded significant economic, social, health, visual and 
aesthetic benefits and made significant measurable contributions 
to ecosystem services (Roy et al. 2012). The urban forest also 
provides city dwellers with a connection to nature that is often 
perceived to be missing in urban areas. 

The following sections consider these benefits in more detail, 
with a specific focus on the economic advantages, the improved 
health of people living in cities and the environmental benefits 
afforded by extensive urban forests. In reviewing these sections, it 
is important to understand the distinction between the City’s urban 
forest and urban canopy: urban forest refers to the collective 
green spaces within the City (4.2); the urban canopy refers to the 
green cover produced by the canopy of trees.

4.3.1 Economic Benefits and Costs
4.3.1.1 Economic Benefits
Urban forests provide economic and social benefits in their 
immediate location and to the City as a whole. From the individual 
property owner who has a more comfortable environment and often 
increased resale value, to community members who have better 
water and air quality, and to the native species that have better 
habitats − all benefit from a robust and extensive urban forest.  

Economists have assessed and quantified the economic benefits 
of urban forest for a range of industries and urban management 
disciplines. These cover the diverse areas of sustainability, 
the health sector, urban planning and real estate. Some of the 
economic benefits of an urban forest include:

• Health system savings: Urban forests and green spaces offer a 
range of health benefits that translate into reduced burden on 
the health care system. Quantified assessments show there are 
considerable cost savings in health care. For example, studies 
applying local environmental data showed that trees in 86 
Canadian cities removed 16,500 tonnes of air pollution in 2010, 
with human health effects valued at $227.2 million Canadian 
dollars (Nowak et al. 2018). 

• Reducing energy costs: Major economic benefits come through 
shading buildings in summer, reducing the need for air 
conditioning and in turn cutting energy costs. Increasing tree 
cover by 10% – or strategically planting about three shade 
trees per building lot – saves annual cooling costs by an 
estimated $50 to $90 per dwelling (McPherson and Rowntree 
1993; City of Melbourne 2012).

• Increasing property values: People enjoy and value living in 
tree-lined streets with well-maintained gardens. This drives up 
demand for property in areas with an attractive and extensive 
urban forest. It is estimated that properties in tree-lined streets 
are valued around 30% higher than those in streets without 
trees (Sander et al. 2010).

• Improving retail performance:  Studies have shown that 
shoppers will spend more time and money, come back 
more often, and travel greater distances to visit retail areas 
featuring high-quality trees (Joye et al. 2003; Wolfe 2007). The 
establishment and maintenance of attractive urban forests is 
now recognised as a key element in attracting consumers to 
shopping precincts.

• Avoiding costs of infrastructure damage and renewal: Urban 
forests with significant tree canopy coverage improve the 
useful life expectancy of municipal assets such as roadways by 
shading them from the impact of degrading UV rays (McPherson 
2009; City of Melbourne 2012). This presents significant savings 
to infrastructure maintenance costs and feeds directly into 
asset management and maintenance planning. 

• Marketing the City: Urban forests that include attractive tree-
lined streets, greenspaces and gardens, local natural areas 
and innovative architecture define the culture and image of 
a city. A better image makes a city more competitive, thus 
expanding its political and economic influence. Tourism is of 
increasing importance to many cities, and green space can help 
to promote tourism, as main attractions or – more commonly – 
as attractive ‘settings’ for various types of events and activities 
that boost the local economy (Konijnendijk 2010).

4.3.1.2 Summary of Economic Benefits and Costs
It is a common misperception that urban forests are primarily an 
environmental issue. However, it is now well understood that the 
economic benefits of urban forests may outweigh other benefits 
when city planners consider investments in a more extensive 
and robust urban forest. Bringing these together to form a solid 
economic business case for urban forests is a powerful tool for 
decision makers, as most infrastructure and design decisions are 
based on economic cost benefit analyses.
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4.3.1.3 Potential Costs of Urban Forests
The benefits of urban forests are numerous. However, they also introduce some tangible costs and potential risks into an often risk-
averse environment. Trees that are situated poorly or are not an appropriate species can damage infrastructure such as powerlines, 
roadways and underground services. There is a risk to human safety from some tree species through falling branches or from their 
potential to cause allergies or asthma (Hauer and Johnson 2003; D’Amato et al. 2007). Urban forests can incur an environmental cost 
by providing habitat for nuisance or problem species, for example domestic cats (Lilith et al. 2005; Tait et al. 2005; Dobbs et al. 2011). 
Urban forests also represent a financial cost in their establishment and maintenance. These costs are considered in planning and 
managing an urban forest and the City has rationalised them through the current Local Biodiversity, Public Open Space and Street Tree 
strategies, and incorporating costs through the City’s Corporate Business Plans. 
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4.3.2 The Health and Social Benefit Provided by Urban Forests
Tree-lined streets and natural areas encourage people to walk 
in their communities. Street trees have also been shown to calm 
traffic through neighbourhoods. Urban forests encourage increased 
outdoor activity, which improves general physical wellbeing and 
contributes to lower healthcare costs, particularly as lifestyle-
related illnesses are prevalent (Jerrett and van den Bosch 2018).

The shade created by an extensive canopy significantly reduces 
exposure from the sun’s harmful ultraviolet radiation (Heisler and 
Grant 2000; Grant et al. 2009; Bowler 2010b). Shade from urban 
forests also substantially reduces temperatures during hot summer 
days and significantly reduces the acute effects of heat-related 
illness and mortality (Donovan et al. 2013).

There is a growing body of evidence to show that contact with 
urban forest is associated with multiple health benefits. Recent 
reviews identify various mechanisms that may underlie the 
observed relationships between urban forests and human health 
(van den Bosch and Sang 2017). In addition to encouraging healthy 
behaviours such as physical activity, exposure to urban forests 
may influence our biology by acting on the autonomous nervous 
system and reducing chronic stress (Egerov et al. 2017). This 
can prevent ‘systemic inflammation’, a common cause of many 
noncommunicable diseases and related mortality (Jerrett and van 
den Bosch 2018). It also appears that exposure to urban forests 
may have direct structural and functional effects on the brain that 
reduce the symptoms of depression (Bratman et al. 2015).

The impact of urban forests on health extends beyond people’s 
capacity to walk amongst these green spaces. It has been shown 
in several studies that hospital patients who have access to views 
of trees and green spaces recover quicker than those without such 
viewing opportunities (Ulrich 1984; Brack 2002; Frumkin 2003; 
Verlarde et al. 2007). The economic implications of these improved 
recovery times are significant. 

The mental health and wellbeing of people living in cities is 
partly dependent on a robust and extensive urban forest. The 
latest research from the University of Pennsylvania, Rutgers 
University and Columbia University strengthens our knowledge and 
understanding of urban forests and human health considerably. In 
a world-first scientific study, medical researchers have conducted 
a randomised trial to test the value of green space in the mental 
health of adults. The result was a significant 63% decrease in 
depression and ‘feelings of worthlessness’ in groups who had 
access to community gardens or greenspaces (South et al. 2018). 
Based on this large-scale randomised trial, the authors consider 
that the maintenance and restoration of green spaces, particularly 
in lower-socio economic areas, is an important part of the mental 
health and wellbeing of the community. The importance of this 
work should not be underestimated. The experimental design 
is equivalent to those used in randomly assigning any medical 
treatment as part of pharmaceutical or disease treatment trials. 
The highly significant results mean that for city planners, failing 
to incorporate and deliver an extensive and robust urban forest 
increases the health risks for the community.
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4.3.2.1 Summary of Health and Social Benefits Provided by Urban Forests
The extensive published scientific literature, including primary-sourced studies and reviews, and extending to meta-analyses, now 
contains a wide-ranging evidence base for the positive impacts of urban forests on human health. A small number of studies do 
examine some of the negative health effects, particularly with respect to allergies. Collectively the literature studies demonstrate the 
overwhelmingly positive impact that an extensive urban forest has on the community. It is now accepted that for the City to discount this 
evidence of the benefits of the urban forest increases the risk of poorer health outcomes to the community. 
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4.3.3 The Environmental Benefits of the Urban Forest
Through their biochemical mechanisms, robust urban forests 
utilise water, nutrients and carbon dioxide to grow and remain 
resilient. For the urban environment, the by-products of these 
processes are shade, oxygen, air that has been filtered of a 
significant amount of particulate pollutants, improvement in 
natural water processes and support of biodiversity (Bolund and 
Hunhammer 1999; Chiesura 2004; Roy et al. 2004).  They also 
influence the sound of a city, reducing noise and providing quiet 
places within the built urban environment (Bolund and Hunhammar 
1999). Through photosynthesis and transpiration trees, shrubs 
and understorey convert carbon dioxide to carbon, which is 
stored within their biomass as they grow. Urban trees make a 
significant impact in absorbing carbon from the atmosphere. The 
aquatic plants and algae in natural swamps and wetlands also 
store carbon through the process of photosynthesis (Chmura et 
al. 2003). Urban forests reduce air pollution through absorption 
of gaseous pollutants in their leaves, including nitrogen dioxides 
and sulphur dioxide, while at the same time producing oxygen from 
photosynthesis. Urban forests intercept fine particulate pollutants 
on leaf, branch, and trunk surfaces (Dwyer et al. 1992; Brack et al. 
2002). Tree canopies, understorey vegetation, gardens and roots 
intercept, filter and absorb rainfall and reduce stormwater flows 
(Xiao et al. 1998). This reduces the runoff and pollutants entering 
watercourses and stabilises the volume of water within the water 
cycle. Tree canopies and root systems also help to mitigate flood 
levels during extreme events and can lower stormwater flows into 
drainage infrastructure. Additionally, roots provide structure to 
soil, helping prevent erosion.

It is known that robust, resilient terrestrial ecosystems rely on a 
complex ‘vertical structure’ of groundcover, understorey, midstorey 
and canopy vegetation. Numerous studies have demonstrated 
that ecosystems with these traits of vertical complexity will 
provide habitat for a greater and more resilient population of bird, 
mammal and insect biodiversity (Craig 2004; Garkaklis et al. 2004; 
Gibson et al. 2004; Strehlow et al. 2004). To improve conservation 
outcomes, an urban forest needs a complex vertical structure of 
understorey and midstorey plants in gardens, parks and natural 
areas, coupled with a well-connected tree canopy (Alvey 2006). 
This supports the goals of the City’s Local Biodiversity Strategy. 

The current status of natural areas in the City that support the 
endemic biodiversity is documented in the Local Biodiversity 
Strategy. It includes:

• a relatively small area of remaining native vegetation that still 
supports a large and significant diversity of flora and fauna. 
For example, in 2011 a study found an area of native vegetation 
on the Canning River foreshore recorded one of the highest 
numbers of ecological values across the Perth and Peel region 
(Local Biodiversity Strategy 2018)

• over 738 species of flora and fauna occur in the five regionally 
significant vegetation complexes within the City

• specially protected flora and fauna occurs within these 
complexes, including: 
¡ the endangered Banksia woodlands of the Swan Coastal Plain 
¡ the endangered Carnaby’s Cockatoo and vulnerable Red-

tailed Black Cockatoo.

In implementing the Urban Forest, Local Biodiversity, Public Open 
Space and Street Tree strategies the planning for maintenance and 
expansion of the City’s urban forest must consider:

• promoting the ecological linkages across the City to capture 
identified biodiversity elements that have been prioritised for 
conservation management

• expanding the urban forest tree canopy to support endangered 
and vulnerable bird fauna

• maintaining and creating urban forest understorey and 
midstorey, where appropriate, to improve habitat vertical 
complexity that aims to conserve and improve the condition of 
high-value vertebrate and invertebrate fauna. 

4.3.3.1 Summary of Environmental Benefits of Urban Forests
Extensive, robust and well-linked urban forests with a diversity of 
tree canopy, midstorey and understorey vegetation will provide better 
habitat for local native fauna species. These linkages will promote the 
movement of species and help in achieving the goals of the City’s Local 
Biodiversity, Public Open Space and Street Tree Strategies. 
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4.3.4 Cultural Benefit
The vegetation of the landscape in which we live connects people to culturally important linkages to generations present, past and 
future. For all people in the community, the urban forest can reflect a sense of history and allow everyone an opportunity to connect 
with the past. Growing an urban forest provides a rare opportunity to strengthen these cultural connections and include Indigenous 
knowledge and cooperation in maintaining and growing the current urban forest. These are important elements to include as drivers for 
the maintenance and expansion of the City’s urban forest.

Urban forests provide a visible and physical connection through which people interact with each other and the environment. Urban 
forests improve social connection. They offer a sense of place and support community interaction through events, festivals and passive 
interaction. In general, urban forests give people places to experience nature, and feel a sense of well-being.

4.3.5 Aesthetic Value
The connections people feel with trees are in part associated with the beauty of the natural areas that make up an urban forest. The 
aesthetic value of trees enhances the liveability of an area, and people appreciate and enjoy the experiences that trees provide. This 
aesthetic appreciation motivates people to sustain or enhance the urban forest for present and future generations (Dwyer et al. 1991). 
Residents in cities hold very strong personal ties to urban trees and forests, with some having an almost spiritual connection.

This aesthetic element is an important driver for maintaining and enhancing the City’s urban forest. It provides an opportunity for leaders 
with a strong vision to encourage people to experience the range of benefits of a more comprehensive urban forest, from small pocket 
areas that provide complete canopy cover for people to see and experience, to gardens that reflect the heathlands and shrublands 
indicative of the pre-European vegetation, to managed natural areas that allow a visual and aural connection to the local biodiversity.
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5.1 What are Urban Heat Islands?
The build-up of heat in a city is referred to as the urban heat island 
effect (UHIE). The UHIE is common worldwide as cities become 
warmer than the surrounding peri-urban and rural environments 
(USDA 1993). After a hot day parts of a city can be four to seven 
degrees hotter than surrounding rural areas and the impacts of the 
effect can be worse at night (Portland City Council 2004). During 
heatwaves the UHIE is a critical issue for vulnerable people. 

5.2 What are the Drivers for Urban Heat Islands?
5.2.1 Surface and Atmospheric Heat Islands
There are two types of urban heat islands: surface and 
atmospheric (EPA 2014). These two heat island types are 
characteristically different; therefore, the methods used to identify 
and measure them, how they impact a city, and how they can be 
controlled are different (EPA 2014).

During hot, sunny days over summer hard surfaces in the urban 
environment, such as roads and building roofs, can be 25 to 50 
degrees Celsius hotter than the air. Shaded areas are typically 
closer to the actual air temperature. The build-up of this heat in 
hard, exposed surfaces causes a surface urban heat island and 
this effect tends to be more pronounced during daylight.

The atmospheric heat island effect is when the air in urban 
areas is warmer than air in rural areas at the same time of day. 
Management of this effect focuses on the atmospheric heat island 
that forms in the air from ground level to the roof-top or tree 
canopy. Atmospheric urban heat islands are often weak during the 
late morning and throughout the day and become more pronounced 
after sunset due to the slow release of heat from the hard, 
exposed surfaces of buildings, roofs, roads, footpaths and other 
urban infrastructure. The timing of the maximum temperature of 
the atmospheric heat island depends greatly on the nature of the 
urban landscape, the season and the prevailing weather (Portland 
City Council 2004). 

Air temperatures usually vary much less than surface temperatures 
across an urban environment. Research has confirmed that parks 
and shaded areas are cooler than surrounding exposed surfaces 
(Bowler 2010a). These cooler vegetated surfaces contribute to 
cooling the air temperature. Exposed surfaces that increase in 
temperature result in hotter air temperatures. The following 
schematic provides a summary of surface characteristics and the 
typical differences in air temperatures that result.

5 URBAN HEAT ISLAND EFFECT

Figure 2. Schematic representation of changes in air temperature in relation to surface characteristic (EPA 2014).
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5.2.2   The Atmospheric Energy Balance and Urban  
Heat Island Formation

The atmospheric energy balance accounts for the amount of 
energy the earth receives from the sun and the amount of energy 
that is radiated back into space after interaction with elements of 
the earth’s climate system; this is the energy flow or energy flux 
and this balance affects surface and air temperatures in different 
environments (EPA 2014). The surface temperature of urban 
environments tends to be higher because of the different surface 
characteristics. Dark roads and roofs, concrete paths, low shade 
and human activity in urban environments mean that energy flux 
in urban environments is very different from rural environments. 
This causes heat islands as heat is retained within these urban 
surfaces and the atmospheric environment. 

Heat island formation can be explained by the atmospheric energy 
balance equation. This equation summarises all the elements that 
contribute to or influence atmospheric energy flux. The equation is:

(1-r)S↓ + L↓ = L↑ + H + Æ + G, where

• r is the albedo of the surface 
• S↓ is the solar radiation that the ground surface is exposed to
• L↓ is the longwave radiation that the ground surface is exposed to
• L↑↑ is longwave radiation emitted by the surface
• H is sensible heat flux from the surface that we can measure or feel
• Æ is latent heat flux from the surface 
• G is heat conducted away from the surface

Briefly reviewing the atmospheric energy balance equation is useful 
because it provides reasons for the formation of urban heat islands 
and clues for management interventions that aim to minimise this 
effect. For example, solar reflectance, or albedo, is the percentage 
of solar energy reflected by a surface. Much of the sun’s energy is 
found in the visible wavelengths; these are the wavelengths we see 
and that give objects their colour. Solar reflectance is correlated 
with a material’s colour. Darker surfaces tend to have lower solar 
reflectance values (lower albedo) than lighter surfaces; they absorb 
these visible wavelengths and they become hotter. This is why a dark 
roof on a house contributes more to the surface and atmospheric 
heat island effect than a house with a reflective roof.

Urban areas typically have surface materials, such as roofing and 
roads and concrete paths that have a lower albedo than those in 
rural settings. As a result, cities generally reflect less and absorb 
more of the sun’s energy. This absorbed heat increases surface 
temperatures and contributes to the formation of surface and 
atmospheric urban heat islands (EPA 2014). Surfaces and their 
thermal flux characteristics are the drivers for the development of 
urban heat islands. 

The atmospheric and surface energy balances are summarised in the 
schematic diagram below.

In summary, reducing the amount of heat energy requires the 
removal of anthropogenic heat, a reduction in heat absorption and 
an increase in the reflection of energy (higher albedo). These can all 
be achieved by increasing the urban forest.

Figure 3. Schematic diagram of an urban environment’s surface energy budget and the link to the urban atmosphere (from EPA 2014). Short-wave radiation is emitted 
from the sun as visible and ultraviolet light, which is absorbed by the earth. Long-wave (infrared) radiation is re-emitted from the surface of the earth. Anthropogenic 
heat is the heat released into the atmosphere as a result of human activities. Latent heat is the energy released by a substance. Sensible heat is related to changes in 
temperature of a gas or object without phase change.
In summary, reducing the amount of heat energy requires the removal of anthropogenic heat, a reduction in heat absorption and an increase in the reflection of energy 
(higher albedo). These can all be achieved by increasing the urban forest. 
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5.3 The Impacts of Urban Heat Islands
Summers in southwestern Australia are expected to become hotter 
and heatwaves more frequent, with ‘more much hotter days and 
fewer much cooler days’ (Bureau of Meteorology/Commonwealth 
Scientific and Industrial Research Organisation 2018). 

The potential flow-on effects of the hotter weather are 
catastrophic. Heatwaves already kill more Australians than any 
other natural disasters (Bi et al. 2010). Unless local governments 
and the community act to minimise the very severe impacts of the 
UHIE, this rate of fatality will increase. 

Climate change leading to increased UHIE in the City of Canning 
will impact people’s health and social wellbeing. The community 
needs an environment that provides an opportunity to go outdoors, 
to engage in outdoor recreation and education, and to participate 
in community events. All of these basic activities contribute to the 
health and wellbeing of the community. If the UHIE is not managed, 
then these opportunities will decrease. 

The environmental impacts of an unmanaged and increasing UHIE 
will be significant. Energy and water consumption will increase, 
and the remaining street trees, vegetation and Public Open Spaces 
will come under increasing pressure. The City will need to increase 
resources in an effort to maintain the conditions of the Public Open 
Space, streetscapes and natural areas because of the impacts 
of increased UHIE. The costs to maintain infrastructure will also 
increase because of heat- and sun-related damage.  

The City’s Urban Forest Strategy is the strategic document that 
aims to address the significant impacts of increasing UHIE. 
Delivery of the strategy is intended to result in a lowering of the 
UHIE and a cooling of the city, and will provide improved economic, 
social and environmental outcomes. 

5.4 Reducing Urban Heat Islands and Their Effects
Trees, conservation areas, parks and gardens affect the air 
temperature of an urban area and cool cities by reducing the UHIE. 
Bowler (2010a) conducted meta-analysis to synthesise data on 
the cooling effect of the various components of urban forests. The 
analysis primarily investigated air temperature between green and 
non-green sites, but also examined differences between gardens 
with a low tree height cover and canopy in comparison to treed 
parks. For all components of the urban forest the reviews and 
analyses showed that, on average, a park was 0.94°C cooler in the 
day in comparison to non-vegetated areas. Also, larger parks and 
those with trees also remained cooler during the day than smaller 
parks without trees (Bowler 2010b). 

The City must focus on the significant benefits of the urban forest to 
become more sustainable and resilient, particularly in the face of a 
changing, hotter climate. The best strategy to mitigate future heat 
island impacts is an extensive and well-linked urban forest. 

Setting targets for canopy and vegetation increases in the urban 
forest is the most important first step in reducing the UHIE. Ways 
to reduce the UHIE through increased canopy and green-space 
cover include investment in and maintenance of the existing canopy 
cover and green space in the City, including natural vegetation in 
reserves and on the Canning River foreshore. Decreasing the loss 
of canopy from tree clearing on private property, and renewal and 
revegetation of degraded watercourses will also help reduce the 
UHIE. It is important to note that the City’s current Local Biodiversity 
Strategy, Public Open Space Strategy, Street Tree Strategy and the 
tree retention and management policies will contribute to the targets 
for increases in the City’s urban forest and will therefore contribute 
to controlling the UHIE in the future. 

It is extremely important that the community is engaged in the 
process of managing the City’s UHIE. To this end, the strategies and 
policies that contribute to and support this Urban Forest Strategy 
were developed through a process of community involvement. 
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The City acquired 2016 (Landsat 8) thermal imagery and created a heat island map of the City (Figure 4). Figure 4 shows an overview of 
the temperature differences across the City and indicates where the UHIE is greatest. 

6 CITY OF CANNING LAND SURFACE TEMPERATURES

Figure 4. Landsat 8 thermal imagery (2016) for the City of Canning. High temperatures, coloured red (> 42 C), indicate higher surface temperatures and more likely 
represent worse Urban Heat Island Effect.
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Examination of specific areas of the City show where the UHIE is worst. For example, the City of Canning Landfill and Recycling Facility 
clearly shows land-surface heat differences between the much hotter historic landfill, the facility itself and the cooler natural vegetation 
adjacent (Figure 5). 

The UHIE within the City’s residential areas is also very apparent. The natural vegetation of Fairfield Park and the reticulated sporting 
fields at Canning Vale Oval are much cooler than the residential streets, particularly in the vicinity of Ranford Road and Wilfred Road 
(Figure 6). It is significant that the tree-lined Waratah Boulevard and Woodland Park also represent cooler land-surface temperatures. 

Figure 5. Landsat 8 thermal imagery. Differences in UHIE are shown between the cooler natural vegetation and the recycling facility.

Figure 6. Landsat 8 thermal imagery. Differences in UHIE are shown between the cooler urban canopy and some residential and commercial areas.
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The graphical strata distribution plots clearly demonstrated the current status of vegetation height classes in the different parts of the 
City. They show that though temperature variations as a result of vegetation height differences were small, their relationship was distinct 
to a 95% confidence level. Bare, non-vegetated ground and building tops had the highest temperatures (Figure 7). Where vegetation 
was present, temperatures were observed to fall with an increase in vegetation height. This relationship held until vegetation reached a 
height of about 10m, above which temperatures were seen to start to rise again (Astron Environmental Services 2016).

Figure 7. Box-plots showing differences in land-surface temperatures (LST Celsius) for non-vegetated, building and vegetated areas of the City of Canning.
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Land-surface temperatures varied between each suburb (Astron Environmental Services 2016). The suburbs of Bentley, East Cannington 
and Queens Park were the hottest and more prone to worse UHIE (Figure 8). Rossmoyne and Shelley were the coolest suburbs (Figure 8). 

Figure 8. Box-plots showing differences in land-surface temperatures (LST degrees centigrade) for each suburb in the City of Canning

The temperature differences between suburbs are shown spatially in the thematic map Figure 9.
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Figure 9. Mean land-surface temperatures for each suburb in the City of Canning.
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The City’s 2015 analysis of the land surface temperatures and the 
land cover classes has demonstrated the relationship between 
land cover and land surface temperature in the City of Canning. 
This review has provided scientific and management evidence 
that demonstrates the role that the urban forest has in creating 
sustainable, liveable cities. These individual functions can be 
considered collectively since many are inter-related and they also 
align with the goals expressed in the Strategic Community Plan: Our 
Vision, Our Future; the Local Biodiversity, Street Tree and Public Open 
Space strategies; and the Tree Retention and Management policies. 

The City of Canning has been identified as having one of the lowest 
levels of urban canopy cover in the Perth Metropolitan Area, with 
less than 8% canopy cover over the total municipal area. The 
current land surface temperatures suggest that temperatures will 
increase, particularly in summer, unless effective management is 
implemented. 

Growing urban forests remains the primary mechanism for creating 
a city that is liveable, sustainable, healthy and inclusive. This 
Strategy includes a set of guiding principles to support the strategy’s 
implementation. These principles are:

• increase the liveability of the City
• work in partnership with Indigenous people, residents, 

commercial proprietors and industries in the City to grow an 
urban forest that supports the people, the environment and our 
biodiversity; all of which contribute to the sense of place

• promote community physical and mental health and wellbeing
• mitigate the impacts of climate change and decrease the urban 

heat island effect
• maintain or improve air, water and soil quality
• provide a visible sense of place for the City, one that is widely 

recognised and highly appreciated.

If successfully implemented, the strategy will provide measurable 
and continual increases in the area and condition of the urban 
forest for the next two decades. The strategy provides a framework 
for five-year implementation plans and outlines the five-year 
monitoring, evaluation and reporting program so that these 
achievements in the state of the Canning urban forest’ can be 
measured, reported and shared with the community.  

These principles encapsulate the broader perspective, goals and 
objectives of the Urban Forest Strategy. This provides the basis for 
the development of a vision for the Urban Forest Strategy.

7  THE COLLECTIVE FUNCTIONS OF AN URBAN FOREST 
AND THE LIVEABILITY OF A CITY
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The City of Canning’s vision is to be a ‘welcoming and thriving City’. Central to that vision is the creation of a resilient urban forest, which 
will enhance the environmental, social, cultural, health, economic and intergenerational benefits for the whole community that urban 
forests provide.

8  VISION
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In 2015, the City measured the canopy and other land cover types using analysis of aerial multispectral and high resolution imagery to 
classify areas of vegetation and stratify these areas into height classes (Astron 2016) (Figure 10). All vegetation greater than 3m above 
ground level was classified as canopy for the purpose of this analysis.

9 CURRENT CANOPY AND CONTEXT

Figure 10. Spatial analysis of the City of Canning’s land cover classes (October, 2015).
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9.1 City-Wide Canopy Cover
9.1.1 Overview
The City of Canning occupies an area of 6478.95ha and is located 
approximately 10 kilometres south-east of the Perth city centre. The 
City is composed of a mix of land-use types (Figure 11), principally 
freehold land (3732.69ha), which includes two large industrial 
precincts located within the suburbs of Canning Vale, and Welshpool 
(1232ha). The City is also home to 707ha of public open space 
(POS) and parks, including parts of the Canning River Regional Park 
and Canning River (Dyarlgard) wetlands, which border the Canning 
River system running east-west through the City. Road reserves 
total 1244.8ha of land within the City. Inclusive of these areas are 
794.46ha (Residual) of state and federal land that is outside the direct 
jurisdiction (ie, no management order) of the City. These include areas 
such as public school grounds, Water Corporation lands, the Canning 
River and adjacent wetland areas, and much of the Canning River 
Regional Park.

9.1.2 Current Urban Canopy
The land cover analysis shows that the City (6478.95ha) is 
predominantly covered by non-vegetative classes (buildings 

20.3% and non-vegetation 38.7%) (Figure 10, Figure 12), which 
total 3824.3ha. Non-vegetation is defined as land cover not in 
the vegetation or building classes, and consists of water, roads, 
paths, bare soil and so on. The remaining approximately 40% of 
land is covered by vegetation, half (20%) of which is grass. The 
grass category consists of sports turf, grass in public open space, 
grass in residential and verge areas, and some areas of low profile, 
unmaintained and annual vegetation. Of the remaining area, 13.4% 
is vegetation under 3m in height (bushes, shrubs and tall grasses). 
Canopy (vegetation over 3m in height) makes up the smallest 
proportion of land cover, covering 493.7ha or 7.6% of the City area.

Canopy cover is greatest in the suburb of Ferndale (16.9%), followed 
by Wilson (12.7%), Rossmoyne (11.7%) and Riverton (11.2%) (Figure 
13 & Figure 14). These suburbs are all well above the city-wide 
average of 7.6%. The suburbs of Parkwood, Cannington, Bentley and 
St James have below-average canopy cover, ranging between 7% 
and 7.5%. The part of Leeming that falls within the City boundaries 
contains only 5% canopy cover. The suburbs of Canning Vale and 
Welshpool have 4.6% and 3.6% canopy cover respectively, due to 
large areas of industrial estate.  

34  |  Urban Forest Strategy | Section Two



Figure 10. Spatial analysis of the City of Canning’s land cover classes (October, 2015).

Figure 11. The City of Canning divided into land use areas: streetscapes (black), freehold land (blue), Public Open Space (green), and residual state- and federal-
managed land (yellow) (2019).
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Figure 12. City-wide land cover classification area within the City of Canning.

Figure 13. Canopy cover (%) in each suburb within the City of Canning compared to the average (dashed line).

CITY-WIDE LAND  
COVER CLASSIFICATIONS
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Figure 14. Canopy cover (%) in each suburb within the City of Canning.
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9.2 Public Open Space (POS)
9.2.1 Overview
The City of Canning POS category is defined in the POS Strategy 
as ‘Land provided for public access for ecological reasons. It is an 
important part of the community’s Green Infrastructure asset and 
important for the City’s ecological health; by implication, it should 
be freely accessible to the public (City of Canning Public Open Space 
Strategy 2015). Public open space refers to land that has been 
reserved for the purposes of sport and recreation, preservation of 
natural environments and/or provision of green space. It includes 
parks/parkland areas, natural and conservation areas, residual green 
spaces and underdeveloped open space, and in the City covers a total 
area of 707ha. For the purposes of this Urban Forest Strategy, POS 
outside of the direct management of the City has been excluded from 
the modelling as canopy cover in these areas is largely outside the 
City’s control.

9.2.2 Current Urban Canopy
Based on the 2015 land cover analysis, the predominant land cover 
class within the POS is grass, which covers nearly half of the land 
area (Figure 15). Only a small proportion of POS is maintained 
as active recreation reserves in which uniform grass cover is a 
requirement. The dominance of grass elsewhere reflects a traditional 
concept of POS that is common in suburbs throughout Perth. 

Buildings and non-vegetated areas make up 121.2ha (17.1%) of 
the area (Figure 15). Non-vegetated areas include water bodies 
such as in Ranford Parklands and the Wharf Street Basin, as well 
as non-turfed sporting facilities like netball courts. Areas of bare 
earth (possibly seasonal grass/weed cover during the winter) are 
also classified as non-vegetated in this analysis. Large areas of bare 
earth are found in Baile/Bannister Park as well as Wilfred Park in 
Canning Vale among others. The remaining 34.7% of POS is covered 
by vegetation, approximately half (17.6%) of which is tree canopy 3m 
in height and above. 

Canning Vale and Leeming have the lowest average POS canopy 
cover at 9.9% and 11.4% respectively (Figure 16). Canning Vale in 
particular has a relatively large area of POS due to Wilfred Park and 
the capped waste disposal site; however, both of these sites have 
very low canopy cover (1.9% and 5.2% canopy cover, respectively). 
Welshpool by contrast has a high average POS canopy cover (27.3%); 
however, there is very little POS within Welshpool, and this figure 
is composed primarily of the McDowell Street bushland in between 
Welshpool Road and Orrong Road. The suburb with the greatest POS 
canopy cover is Rossmoyne (30.9%), largely resulting from the Yagan 
Wetland area, whereas the adjacent river-front suburb of Shelley has 
less than half that amount of canopy cover (14.7%), as Shelley’s POS 
is composed largely of turfed river-front parkland and Shelley Park 
active sporting reserve.  
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Figure 15. Land cover classification areas within the City of Canning public open space. The land cover classes 3−6m to >15m represent canopy that constitutes  
17.6% land cover

PUBLIC OPEN SPACE
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Figure 16. Average (17.6%) canopy cover of public open space within each suburb of the City of Canning.
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9.3 Streetscapes
9.3.1 Overview
Streetscapes constitute 1244.8ha (19.1%) of the total City of Canning 
area. There are 581km of roads managed by the City, with an 
additional 51km of state-managed roads (City of Canning, 2018b). 
Several major transport highways run through the City, including the 
Albany Highway, Leach Highway and Roe Highway. There are also 
several controlled access roads, including Orrong Road and the Leach 
and Roe Highways, which require Main Roads WA approval prior to any 
landscaping /tree planting works being undertaken. 

9.3.2 Current Urban Canopy
Based on the 2015 land cover analysis, the major land cover type 
in streetscapes is non-vegetated (59.4% of the total streetscape 
area), largely composed of roads and footpaths (Figure 17). The 
remaining area is predominantly covered by grass (25.6%), with 
only a small proportion of low (<3m) vegetation (8.9%) and canopy 
(6.1%) (Figure 17). The total streetscape canopy of 76.3ha is spread 
across approximately 22,100 trees, of which 15,914 are located on 
verges, with the remaining 6,208 in other streetscape areas such 
as median strips. On average, each streetscape tree has 36m2 of 
canopy. Most street trees are mature (>66% of expected height), 
with approximately 25% semi-mature (33 to 66% of expected height) 

and less than 20% immature (<33% of expected height). To maintain 
a stable urban forest over time, a diverse distribution of tree ages 
is required to allow for natural tree mortality and removal. Data 
regarding rates of tree growth and mortality within the City are not 
available; however, this age-class distribution is expected to lead to 
a stable or slight increase in canopy cover over time (City of Canning 
Street Tree Strategy 2018). Only a very small proportion of trees 
within the streetscapes are post-mature (the oldest class of tree 
age, where trees are entering senescence)  (City of Canning Street 
Tree Strategy, 2018). The vast majority (93%) of street trees were 
identified as being of fair condition or better in 2013 (City of Canning 
Street Tree Strategy 2018).

Suburbs located around the Canning River, including Rossmoyne, 
Shelley, Riverton and Wilson had above-average canopy cover over 
streetscape areas (Figure 18). These suburbs all had an average 
streetscape canopy cover between 8% and 9.1%. The small area of 
Leeming falling within the City had the lowest average streetscape 
canopy cover (2.6%), followed by Canning Vale (4.1%), Parkwood 
(4.6%), East Cannington (5.3%) and Queens Park (5.5%). To help 
grow the canopy cover within streetscapes, further analysis may be 
warranted to understand variations in streetscape canopy cover and 
the influence of verge size, suburb age, block size, and the presence 
of underground powerlines. 
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Figure 17. Land cover classification area within the City of Canning streetscapes. The land cover classes 3−6m to >15m represent canopy that constitutes 6.1% land cover.

STREETSCAPES
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Figure 18. Average (6.1%) canopy cover of the streetscapes within each suburb of the City of Canning.
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9.4 Freehold Land
9.4.1 Overview
Freehold land is categorised as land owned privately and not in 
public ownership (not crown land). In the City of Canning it includes 
residential, commercial, industrial and private community areas. 
Freehold land within the City is predominantly residential land, 
although large industrial precincts are present within the suburbs of 
Welshpool and Canning Vale. Residential zoning density is generally 
highest along the major transport arterials, such as Albany Highway, 
Manning Road and High Road, as well as the Queens Park and 
Cannington railway stations, which are located within the Queens Park 
Local Structure Plan (LSP) and Canning City Centre Activity Centre Plan 
(ACP) zones, respectively.

Freehold land will be the most difficult land class to influence the 
canopy of, as it is largely beyond the direct control of the City. The 
greatest threat to urban canopy comes from the increasing number 
of freehold land subdivisions, which limits the space available for 
tree planting and often results in tree removal during development. 
Although technically outside the mandate of the City, policy options 
exist for the City in this area, including the implementation of targeted 
programs for tree preservation as well as public outreach and 
education incentives (see Sections 12 and 14).

9.4.2 Current Urban Canopy
Freehold land is predominantly non-vegetated land (35.2%) and 
buildings (24.4%). Non-vegetated freehold land is commonly 
composed of residential driveways and paved areas, commercial 
parking lots and open expanses of industrial hardstand. Vegetation 
less than 3m in height is the next most common land cover 
classification (13.5%), closely followed by grass (12.8%). Canopy 
makes up the smallest proportion of land cover, at 4.1% or 153.2ha 
(Figure 19).

Very low levels of freehold canopy cover are found in the suburbs of 
Welshpool (1.6%) and Canning Vale (3.5%), due to the predominance 
of industrial land. The properties in these areas require large areas 
of warehousing and exposed hardstand for the storage, loading, 
unloading and manoeuvring of trucks. Low levels of canopy cover 
were also found in Cannington (4.1%) and Bentley (5%), which 
represents the central transport corridor with generally higher 
residential densities. Cannington also contains the City’s central 
commercial precinct comprising large commercial buildings and 
generally low-canopied car parking lots. The suburbs with the 
greatest freehold canopy cover were Rossmoyne (9.6%), Ferndale 
(8.1%) and East Cannington (7.6%). The relatively high freehold 
canopy cover in East Cannington is not consistent with its zoning, 
which is relatively high, ranging from R15 to R80. However, the 
figures are skewed due to a large proportion of the lots being under 
or presently underdeveloped. 
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Figure 19. Land cover classification area within the City of Canning freehold land. The land cover classes 3−6m to >15m represent canopy that constitutes 4.1% land cover.

FREEHOLD

Urban Forest Strategy | Section Two  |  45



Figure 20. Average (6.3%) canopy cover (>3m height) of freehold land within each suburb of the City of Canning.each suburb of the City of Canning.
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Projections have been developed for the canopy area within the 
City of Canning for the next 20 years, through to 2039. The primary 
negative impact on tree canopy area is anticipated to come from 
urban in-fill development, which is putting pressure on urban trees 
and canopy cover (Figure 21). 

According to modelling by the City’s population forecasting model 
(Forecast ID™), the population of the City is set to increase by 33% 
to 119,993 between 2016 and 2031. This increase will largely be 
accommodated by infill and redevelopment of existing residential 
areas. The Western Australian Planning Commission’s Directions 
2031 Spatial Framework for Perth and Peel (2010) mandates 
increased in-fill housing to reduce urban sprawl and make best 
use of existing available land and infrastructure.

This has been considered in developing the City’s Local Planning 
Scheme No. 42, which prescribes a new land zoning distribution to 
accommodate the required density and number of dwellings for the 
future population. ‘Business as usual’ projections through to 2039 
are based on the assumption that canopy cover will remain stable 
within POS and streetscapes. Canopy cover changes principally 
result from loss within freehold land due to development following 
changes in residential design codes (R-codes) (Figure 21). R-codes 
control the design of most residential development in Western 
Australia. Further description of these R-codes, including the 
number of dwellings allowed per site, is provided in Appendix F. 
In total, canopy cover within the City is projected to increase by 
11ha (2.9% increase) over the next 20 years. This would result in 
an increase of the current canopy from 7.6% to 7.8% under the 
current tree management programme. 

10 PROJECTIONS

Figure 21. Projected canopy cover (ha) of the City of Canning between 2015 and 2039 based on previous trends in freehold lands and current management in POS and 
streetscapes.
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Freehold land within the City is subject to the provisions of the Local Planning Scheme (currently Local Planning Scheme No. 42). The 
scheme map (Figure 22) classifies land into different categories of use (e.g. POS, community purposes, industrial and residential). 

Figure 22. The distribution of zones (Local Planning Scheme No. 42) within the City of Canning. 
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For the purpose of this analysis, these uses have been broadly 
classified into residential (consisting of each of the R-Codes, 
Queens Park Local Structure Plan (LSP), Portcullis LSP and 
Bentley Regeneration LSP) and non-Residential Use (consisting 
of Commercial, District Centre, General Industry, Light Industry, 
Local Centre, Mixed Use, Private Community Purposes, Rural, 
Service Commercial and the Canning City Centre Activity Centre 
Plan (ACP)). The Canning City Centre ACP was included in the ‘non-
residential use’ analysis as the majority of the development will be 

commercial or high-density residential with a commercial ground 
floor. The other LSPs (Queens Park LSP, Portcullis LSP and Bentley 
Regeneration LSP) are, in contrast, primarily residential. The 
canopy cover in the non-residential use area is not projected to 
change, with the exception of the area of the Canning City Centre 
ACP. In this area, canopy is projected to increase by 5.3ha (132%), 
from four to 9.3ha (Table 2), except for the Threatened Ecological 
Community (TEC) located near Lake Street in Cannington.

Residential canopy projections were developed by considering 
the number of lots that are currently underdeveloped according 
to the new zoning proposed in the Local Planning Scheme No. 42. 
The current canopy cover within each lot was calculated from 
the aerial imagery. Canopy area within lots that are currently 
developed up to the density limits of Local Planning Scheme 
No. 42 were compared with underdeveloped lots of the same 
R-Code. Projections are based on modelling the development of all 
underdeveloped lots over the next 20 years. 

Canopy cover within areas regulated by separate LSPs, as 
outlined in the City’s Town Planning Scheme No. 40 (Bentley LSP, 
Canning City Centre ACP, Portcullis LSP and Queens Park LSP), 
were modelled independently due to their unique regulatory 
context. Freehold land in Bentley LSP and Canning City Centre 
ACP are projected to reach a canopy cover of 10% by 2039. These 
increases are predicted as a result of the implementation of deep 
soil policies, which mandate the provision of deep soil zones on 
new developments to promote tree growth (Canning City Centre 
Activity Centre Plan). Queens Park LSP area is projected to reach 
3.2% canopy and the Portcullis LSP area is conservatively forecast 
to lose all freehold tree canopy. 

The canopy cover in residential areas is projected to decline by 
24.2% from 6.2% to 4.7% by 2039 (Table 3). In terms of area, 
this is a loss of 34.2ha from 140ha currently to 105.7ha. The 
residential areas that are expected to experience the biggest 
losses in canopy area are R40, R30, R25 and R20 zones, which 
have a large area of underdeveloped land.

However, a decrease of roughly 3% canopy cover is consistently 
observed in each R-code from R25 to R100 after development. The 
increase in density allows underdeveloped land to be developed to 
a higher density.

This suggests that it is the development of land as opposed to 
increasing dwelling density that is responsible for the loss of trees 
in residential freehold land. This is clearly illustrated in Figure 24, 
which shows that the required ground preparation and building 
method (ie, engineering, fill and compaction) and typical design 
of built form (ie, brick on concrete slab) generally results in the 
removal of all existing trees and provides little open space to 
accommodate canopy re-growth after development, regardless of 
the density allowed by the R-Code. Alternative designs could be 
considered that are more conducive to the retention and healthy 
growth of trees by accommodating tree roots. 

Non-Residential Use Lot Count Lot Area (ha) Existing Canopy (ha) Projected Canopy (ha) Canopy Increase %
Commercial 111 25.9 0.7 0.7 0

District Centre 30 31.7 0.7 0.7 0

General Industry 1374 1088.9 16.9 16.9 0

Light Industry 266 77.4 1.1 1.1 0

Local Centre 28 8.8 0.2 0.2 0

Mixed Use 19 3.0 0.0 0.0 0

Private Community Purposes 31 42.1 4.0 4.0 0

Rural 2 5.4 1.3 1.3 0

Service Commercial 78 36.1 0.7 0.7 0

Canning City Centre ACP N/A 93.3 4.0 9.3 132.5

Total 1939 1412.6 29.6 34.9 17.9

Table 2. Existing and projected (to 2039) canopy of non-residential freehold land in the City of Canning.
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Residential Use Total Area (ha) Existing Canopy 
(ha)

Existing Canopy 
(%)

Projected Canopy 
(ha)

Projected Canopy 
(%)

% Canopy 
Change

R2.5 41.3 5.0 12.1 5.0 12.2 0.8%

R5 9.7 0.6 6.5 0.6 6.6 1.5%

R10 2.5 0.1 4.5 0.1 4.5 0.0%

R15 46.5 5.1 10.9 2.5 5.4 -50.5%

R20 1065.6 65.9 6.2 59.7 5.6 -9.7%

R25 181.0 11.7 6.4 6.9 3.8 -40.6%

R30 335.1 18.2 5.4 11.3 3.4 -37.0%

R40 326.3 19.8 6.1 10.4 3.2 -47.5%

R60 91.6 5.1 5.6 2.7 2.9 -48.2%

R80 34.8 2.2 6.4 1.4 3.9 -39.1%

R100 8.6 0.5 5.6 0.3 3.7 -33.9%

Queens Park LSP 93.3 4.5 4.9 3.0 3.2 -34.7%

Portcullis LSP 5.0 0.0 0.7 0.0 0.0 -100.0%

Bentley LSP 17.6 1.3 7.2 1.8 10.0 38.9%

Total 2258.8 140.0 6.2 105.7 4.7 -24.2%

Table 3. Current and projected canopy targets for Residential Freehold land within the City of Canning.

Figure 23. Area of underdeveloped and developed residential lots in each of the residential R-codes, according to Local Planning Scheme 42. (Analysis is based on 2015 
developed and underdeveloped lot statistics, and does not include Local Structure Plan Areas.)
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The loss of canopy cover in freehold land is not distributed evenly throughout the suburbs. The major losses are expected in those 
suburbs that currently have above-average canopy cover (Figure 25) as these are commonly the areas of greatest development potential 
(Figure 26). The largest individual losses are expected in East Cannington and St James at 23.2% and 30.2% of their current canopy area 
respectively due to the high proportion of lots with development potential. The suburb of Cannington is projected to increase in canopy 
cover, largely as a result of the increasing canopy cover projected for the Canning City Centre ACP and Queens Park LSP areas. Canning 
Vale and Welshpool are primarily composed of industrial area and therefore are not projected to lose canopy to residential development. 
Parkwood, Leeming, Willetton and Ferndale are all expected to lose less than 4% of their current canopy due to their relatively low 
numbers of underdeveloped freehold blocks (Figure 26).

Figure 24. Aerial images showing typical examples of canopy cover before and after development in different R-Codes.

Aerial images showing 
typical examples of 
canopy cover before 
and after development 
in different R-Codes.
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Figure 25. The projected gain and loss of canopy cover within the City of Canning due to development of freehold land by 2039 and its effect on average canopy cover 
within each suburb and the city as a whole.

Urban Forest Strategy | Section Two  |  53



Figure 26. The location of underdeveloped Freehold blocks − where loss of canopy is projected to occur − according to Land Use Planning Scheme No. 42. 
Underdeveloped lots within the Structure Plan zones as defined in Town Planning Scheme No. 40 are excluded. (Map is based on 2015 developed and underdeveloped 
lot statistics and does not include LSPs.)
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Figure 27. Targeted change in canopy cover (ha) of the City of Canning between 2015 and 2039.

In order to achieve its urban forest vision and offset the projected loss in freehold canopy cover, the City of Canning has set a target 
to increase the canopy cover in POS from 17.6% to 40% over 20 years. In addition, the City has a target to increase the average canopy 
cover on streetscapes from 6.1% to 12.9% by 2039. This will be achieved through ensuring at least one tree is planted in every road 
verge as currently (2015) only 27.5% of verges within the City have a verge tree. In total the City target is a 22.3% increase in tree 
canopy cover across the City through the establishment of an additional 61,215 trees in POS and streetscapes. This translates to a 
173.2ha increase in canopy cover; more than accounting for the projected decrease in freehold canopy (Figure 27). 

11 TARGETS
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11.1 Public Open Space
Increasing the POS canopy cover to an average of 40% translates 
to an increase in canopy of 165.8ha through the establishment 
of approximately 35,500 additional trees. Large areas of POS are 
managed as sports grounds, and therefore must be kept as grassed 
areas (eg, ovals) or hard surfaces (eg, ball courts) and cannot be 
replaced by canopy. The City’s Public Open Space Strategy (2015) 
estimates that 92.25% of the council’s population has access to POS 
within walking distance of their home, and there is little requirement 
to develop additional POS to accommodate future population growth. 
Opportunities to increase canopy areas exist in the perimeters of 
sporting grounds to provide shade for spectators, in passive recreation 
areas, in smaller community parks and playground areas, and through 
the renewal of degraded natural areas. By increasing canopy cover to 
40% in these pre-existing areas, the City will ensure that the majority 
of residents will be in close proximity to shaded recreational areas. 
This aligns with the City of Canning Play Provision Strategy (2020). 
Opportunity also exists in the renovation of and planting in storm 
water drainage basins; however, the majority of these are managed 
by the Water Corporation and therefore excluded from POS under this 
strategy. 

The current canopy cover of the POS in the City is graphically displayed 
in Figure 29. Large expanses of POS requiring high and very high 
canopy cover increases are found in Canning Vale (Wilfred Park) and 
Wilson (Centenary Park). A Portion of Centenary Park is classified 
as an active recreation reserve, although, the North East portion of 
Centenary Park and South West portion is capped landfill which can be 
a challenge to establish trees on. However, clear opportunities exist to 
establish trees along the boundaries and river frontage. Identification 
of the activities undertaken in the reserve may allow better delineation 
of the boundaries of the playing surfaces in order to maintain the 
recreational function of this park while increasing tree density. Active 
recreation reserves such as Centenary Park will inevitably present 
more challenges in achieving the 40% canopy target than passive 

and conservation reserves due to the requirement for turfed playing 
surfaces. Passive reserves are likely to be easier to modify to reach 
the 40% target while at the same time improving the amenity for 
passive recreation. Albion Park in East Cannington is an example of 
a passive reserve with 10% canopy cover, which contrasts strongly 
next to Collins Park in Willetton with 46% canopy cover (Figure 28). 
Ultimately, the ability for parks to attain the 40% canopy cover target 
will need to be assessed on an individual park basis. The current 
functions of each POS and its users will need to be considered in any 
changes to the planting structure. Planting must be done in a way that 
is compatible with existing functions and acceptable to park users. 
Ongoing community engagement will be critical to identify the key 
stakeholders for each POS and ensure both that they are consulted 
and that any concerns are adequately addressed in the process. 

The planting of native tree species in POS is desirable as they 
require minimal irrigation, especially compared to grass. Savings in 
water use through conversion of turfed areas in POS to trees could 
save 265ML of water per year (see Section 16.2). Additionally, this 
will support the City’s commitment to reducing water and resource 
consumption to mitigate climate change (City of Canning Public Open 
Space Strategy, 2015). Planting more large trees will also provide 
natural shade, reducing the costs associated with expensive hard 
shade infrastructure, aligning with the City of Canning Play Provision 
Strategy’s (2020) objective of giving preference to trees over shade 
sails. A limitation of increased tree planting might be the susceptibility 
of many trees to Phytophthora dieback, a serious threat to urban tree 
health and biodiversity. Dieback infestation can also sometimes limit 
the accessibility of the public to areas of POS due to concerns of 
spread. Some natural areas such as heathlands and wetlands are not 
suitable for increasing the canopy over three metres as this would be 
inconsistent with the ecology of these areas. In general, conservation 
areas don’t have canopy targets as their vegetation structures are 
based largely on the original pre-European vegetation structures and 
any canopy resulting from revegetation would be a consequence of the 
revegetation process.

Figure 28. Examples of high- and low- canopy parks: Collins Park in Willetton with 46% canopy cover and Albion Park in East Cannington with 10% canopy cover.

56  |  Urban Forest Strategy | Section Two



Figure 29. Public open space within the City of Canning showing current canopy cover. Very Low = 0↑10%; Low = 10↑20%; moderate = 20↑30%; High = 30↑40%;  
Very High = >40%.
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11.2 Streetscapes 
The City has set a target of planting an additional 25,659 trees 
in streetscapes. This would increase the City’s canopy cover in 
streetscapes from 6.1% to 12.9% over 20 years, based on the average 
canopy area for the City’s street trees ↑ representing a canopy increase 
of 111%. This target is based on the capacity of verges for additional 
tree planting (assuming all treeless verges can contain an established 
tree). There are 35,401 (as of 2015) verges in the City’s streetscapes, 
the majority of which currently have no trees (25,659 verges). The 
remaining 9,742 verges contain at least one tree (on average, 1.6 trees 
per verge), indicating the capacity of most verges to support at least a 
single tree (Figure 30). Many roads have very low canopy cover (0↑2%) 
and therefore significant opportunities exist to increase canopy cover 
(Figure 31).

The areas with the lowest levels of streetscape canopy cover include 
Canning Vale, Parkwood, Willetton, Queens Park and East Cannington 
(Figure 31). By contrast, relatively higher canopy cover is found in 
Rossmoyne, St James and Welshpool. The aim is to achieve at least 
one verge tree per Freehold lot, however, the space available for 
verge tree establishment is often reduced in areas of high residential 
density. The associated increase in additional crossovers for new 
developments can directly impact upon streetscape canopy cover 
through the removal of existing trees; this presents challenges to the 
City in establishing canopy in streetscapes within high density areas.

Another limitation to establishing streetscape canopy is the presence 
of overhead powerlines limiting the canopy area that could be 
achieved in many streets, resulting in a reduced canopy area due 
to pruning requirements as well as an increase in ongoing costs to 
maintain powerline clearances. Suburbs with underground power 
have the capacity to support larger tree species with lower long-
term maintenance costs; therefore, these areas should be targeted 
for priority planting. Canning Vale, for example, has a low current 
streetscape canopy area, but the presence of underground power 
throughout the suburb greatly increases the potential to increase its 
canopy area.  

In industrial areas, such as Welshpool, lot frontages are commonly 
100m and verges can support far more than one tree. These areas 
would see a limited canopy increase when applying a ‘tree for every 
verge’ approach. A separate approach is required for industrial estates, 
one which specifically addresses the unique features–such as longer 
and wider verges that can accommodate more trees–and requirements 
of these precincts.

The projected change in canopy cover in each suburb is presented in 
Figure 25. In summary, the combined effect of the proposed targets 
and projected freehold canopy losses will result in a net increase in 
canopy cover in all suburbs. The exception to this is the suburb of St 
James, which has a combination of high development density and low 
area of POS, making it a particular challenge. 

Low areas of POS and relatively high current streetscape tree density mean that there is relatively little capacity to increase canopy cover within 
public land in this suburb. Welshpool will remain the lowest canopy cover, with only a modest increase forecast due to the absence of residential 
streetscapes and small area of POS. Parkwood is set to have the greatest net increase in canopy cover from 7.5% to 15%.

Figure 30. Streets in City of Canning with and without verge trees A) St James and B) Queens Park.  
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Figure 31. Roads within the City of Canning showing current (2015) canopy cover. Very Low = 0↑2%; Low = 2↑4%; moderate = 4↑6%; High = 6↑8%; Very High = >8%. 
(2015). Note that this analysis is based on trees =>3m; as such, some streetscapes will already have juvenile trees not identified within this analysis.
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11.3 Summary
The City of Canning currently has an average canopy cover of 7.6%, 
one of the lowest in the Perth metropolitan region (Jacobs et al. 2014). 
Modelling suggests that this canopy figure is likely to decrease further 
as a result of urban in-fill development, which is required to house the 
projected population increase through to 2039. However, much of the 
necessary in-fill development within the City has already occurred. 
Over 76% of the freehold area is regarded as fully developed according 
to the new Local Planning Scheme No. 42 (excluding structure planning 
zones). Much of the remaining underdeveloped lots are projected to 
experience a net canopy loss as the lots are developed. Modelling 
indicates 62.9ha are likely to be lost from residential land, which 
will be partially offset by gains of 28.6ha and 5.3ha from residential 
and other freehold development, respectively (Table 4). High canopy 
losses are expected in some of the high-density suburbs, such as East 
Cannington and St James, as well as some of the leafier suburbs, like 
Wilson, Rossmoyne and Riverton. 

The City of Canning has set ambitious yet realistic and calculated 
goals for an increase of 22.3% in canopy cover by 2039 (7.7% to 
9.3% in total canopy cover City wide). Given the limitations around 
increasing or even conserving canopy cover in freehold land largely 
due to expected infill development, the majority of the increase in 
urban forest canopy cover must occur in POS and streetscapes. There 
are considerably fewer buildings and non-vegetated areas (17.1%) 
in POS than other land use areas, such as streetscapes and freehold 
land. Nearly half of the City’s POS area is grass; therefore, a significant 
modification of the structure and function of POS is required to achieve 
the City’s target of increasing canopy cover in POS from 17.6% to 
40%. With the exception of turfed areas used for active recreation 
and sports, and conservation areas, there is potential to convert large 
areas of POS to canopy while retaining or improving their function for 
passive recreation. 

Currently, residential land is the largest contributor to the City’s existing canopy cover, making up 2.2% of the total 7.7% (Table 5). If the targets 
outlined here are achieved this figure will drop to 1.6% of the City’s 9.3% total projected canopy cover (Table 5). Both POS and streetscapes will 
make larger contributions to the City’s canopy cover than residential freehold land, representing a major shift in the way urban canopy cover is 
managed within the City.

Land Use Existing Canopy (ha) Canopy Loss (ha) Canopy Gain (ha) Projected Canopy (ha)

Residential (Freehold) 140.0 62.9 28.7 105.7

Non-Residential (Freehold) 38.4 0.0 5.3 43.8

Public Open Space 121.4 0.0 45.4 166.4

Streetscapes 81.2 0.0 94.2 175.5

Residual (public land not managed by CoC) 112.7 0.0 0.0 112.7

Total 493.7 62.9 173.6 604.1

Summary Existing % of City Projected % of City

Residential (Freehold) 2.2% 1.6%

Non-Residential (Freehold) 0.6% 0.7%

Public Open Space 1.9% 2.6%

Streetscapes 1.3% 2.7%

Residual (public land not managed by CoC) 1.7% 1.7%

Total 7.7% 9.3%

Table 4. Projected canopy cover of each land-use category in the City of Canning.

Table 5. Existing and projected canopy cover of each land-use category as a percentage of the total area of the City of Canning.
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In summary, the City has outlined a target to establish an additional 61,215 trees over the next 10 years to offset the projected decline in canopy 
area within residential areas and increase the City’s canopy area within POS and streetscapes. This will result in a 22.3% increase in the total 
canopy cover within the City over a 20-year period (10-20yrs post planting), or 110.3ha of additional canopy cover (Table 6). 

Summary Canopy % Cover

Existing Canopy 493.7ha 7.7

Canopy Increase 110.4ha 1.7

Projected Canopy 604.1ha 9.3

% Canopy Increase 22.3%

Table 6. Summary of the existing canopy, projected canopy, and increase in area and percent cover of total area of the City of Canning.area of the City of Canning.

Figure 32. The projected gain and loss of canopy cover within the City of Canning due to development of freehold land and the targeted canopy increases in POS and 
streetscapes by 2039, and its effect on average canopy cover within each suburb and the city as a whole.
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As one of the areas in the Perth metropolitan area with the lowest 
amount of canopy cover (Jacobs et al. 2014), the City of Canning 
sought to engage community through a community survey as a 
preliminary step in developing the Urban Forest Strategy. The City 
acknowledges the limitation of this community survey and the 
preliminary nature of the findings given the very small proportion of 
the population surveyed. The City has a markedly larger proportion 
of the community that was born overseas when compared to the WA 
average, with 55% of the population born overseas and 44% of the 
community speaking a language other than English at home. Further,  
1.3% of the City identified as Noongar, Aboriginal and/or Torres Strait 
Islander peoples (City of Canning 2018). Therefore, consideration of 
the City’s cultural diversity and language are very important when 
developing methods for effective community engagement. 

The top five countries of birth of overseas-born people in the City, 
according to the 2011 census, were (in ascending order) Malaysia, 
India, China, Singapore and Indonesia, collectively comprising more 
than 20% of the City’s population. In the Malay world plants and 
humans are intimately linked, with communities commonly using 
plants for diet, construction, medicine, ritual, dyes and cosmetics 
(Adnan & Othman 2012). Trees hold enormous cultural and historical 
significance across many Asian countries, with some species within 
the genus Ficus regarded as sacred, whilst other species with white, 
fragrant flowers are (such as the frangipani) associated with death 
and funerals. The location of trees is also very important in some 
Asian cultures; for example, according to Feng Shui or Chinese 
Geomancy a big tree located opposite the main door of a house or 
building blocks opportunities, whilst trees planted on both sides of a 
house maintain harmony. The close links between Indigenous people 
and the environment has been discussed in Section 1. This highlights 
the necessity to engage a broad cross-section of the community 
when developing or implementing an Urban Forest Strategy.  

The Urban Forest Strategy will serve both to educate the community 
about the importance of the urban forest as well as to gauge 
community opinion and knowledge around the issue. It also presents 
a great opportunity to engage the community in the implementation 
of the strategy and possibly develop areas of the urban forest 
that may hold special cultural significance to various groups. The 
preliminary community engagement process undertaken had three 
main components: 
• local school and community events
• ‘pop-up forest’
• community survey.

In November 2018, engagement events were held at three local 
primary schools: Bentley Primary, Burrendah Primary and Shelley 
Primary. The purpose of these events was to communicate to 
the students the importance of trees and the role they play in an 
urban environment. Additionally, flyers were provided to students 
to encourage their parents to complete a community survey. A 
similar community engagement event was held at the Muddy Hands 
Festival in the Kent Street Weir Park (November 2018), a family event 
promoting spending time outdoors and in nature.

An online community survey was posted on ‘Your Say Canning’ 
between 28 October and 26 November, 2018. The purpose of the 
survey was to gauge the opinion of the community on trees and the 
state of the City’s current urban forest. There were a total of 248 
responses to the survey ↑ less than 0.3% of the City’s population. As 
part of the survey, a ‘pop-up forest’ was installed in Stockland Riverton 
Shopping Centre and manned by staff that engaged shoppers and 
encouraged them to complete 70 paper copies of the survey. 

The key findings of the survey are summarised in Figure 33 and 
Figure 34, and in more detail in Appendix B. 

The results of the Community Engagement ‘Have Your Say’ survey 
suggest this small sample of the community overwhelmingly 
supports an increase in the number of trees. Participants are of the 
opinion that the canopy cover in the City is low, and they want to 
see it increased. They recognise trees are important for provision of 
habitat for wildlife, shade and oxygen, and aesthetics to landscapes. 
Few respondents were aware of the benefits trees provide to human 
health and to the climate. Respondents had a preference for native 
and evergreen species rather than exotic deciduous varieties.

There was a positive response in relation to where respondents 
believed trees should be established, with a range of locations 
considered desirable for increased canopy. In particular, 
respondents consistently highlighted public areas such as parks, 
streetscapes and verges as key areas where canopy should be 
increased. More extensive surveying of the community should be 
undertaken to determine if this trend holds; if so, it could act as 
support for the City to implement strategies and policies that protect 
and encourage the planting of trees in public areas. Of all the 
categories, private properties were considered the least desirable 
location to increase the number of trees planted. 

This indicates that while surveyed residents want to see an increase 
in canopy cover, there is a reluctance to see that increase on their 
own properties. The results of the survey highlight lack of room as 
the number one reason why residents have not planted a tree in 
the previous 12 months, indicating that limited space may be why 
some residents are opposed to canopy increase on private land. 
Additionally, there appears to be limited understanding within the 
surveyed section of the community of the role that appropriate 
species selection, proper planting and management play in ensuring 
that trees can be safe, functional and valued assets within their 
property. 

While the results revealed that respondents value the perceived 
benefits of trees, they had a limited nuanced understanding of the 
variety of roles, actions, values and opportunities trees can offer in 
greening the City. In particular, the role of trees in improving human 
health and wellbeing was expressed by only a small proportion of 
respondents. This should be emphasised and investigated further in 
future community engagement associated with implementation of 
this strategy. 

12 COMMUNITY ENGAGEMENT
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Figure 33. Graphical summary of main findings and responses from the City of Canning ‘Have Your Say’ survey
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Figure 33. Graphical summary of the main findings from the City of Canning ‘Have Your Say’ survey.
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It is critical for any proposed tree-planting programs to be partnered 
with a comprehensive, ongoing, integrated and diverse community 
education and engagement program to ensure the most effective, 
lasting and positive results from all tree-planting and retention 
initiatives. The preliminary survey undertaken here captured just a 
small sample of the City’s total population and potentially not a true 
representation of the population. There is a risk when developing 
a program where larger workshops are rolled out that they will be 
attended by people within the community who already value trees. 
This commonly occurs, yet a successful program will capture a 
broad cross-section of the community to enable tree planting that is 
equitable for all sectors.

Rather than simply running a series of workshops or events, surveys, 
or social media campaigns, the City should develop an Urban Forest 
Community Engagement Strategy (UFCES) to engage the local 
community in the review and implementation of the Urban Forest 
Strategy. The UFCES should identify relevant stakeholder groups 
and outline the methods the City will use to engage each of them. 
Additional engagement may include the Djarlgaroo Beelier Aboriginal 
Services Network formed by the City in response to the gap in the 

Perth south-east metropolitan corridor (City of Canning 2018) and 
the South West Land and Sea Council, who are the Native Title service 
providers to the Noongar people. It is very important for the long-
term success of the City’s Urban Forest Strategy that a diverse and 
representative group of people, and anyone who has an interest, is 
provided the opportunity to participate. 

The UFCES will identify stakeholders and plan methods for 
engagement. This will be dependent on the individual characteristics 
of particular sectors of the community, their relationship with the City, 
and the time and resources available for the process to be completed, 
ensuring sufficient time is allowed. It is very important that the City 
understands the difference between informing people about what the 
council is proposing in the Urban Forest Strategy and empowering 
the community to play an integral role in refinement of the goals, 
objectives and actions to be undertaken during implementation of the 
Urban Forest Strategy. There is an opportunity during development 
of the UFCES to run a series of pilot programs to a range of groups 
considered to be an accurate representative of the cross-section of 
the community, and compare the effectiveness of each program in 
educating, engaging and empowering the community. 
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By growing its urban forest, the City of Canning has the opportunity 
to transition from a council with one of the lowest rates of canopy 
cover in the Perth Metropolitan Area to one which is far better 
equipped to handle the adverse effects that come as a result of a 
changing climate. This can be achieved by following these principles: 

• increase the liveability of the City
• work in partnership with Indigenous people, residents, 

commercial retail proprietors and industry in the City to grow an 
urban forest that supports the people, the environment and our 
biodiversity; all of which contribute to the sense of place

• promote community physical and mental health and wellbeing
• mitigate the impacts of climate change and decrease the urban 

heat island effect
• maintain or improve air, water and soil quality
• provide a visible sense of place for the City, one that is widely 

recognised and highly appreciated.

Using these principles as a basis, the Urban Forest Strategy 
establishes measurable goals that work towards the vision of a 
thriving urban forest for the City. Implementation of the strategy will 
see clear quantitative increases in both the area and condition of 
the City’s urban forest for the next two decades. These achievements 
will be measured and shared with the community through the 
framework for a five-year monitoring, evaluation and reporting 
program. 

 

13 PRINCIPLES AND GOALS
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14.1 Costs
An estimate of costs for the procurement, planting and 
establishment of the targeted number of trees that will be planted 
in this strategy is outlined in Table 7. The planting costs include 
staking and mulching. The establishment cost includes formative 
pruning and watering for up to two years post-planting. Predicted 
watering costs were estimated using the City of Canning 2018 
actual watering costs. 

The proposed tree-planting targets are calculated to achieve the 
total canopy cover targets based on the average crown size of 
existing trees within the City. Therefore, in order to meet these 
targets within the 20-year time frame, the planting targets need 
to be achieved as soon as possible. Cost forecasts adopted in 
this strategy have used a 10-year timeframe for tree planting. As 
such, the total cost of implementation will be almost $45 million 
over a 10-year period (Table 7), taking into account the estimated 
maximum failure rate of 25% of trees post establishment. The 
estimated cost for maintenance per tree in 2018 was $26.98 
and with the increased planting target of 61,215 trees across 
the City these costs must be considered as trees mature post 
establishment and require pruning. Most tree-maintenance costs 
come from street trees as they require more maintenance than 
trees growing in POS. The maintenance cost of a street tree is 
approximately $64 based on the existing 22,000 street trees.

The projected costs are based on canopy cover analysis conducted 
in 2015. Since then the City has increased its investment in urban 
forest planting, with a current planting program of 1,400 trees 
per annum, approximately 1,000 trees above the rate required to 
replace deaths and removals. A portion of the funding required has 
therefore already been invested. Progress towards these targets 
and the associated costs should be reviewed after the canopy 
cover monitoring scheduled for 2020. 

The City estimates, in a worst-case scenario, that it loses up 
to 25% of all trees planted during the first year of the tree 
establishment phase. The causes of this loss in descending order 
are lack of water, poor watering technique, poor quality stock, and 
vandalism. If tree losses were reduced from 25% to 10% the City 
would significantly reduce the estimated costs of implementing its 
Urban Forest Strategy. Lack of water can be overcome in several 
ways, the simplest of which is to increase the amount of water 
applied during watering. There is a limit to the water available 

for the City to use for watering newly planted trees through to 
establishment; however, water savings are likely to be realised 
as areas of turf will be reduced through replacement by trees. 
Implementation of water-wise technologies, such as stormwater 
control measures to capture stormwater runoff and direct it to 
planted trees, is likely to decrease rates of tree death from a 
lack of water at establishment phase. Tree mortality rates could 
also be reduced by improving watering technique. This could 
involve monitoring soil moisture and only watering when required 
(eg, when moisture levels decrease below a certain threshold), 
reassessing water requirements upon establishment, and tailoring 
the frequency of ongoing watering to tree water requirements. 
These are discussed in greater detail in section 16.2. The risk of 
sourcing poor quality stock from nurseries can be overcome by 
adopting the services of a suitably qualified arborist or forest 
pathologist to assess stock for quality before procurement. Tree 
vandalism can be reduced in several ways, such as planting more 
mature trees or adopting the use of tree guards. This is discussed 
in greater detail in section 16. 

It is worth noting that the 25% tree failure rate after establishment 
is simply an estimate based on available data, and the City has not 
formally collated the number of previous tree failures (except for 
recent failures); however, long-term tree survival data is needed 
to accurately represent survival rates as, from year to year, 
factors influencing survivorship will vary. The City should further 
develop reporting mechanisms in accounting for tree survivorship 
and the reasons pertaining to failure in order to better manage 
the urban forest. This could be achieved by exploring the use of 
several existing software packages tailored for the monitoring and 
management of urban trees. 

The City has set high targets for increasing its canopy cover area: 
a 22.3% increase over 20 years. Taking into account the current 
average canopy area of trees in the City, the City has calculated 
that approximately 61,215 trees need be planted. One option is to 
plant the trees in the first 10 years of implementation of the City 
of Canning Urban Forest Strategy to allow the trees time to reach 
an effective canopy area and meet the canopy target by 2039. 
However, this presents several challenges.

14 COSTS AND FUNDING
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Tree Costs Number of trees to plant Annual Cost Annual Cost

Year Per tree* 1st year 
establishment

2nd  year 
establishment Subtotal # Trees Replants 

(25%)
75% 

survival
Replants 

(10%)
@90% 

survival

2020 $222.04 $204 $136 $562.04 6121 $3,440,246 $3,440,246 

2021 $224.04 $205.84 $137.22 $567.10 6121 1530 $4,339,011 612 $3,818,329 

2022 $226.05 $207.69 $138.46 $572.20 6121 1530 $4,378,062 612 $3,852,694 

2023 $228.09 $209.56 $139.71 $577.35 6121 1530 $4,417,464 612 $3,887,369 

2024 $230.14 $211.44 $140.96 $582.55 6121 1530 $4,457,222 612 $3,922,355 

2025 $232.21 $213.35 $142.23 $587.79 6122 1530 $4,497,924 612 $3,958,244 

2026 $234.30 $215.27 $143.51 $593.08 6122 1531 $4,538,554 612 $3,993,928 

2027 $236.41 $217.20 $144.80 $598.42 6122 1531 $4,579,401 612 $4,029,873 

2028 $238.54 $219.16 $146.11 $603.80 6122 1531 $4,620,616 612 $4,066,142 

2029 $240.69 $221.13 $147.42 $609.24 6122 1531 $4,662,201 612 $4,102,737 

2030 $242.85 $223.12 $148.75 $614.72 1531 $940,832 612 $376,332 

Total 61,215 15,304 $44,871,539 6,122 $39,448,254 

* Based on the price of a tree in a 45 L pot (The City’s current schedule of fees and charges).

Table 7. Estimated costs for the procurement, planting and establishment of the targeted number of trees planted in this strategy using an annual inflation of 0.9% pa.

Age class distribution of trees among urban forests is important to 
consider as a mix of young and mature trees is essential if canopy 
is to remain relatively constant over time (Clark, Matheny, Cross, 
& Wake 1997). There is reasonable concern that if all the trees 
are planted over just a 10-year period it could result in a mass 
loss of canopy as these trees age and senesce at the same time. 
This can be partially mitigated by planting a range of appropriate 
tree species, as different varieties and species mature at different 
ages and have varying lifespans. Environmental factors such as 
soil type, soil volume, microclimate and rates of watering will also 
impact rates of maturity. An ongoing planting program will help 
to ensure a more sustainable tree population. The City currently 
plants 1,400 trees a year, of which approximately 1,000 are newly 
established trees that are not one-for-one replacements. An 
updated audit of existing trees and a running inventory of future 
plantings will help to monitor the age of the tree population (Clark 
et al. 1997). The City has previously conducted Park and Street 
Tree Audits, and has budgeted to review them in 2018/2019 on a 
3-5 year rolling program.

The additional establishment of approximately 61,215 trees will 
require a significant increase in current tree planting and maintenance 
operations (currently 1,400 trees annually; new target will require 
approximately an extra 4,800 trees to be planted annually). 

The City’s Local Biodiversity Strategy has set a target of 
revegetating at least 250ha of degraded or cleared land throughout 
the City, which incorporates not only conservation areas but 
also areas within defined ecological linkages and corridors, 
which include POS and streetscapes. It is difficult to measure 
the increase in canopy levels to be achieved through this target 
as biodiversity values are not measured in terms of 3m canopy; 

nevertheless, the canopy that will be realised as a consequence 
of the revegetation of 250ha is expected to be a significant 
contribution to the overall canopy. The Local Biodiversity Strategy 
has eight million dollars budgeted towards its implementation over 
20 years and the proportion of this cost that will be used for tree 
planting will effectively be absorbed into the costs estimated to 
achieve the canopy targets by planting the estimated 61,215 trees.

If planting occurs in the first half of the implementation phase 
of the strategy (within 10 years), then the City will need to find 
the significant resources required for its implementation. This will 
require a funding model that will seek to create an ‘Urban Forest 
Fund’ that the City will need to model to be effective in, firstly, 
resourcing the planting and establishment of required trees and, 
secondly, proportioning equitable costs to the stakeholders. As a 
secondary option, the City may consider it more beneficial to evenly 
distribute the allocated budget over the entire period of the strategy 
↑ ie, planting over 20 years instead of 10 years ↑ even though this 
will hinder achievement of the canopy cover targets by 2039. 

14.2 Funding
A unique opportunity exists for the City of Canning to be innovative 
in its thinking and strategies around developing funding pathways 
to attract additional funding other than municipal. The City will 
seek innovative ideas to help solve the funding barrier and make it 
equitable for all stakeholders whilst endeavouring to be leaders in 
urban forest funding.

14.2.1 Urban Forest Fund
The City of Melbourne initiated an Urban Forest Fund in 2017 to 
help accelerate greening across the City by providing financial 
support to new greening projects that otherwise would not be 
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funded. Examples include creation of green spaces, tree planting, 
vertical greening or green roofs. The City of Melbourne Urban 
Forest Fund currently has $1.2 million in seed funding and aims to 
grow this by seeking further contributions from organisations and 
individuals who want to create a greener city. The City of Canning 
has different challenges to the City of Melbourne and therefore 
must be innovative in finding solutions that are specific to the 
City, but also in attracting funds to develop solutions that help 
to realise the desired canopy targets. The City can be a leader in 
urban forest funding and pave the way for other councils within WA 
and beyond. Several ideas are presented below.

• Enterprise and Green Financing
This could be through incentive programs conducted by the City 
such as encouraging home and business owners to plant more 
plants on their verges and more trees and shrubs on private 
properties through plant subsidy and give a way schemes. Another 
option would be to seek contribution of funds similar to Public 
Private Partnership (PPP) arrangements such as private sector 
funding the planting and maintaining of public trees or contributing 
to public green infrastructure works on land owned by or vested in 
the City to gain carbon credits or to demonstrate corporate social 
sustainability status, or a combination of both green finance to 
green credits. Public Private Partnerships would allow the City and 
the private sector to partner and share resources on key projects 
within the City to increase canopy cover.

Singapore is an example of a city that has successfully adopted 
the PPP model, using it to help become water self-sufficient 
through desalination and develop new technologies that are 
globally accepted. The City could engage the private sector in all 
aspects of the growing and planting of the trees, with investors 
having the opportunity to buy or sell portions of the future benefits 
these trees provide, including but not limited to the carbon they 
sequester. The City has an opportunity to set up its own carbon 
monitoring model with reporting that could be subscribed to by 
companies. Green financing is becoming increasingly attractive 
to investment banks given that the Organisation for Economic 
Cooperation and Development estimated an additional US$600 
billion infrastructure investment per year from 2016-2030 was 
required to meet the Paris Agreement climate goals (OECD 2017). 

• Philanthropy and Corporate Social Responsibility (CSR)
There are important differences between philanthropy/bequests 
and corporate social responsibility (CSR), although both have the 
potential to be effective and are relied upon as important sources 
of funding in the charity and not-for-profit sectors. Philanthropists 
are often willing to contribute at arm’s length whilst seeking to 
determine the impact their funds are having on the beneficiary. 
Businesses of all sizes that engage in CSR seek to be involved 
beyond simply giving money, and this is important not only for 
the business but also for the City, because if they can leverage 
their commitment successfully to generate higher exposure 
and business, then they are much more likely to intensify their 
engagement and persist for the long-term. 

The City has a great opportunity to attract philanthropic funds for 
implementation of the Urban Forest Strategy as there are many 

benefits to the local and broader community through increased 
canopy cover, as described in detail in Section 1.  The City could 
also engage the private sector through a CSR program, alone or in 
partnership with the not-for-profit sector, to actively contribute to 
the funding, growing, planting and care of trees. Caring for trees 
through follow-up maintenance is essential for the planted trees to 
achieve the desired canopy targets, so it is preferable that this be 
built in as part of the funding cycle. This opportunity also contributes 
to the offsetting of carbon and mitigation of global climate 
change as well as the local impacts from a changing climate (ie, 
increased urban heat). If the City has a product to sell with robust 
measurement and reporting (ie, carbon offsets) then CSR companies 
nationally and globally are more likely to invest, as undertaking 
these activities in a highly visible location connected to people on a 
daily basis is a point of difference to most carbon-offset projects. 

The City could benefit greatly from exploring the potential 
altruism of citizens and actively seek donors (as do non-profit 
organisations) for building a more socially and environmentally 
sustainable City through developing the City’s urban forest.  An 
American study (Irvin & Carr 2005) shows that philanthropy to 
local governments is often unexpected, sporadic and initiated 
by the donor. Testing a number of hypotheses regarding private 
giving to local governments, the study indicated that philanthropy 
will most likely remain a minor source of revenue, however, 
local governments incorporating schemes that provide a suitable 
environment for philanthropy appear to succeed in attracting more 
gifts per capita. 

• Asset Investment
The finance model for asset accounting should be reviewed to include 
soft infrastructure (green infrastructure; biodiversity; urban forests) 
as essential infrastructure assets of the City. This would result in 
a greater understanding and appreciation of the monetary value of 
green assets such as trees and associated urban forest along with the 
ecosystem benefits that they provide. Formally recording the value of 
the financial costs and benefits of green infrastructure will lead to an 
increase in green infrastructure being developed and preserved.  

Greater acknowledgement of the values that an urban forest can 
add to traditional methods and functionality of civil works and 
other developments can lead to either hybrid approaches being 
developed or completely replaced by green infrastructure alone.

Early adoption will face challenges from traditional engineering 
and accounting methods. However, as technology and construction 
innovation advances, so too should the funding allocation 
criteria. There is an opportunity for the City to attract and engage 
companies for capital works projects that are considered leaders 
in their industries in environmental, social and governance (ESG) 
performance and for these companies to market this to their 
investors/shareholders. Investment funds and millennials are 
demanding greater access to sustainable investment, and issues 
such as energy efficiency and water scarcity are gaining wider 
investor interest even without the sustainability label. Increase in 
canopy cover through the conversion of turfed areas to trees will 
reduce water usage in the city, and increased shade will contribute 
to reduced energy use for the cooling of buildings. 
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• Visibility
Attracting businesses, both local and beyond, to invest in the City’s 
urban forest by exploring synergies (mutual benefits) between the 
City and business has the potential to significantly advance the City’s 
urban forest with realised cost savings to the City. Investment from 
the private sector in WA initiatives that have a positive impact on 
the environment through the offsetting of carbon, conservation of 
water or reduction in energy use are often not highly visible as they 
generally involve investment in carbon offset plantings in the wheat 
belt or solar and wind farms through the south-west. The City has an 
opportunity to attract private sector commitment to initiatives that 
can achieve their required outcomes whilst being highly visible and 
providing direct positive impacts to the local community. This may 
be very attractive to local businesses as they can have a personal 
connection to their commitment, and also to global businesses as 
the direct and positive impact their investment has on many people’s 
lives can be quantified.

• Federal and State Government Schemes
There are numerous state and federal government funding 
opportunities available for projects that can enhance the canopy 
cover of the City of Canning. These are outlined briefly below and 
in further detail in Appendix D.

State Government initiatives such as the Swan Alcoa Landcare 
Program (SALP) aim to protect and manage natural assets while 
taking into account a broad ecological context, and enhancing and 
restoring habitat and ecological linkages within the Swan Region. 
Although, the program is largely in support of community groups 
and incorporates both State Government and private industry 
funding, the City supports a number of local community groups 
involved with landcare work within the City.

Lotterywest and Healthway are very much focused on community 
support and support practical tools or address research gaps, 
particularly for smart innovative solutions that promote healthy 
lives. Federal government initiatives such as the Australian Research 
Council (ARC) Linkage Program provide an opportunity for the City 
to partner with research institutes, business, industry, community 
organisations and other publicly funded agencies. This co-funding 
model can help to fast-track many of the actions and tasks listed 
in Section 17 with a focus on trees and the built environment. 
Research that is more focused on community health and wellbeing 
and their connection to the urban forest would be more suited to 
funding under the federal government’s National Health and Medical 
Research Council (NHMRC). 

Indirectly, the City can also partner other third party entities such as 
non-government organisations like Greening Australia, who apply for 
and administer Lotterywest grant funding for landcare projects on 
local government vested lands, as such the City can position itself to 
leverage the Urban Forest and associated strategies to attract such 
greening initiatives.  The City historically has sought and utilised 
government grant funding for green infrastructure. 

• Summary
The areas covered in the Urban Forest Fund are preliminary 
ideas and will require further research into their viability and the 
implications for aspects such as governance and tax deductibility. 
However, exploring a broad range of possibilities to fund the 
growing of the urban forest is essential to ensure the Urban Forest 
Strategy is equitably and fully funded in its implementation and 
maximising the Strategy’s outcomes. 
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The different methods used for measurement, monitoring and 
evaluation of canopy and other land cover types are provided 
in Appendix E. The critical component of management program 
design is the setting of goals or targets. This requires a baseline 
assessment to identify current-state canopy coverage so decisions 
can be made on future-state target coverage. This can only be 
achieved through accurate data drawn from a comprehensive and 
diligent mapping, measuring, and monitoring regime. As urban 
forest strategies deal with natural processes within a built context, 
inaccuracies in the initial data stages can result in long-term 
capital mis-investments and policy mis-alignments. Effective 
implementation of this strategy will be required to achieve 
the targets (ie, planting of trees, protection of existing trees). 
Monitoring the canopy cover in response to the management 
interventions is essential for evaluating the effectiveness of the 
urban forest management program and reporting on its outcomes. 

The decision by the City to measure its urban forest canopy cover 
using airborne remote sensing techniques rather than a random 
point sampling method, such as i-Tree canopy, is a prudent one. 
These two methods can vary in their measures by up to 4.5% 
across a local government area, with remote sensing providing 
greater accuracy (Parmehr et al. 2016). Repeat quantitative 
measures of canopy cover enable the development of statistical 
control charts as a means of identifying environmental decision-
points for management action. 

Accurate datasets that measure canopy change over time will 
inform the strategic direction of how the City can implement 
biodiversity, urban forestry practices, water sensitive urban design 
and green infrastructure across Council functions, including civil 
engineering, water management, community liaison,  funding, and 
economic modelling of assets over time. 

Irrespective of the conservatism or ambitiousness of City canopy 
targets, a risk management approach is recommended when 
evaluating opportunities and measuring the success factors 
around achieving proposed targets. All targets should be set 
in consideration of a pre-determined, benchmarked variation 
(minimum standard). By creating a range within the target, the City 
and this strategy accounts for contingencies and flexibility within 
the reality of highly variable environments and parameters. In 
simple terms, design in flexibility to set projects up for success.

Local governments are increasingly looking at better methods 
to measure their baseline canopy cover, set targets, and 
undertake temporal and spatial modelling of patterns within 
their boundaries (ie, Land Use Categories, suburbs etc.). Remote 
sensing technologies have been identified as a powerful tool that 
can be used for collecting data that guides Greening and Urban 
Forest Plans (ArborCarbon, 2015).  Councils have recognised that 
the same remote sensing technologies can be used not only to 
measure canopy, but also to measure precise changes in tree 
condition for early detection of impacts from abiotic and biotic 
factors (ArborCarbon 2015, 2018), or to help build the resilience of 
their communities to climate change (ArborCarbon 2016). As the 
technology improves, additional applications are being discovered, 
such as modelling the extent and impact of shade from trees 
(ArborCarbon 2017), species classification, and the relationship 
between trees and the built environment. 

15 FROM MEASUREMENT TO IMPLEMENTATION
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16.1 Achieving Canopy Targets: Risks and Opportunities
Several risks have been identified that may impact the City’s ability 
to achieve its canopy targets. These are:

1. Environmental: the ongoing effects of global climate change 
and its impacts at regional and microclimatic levels, from 
water management to urban heat islands, and abiotic and biotic 
health disorders.

2. Socio-Economic: the densification of urban development 
and lot-level ownership that preferences built spaces over 
landscaped spaces as a primary driver of social status and 
economic investment.

3. Urban: the densification and reduced permeability of urban 
areas that continue to permanently reduce the environmental 
ecology.

4. Governance: insufficient and fragmented policies, guidelines, 
and stewardship around the recommendations toward canopy 
target achievement.

5. Technological: insufficient technological advancement 
toward landscape and environmental sustainability, improved 
materials, innovations in construction and development, use of 
technology in monitoring and maintenance of the urban forest, 
green infrastructure, and landscape assets.

With every risk comes an opportunity to enable positive change. 
These factors will fluctuate with time and should be considered 
at the planning stages of implementation to build flexibility in to 
the implementation strategies to maximise success. Initiatives and 
projects must be developed in a holistic manner – at minimum the 
following:
1. cross-referencing of strategies to the City’s development 

policies and guidelines to embed its objectives across public 
and private sectors

2. quantitatively articulate the asset value of trees, green 
infrastructure, and biodiversity to reinforce costs that are 
comparable to traditional infrastructure expenditures.

16.1.1 Abiotic and Biotic Risks
The abiotic (physical) and biotic (biological) effects of climate 
change are increasing and will continue to increase in the 
future; therefore, it is important to consider these effects while 
implementing the long-term vision of the City’s Urban Forest 
Strategy. In 2015, CSIRO and the Bureau of Meteorology reviewed 
the projected effects of climate change on selected cities in 
Australia (Webb & Hennessy 2015). The report states that in 2015 
Perth averaged 28 days over 35°C and 4 days over 40°C. However, 
this is anticipated to increase to 36 and 6.7 days in 2030, and 43 
and 9.7 days in 2090 (Table 8). Extreme heat events will become 
more frequent. Perth is predicted to experience an increase in 
average temperature and decrease in rainfall (Table 9).

16 DISCUSSION

Threshold Current (2015) 2030 2090

Over 35°C 28 36 43

Over 40°C 4 6.7 9.7

Variable Season 2030 2090

Temperature (°C) Annual +0.8 1.7

Rainfall (%)

Annual -6 -12

Summer -8 -4

Autumn -4 -4

Winter -7 -14

Spring -11 -19

Evapotranspiration (%) Annual +2.5 +5.4

Table 8. Predicted number of days over 35°C and 40°C in 2030 and 2090. The predictions are based on an intermediate level of emissions (Webb & Hennessy 2015).

Table 9. Predicted changes in relevant climatic conditions of Perth in 2030 and 2090. The 2030 and 2090 predicitions are based on an intermediate level of emissions 
(Webb & Hennessy 2015). 
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The south-west of WA is considered to have a Mediterranean climate 
and is recognised as highly sensitive to climate-driven ecosystem 
shifts (Klausmeyer & Shaw 2009). Heatwaves or extreme heat events 
can severely impact vegetation and cause widespread decline and 
death of trees. During heatwaves trees become stressed; when 
drought occurs in combination with heat stress, the effects of the 
heatwave are exacerbated and can be severe enough to lead to 
tree mortality (Teskey et al. 2015). For example, the south-west of 
WA experienced an extremely dry and hot summer in 2010, as well 
as multiple long heatwaves in the summer of 2010-2011, resulting 
in rapid dieback of trees in the Northern Jarrah Forest (Matusick, 
Ruthrof, Brouwers, Dell & Hardy 2013). 

A study in North America assessed a number of different trees for 
their tolerance of drought and heat stress, finding certain species 
could tolerate more heat and drought than others (Teskey et al., 
2015). Susceptibility to heat and water stress should be considered 
when selecting tree species to plant given the warming and drying 
predictions. A study similar to that conducted by Teskey et al. (2015) 
could be conducted, assessing the drought and stress tolerance of 
suitable species that could be planted in the City. The study would 
benefit many LGAs in Perth; therefore, an opportunity exists for LGAs 
to collaborate and fund such a project together. It is also important 
to note that immature trees are more susceptible to stress events, 
and immediate weather conditions should be considered when 
planting trees. Remote sensing change detection imagery analysed 
by ArborCarbon showed obvious death of large numbers of young 
Eucalyptus rudis (Flooded gum) within Wembley Golf Complex during 
the summer of 2010-2011 (ArborCarbon unpub.). This species 
thrives in low-lying areas when young but is sensitive to a drying 
soil profile; hence, the cause of death was attributed to a decline 
in rainfall during the period of establishment. Ordonez and Duinker 
(2014) provide a general framework to develop incisive vulnerability 
assessments of urban forests to the effects of climate change. The 
framework characterises climate exposure, impact, sensitivity and 
adaptive capacity, as well as non-climatic drivers and factors, in 
urban forests. The most important themes include urban tree species 
selection and diversity, naturalisation, resource access, social 
awareness and engagement, budget and economic valuation, liability 
issues, and governance structures. Frameworks such as this will 
provide the City’s urban forest managers with a tool to address the 
most important themes behind climate change and urban forests. 

As well as being affected by urban heat, trees and tree canopy 
can help to mitigate it by making urban spaces cooler and more 
pleasant places to live during heat waves. As mapping of the urban 
hot spots within the City presented in Section 1 demonstrated, there 
can be more than a 10°C difference between suburbs within the City, 
with the cooler suburbs located adjacent to the Canning River and 
warmer suburbs in the north of the City. The hottest areas are East 
Cannington, Queens Park, Bentley and Cannington. These suburbs 
also correspond to some of the higher-density residential areas 
within the City. Mitigation of the UHIE through the planting of trees 
is key principle to achieve the vision of this strategy. These factors 
should be considered when prioritising planting sites. 

On a smaller scale, some of the most prominent local hotspots 
observed in the thermal imagery correspond to non-vegetated 

or non-irrigated POS. Notable examples include Willeri Park 
(Parkwood) and Wilfred Park (Canning Vale). Vegetation within non-
irrigated POS tends to die back over the summer months, leaving 
exposed soil that absorbs heat. These areas should be given 
priority for tree planting to reduce the local UHIE and improve the 
amenity value of these spaces. 

Climate change will also result in more extreme weather events, 
such as the hail storm that occurred in Perth in March 2010. 
While this storm caused over 1 billion dollars’ worth of damage 
to property (Insurance Council of Australia 2012) it also caused 
significant damage to trees, the effects of which are still being 
observed nearly 10 years later. The hail resulted in wounds on 
trees that then provided entry points for pests and diseases, 
triggering the onset of decline in health and, for many trees, 
eventual death. This highlights the importance of understanding 
the potential plant pathogens and pests that are active in the Perth 
region, and their interaction with abiotic factors and potential 
hosts to guide selection of tree varieties for future planting. For 
example, Phytophthora dieback is a common disease that affects 
many trees and other plants, both native and non-native. It is 
common throughout the urban forest of Perth (Barber, et al. 2013) 
and can cause significant loss of canopy in affected trees, and 
even tree death. Gaining a better understanding of the distribution 
of pathogens throughout the City and the susceptibility of tree 
species growing in the urban forest is highly likely to improve the 
resilience and survival of existing trees and future plantings. 

Myrtle rust is not yet established in Western Australia; however, it 
is present in the eastern states and is causing damage and death 
to a wide variety of trees and shrubs in the Myrtaceae family. 
Plant biosecurity experts consider it inevitable that myrtle rust 
will reach Western Australia. As of April 2016, approximately 350 
native species were determined to be susceptible to Myrtle rust, 
including many commonly planted streetscape varieties in the 
City, such as bottlebrush (Callistemon spp.), red flowering gum 
(Corymbia ficifolia), marri (Corymbia calophylla) and Wonnil or 
peppermint (Agonis flexuosa) (Department of the Environment and 
Energy 2019). A review of the most recent City of Canning street 
tree audit found that eight tree genera or cultivars made up 46% 
of all street trees (City of Canning Street Tree Strategy 2018). Of 
those eight genera, five are considered susceptible to Myrtle rust, 
including Callistemon spp., Eucalyptus spp., Corymbia spp., Agonis 
flexuosa, and Melaleuca spp. The large number of Bottlebrush 
and Peppermint trees planted in streetscapes is related to their 
suitability to powerline trimming. Unfortunately, both of these 
varieties are very susceptible to Myrtle rust. These species are 
often multi-planted on verges and streets to create uniform 
roadside plantings. Disease transmission is intensified in such 
single-species plantings such as these and the impacts of Myrtle 
rust on them could be devastating.

A range of pathogens and pests exists within the City and several 
of these already have major impacts on tree survival and growth. 
Marri canker caused by the fungus Quambalaria coyrecup causes 
severe cankers on branches and trunks of the marri tree Corymbia 
calophylla (Paap 2006) and red flowering gum Corymbia ficifolia 
(Yulia 2011). 
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These cankers can cause decline in crown condition, death of limbs, 
and eventual total tree death if severe. The impact of cankers 
on the structural integrity of limbs increases risk of limb failure, 
particularly when trees exist in urban environments. Wounding of 
trees increases the likelihood of infections leading to cankers (Yulia 
et al. 2014); therefore, careful consideration must be given to the 
location of planting and management of these Corymbia species. 
A range of insect pests can cause severe annual defoliation of the 
flooded gum, Eucalyptus rudis, which is a dominant tree throughout 
the City, particularly along the Canning River and its tributaries. 
The pest causing the most impact is the lerp or psyllid, Glycaspis 
brimblecombei. Damage to eucalypts has been shown to vary in 
intensity according to rainfall (Tuller et al. 2017) with variations 
also observed due to difference in host genotype. The sugary lerp 
covering and psyllid nymph is favoured by a range of bird species, 
including pardalote (Woinarski et al. 1989), and as such the 
establishment of habitat conducive to the shelter and breeding of 
such bird species will encourage natural predation of these insect 
pests. Finally, more than 40 species of Phytophthora are known to 
be associated with declining urban trees within Perth (Barber et 
al. 2013; Khdiar 2018), and this genus includes some of the most 
important pathogens of trees throughout the world.

16.1.2 Socio-Economic Impacts
At a macro level, the effects of human evolution and in particular 
the Industrial Revolution are resulting in a devastating impact on 
our ecology across all scales of life. Within the City, the combination 
of urban and suburban expansion, continued reliance on private 
vehicular transport, and low levels of social awareness and respect 
for ecology should not be underestimated. Individual socio-economic 
drivers will greatly differ amongst community groups, some of which 
may not align with the aspirations of the City. There is an opportunity 
for the City to investigate car dependency and work with state and 
other local government agencies to reduce it where possible.

Initial studies are starting to emerge around the relationship 
between increased urban heat islands and low socio-economic 
neighbourhoods, showing that the UHIE is usually of greater 
intensity in newer affordable housing neighbourhoods or those 
in socio-economic decline. Most of the studies have similar 
commentary around a lack of canopy cover resulting from:

• a lack of public funds due to low prioritisation and a perception 
that green assets will not be respected and thus vandalised

• a lack of private funds to maintain privately owned trees
• the perception of an association between trees and crime (ie, 

reduced sight lines)
• the removal of trees to improve sunlight
• a lack of City control over planning and loss of canopy cover 

in more affordable housing areas due to the effects of state 
government Residential Design Codes (R-Codes). 

The discussion around funding and respect for green assets is 
an unfortunate self-perpetuating cycle that can only be broken 
through strong local governance and stewardship around 
neighbourhood equality, supported by strong community outreach 
and education. Clarity around council-owned and maintained 
land should benefit these neighbourhoods; however, as shown 
in the analysis undertaken in this strategy, recent changes in 

zonal density has seen an increase in in-fill development with 
subsequent stark decreases in canopy cover on land not under the 
control of the City, and this is projected to continue. 

16.1.3 Tree Vandalism
Tree vandalism – intentional or otherwise ↑ has also been identified 
as a risk to tree establishment and survival in the City. Social factors 
can range from boredom and ignorance to malice and premeditated 
intent. Economic vandalism is the premediated intent to damage 
trees and green infrastructure assets for the sole benefit ↑ be that 
personal enjoyment or eventual economic return ↑ of the individual. 
For example, this could be the removal of native ecology in order to 
preference exotic stock, or the intent to kill existing stock on public 
land or adjoining private property to maximise views.

Tree vandalism can cause poor tree growth and high mortality 
rates (Hamzah et al. 2018). If the vandalism results in tree death or 
malformation to the point that the tree has to be removed, the years 
of care and associated maintenance costs are wasted (Richardson 
& Shackleton 2014). Smaller trees and younger specimens are the 
most at risk to vandalism; therefore, one option is to plant more 
advanced specimens and larger species with thicker stems and out-
of-reach branches in higher-risk areas (Sullivan, Kuo, & Depooter 
2004). The initial cost of procuring and planting larger trees is 
greater than smaller trees, and comparisons in maintenance costs 
are difficult as they depend on many factors, including: ease of 
access; site conditions; quality of planting and whole preparation; 
species; and specimen quality. Additionally, protective structures can 
be used around newly planted trees (Black 1978). However, Richardson 
and Shackleton (2014) found that tree guards were not effective in 
their study, but differently designed structures could have been more 
effective. It is therefore important to consider the design and structure 
of the tree guard. The planting of larger numbers of smaller trees (i.e. 
tube-stock) in low risk POS areas may be a better use of funds and 
lead to a greater increase in canopy cover and long-term survival of 
trees where their root systems have developed in situ for the first few 
years of their life rather than in containers. 

16.1.4 Tree Structure
Formative pruning is a recommended form of tree management 
and helps to mitigate the risks of poor structural form as trees 
mature. Formative pruning involves shaping a tree while it is 
young and will allow the growth of a well-structured tree that is 
suitably shaped for an urban landscape. Formative pruning can 
reduce physiological stress on the tree, increase the tree’s life 
span, and reduce the risk to property and people (Gilman 2012). 
Formative pruning can correct problems in a young tree that could 
lead to failure of the mature tree if not corrected. An example is 
co-dominant trunks, which are significantly weaker than a single 
dominant trunk. It’s also easier, cheaper and less time-consuming 
to prune a tree while young than when a mature tree has formed 
a poor structure. Formative pruning should be initiated while 
trees are in the nursery, and should follow Australian Standards: 
Tree stock for landscape use (EV-018 Arboriculture 2018). The 
City should consider adopting an Urban Forest Technical Manual 
(Newcastle City Council 2018), which would outline best practice 
for tree management throughout the City. 
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16.1.5 Policy and Planning
One of the biggest limitations for the City in reaching canopy cover 
targets is the removal of trees on freehold land due to urban infill 
and redevelopment. Infill is important as it prevents urban sprawl, 
and local governments have infill quotas to meet, but it has to 
be well planned and consider potential impacts on canopy cover 
and community wellbeing. In 2017 the Western Australian Local 
Government Association (WALGA) and 202020 Vision conducted a 
survey of local governments to address their issues with urban 
canopy cover. Local governments in WA have highlighted issues 
around decreasing canopy cover on private land and are seeking 
tools, information and changes to policy/legislation to help protect 
trees and increase canopy cover. The survey identified canopy 
over freehold land as the biggest concern and area where most 
assistance is required. The survey highlighted the key challenges 
facing tree retention and planting on private land for local 
governments as:
• inconsistent state government policies, specifically 

the residential design codes (R-Codes) and Liveable 
Neighbourhoods Policy

• not enough space for verge plantings on new verges (with 
smaller lots) under the Liveable Neighbourhoods Policy

• inadequate legislative protection for existing trees (especially 
during the development/planning approval process)

• changes in state government clearing regulations, leading to a 
marked increase in small-scale tree clearing, which has a large 
cumulative effect

• low level of understanding (community, staff, and councillors) 
regarding the benefits of an urban forest.

To address these concerns, WALGA is working with the Department 
of Planning, Lands and Heritage to develop an Urban Tree Canopy 
Framework that will support local governments in making 
decisions regarding best-practice management of the urban forest. 
This framework will address a wide range of land types but will 
focus on private land, as this was determined by the survey to be 
of the highest importance. 

Meanwhile, a number of mechanisms still exist that can be utilised by 
local governments to support the retention of trees on private land. 

 16.1.6  City of Canning LP.09 Tree Retention and  
Planting - Development

The use of tree protection, retention, and preservation policies and 
guidelines is a common mechanism to combat and balance the loss of 
trees across all stages of urban development. However, with increased 
pressures from infill and the densification of urban, suburban and 
peri-urban areas comes increased focus on the robustness and 
enforcement capabilities of such policies and guidelines.

The City of Canning LP.09 Tree Retention and Planting ↑ 
Development Policy will benefit and contribute toward the 
achievement of the canopy targets as it clearly articulates trees as 
valued assets through the following:
• Trees are living organisms: recognition of environmental and 

habitat values through protection of surrounding landscape 
areas above and below ground.

• Trees require protection over time: classification of differing 
growth stages.

• Trees need space: trees have different spatial requirements that 
impact its environmental and habitat values over time.

This policy has only recently been adopted and therefore should 
be monitored for success, and opportunities identified at each 
monitoring event where it may be modified or improved. For 
example, could planting densities be increased from one tree 
per 450m2 to one per 300m2? It is also important that adequate 
resources are provided to staff to follow up on Development 
Application compliance monitoring. Staff must be encouraged to 
always be at the cutting-edge with their landscaping guidelines 
as technology is rapidly changing the way green infrastructure 
is integrated with the surrounding hard infrastructure. It is also 
essential that developers abide by landscaping guidelines. 

 16.1.7 Significant Tree Register
Globally, varying forms of tree registers exist to promote the value 
of trees and to provide a regulatory framework to protect trees 
of designated significance. In managing such registers key issues 
include determining what happens when the registered tree starts 
to age and decline, or over time loses its designated significance. 
This must be balanced with the risk of trees being politicised 
and ‘force-registered’ as a mechanism to save a tree without 
quantifiable significance. Any register will need to be supported 
by a comprehensive, fully funded monitoring and maintenance 
program, and a parallel education and awareness program that 
manages community expectations relative to local governance and 
the asset life cycle of a living organism.

The Cities of Melbourne and Mandurah have adopted Significant 
Tree Registers as an effective means to preserve canopy cover 
on private land. The City of Canning has drafted a preliminary 
Significant Tree Register to achieve a similar goal. Currently, 
trees can be nominated for protection under the City’s Municipal 
Heritage Inventory. The City initiated Scheme Amendment 232 to 
insert a new clause into the City of Canning Town Planning Scheme 
No. 40, as there are currently not adequate provisions to allow the 
adoption of a Significant Tree Register. This was gazetted on 15 
January 2019 and will result in the implementation of a Significant 
Tree Register, which will help support the achievement of the 
canopy cover goals set by this strategy. 

A measure that could either be combined with a Significant 
Tree Register or adopted singularly would be Tree Management 
Incentives. These involve providing owners of property with 
significant trees (perhaps those successful in nomination for a 
register) with financial incentives for the work required to maintain 
such trees. The City of Vincent has adopted a program where funds 
are available to tree owners for a range of maintenance measures, 
as well as for obtaining advice from a qualified arborist. In the 
example of the City of Vincent, funds are provided on a dollar-for-
dollar basis, with up to $2,000 being available for each tree over 
a five-year period, with more potentially accessible at the City’s 
discretion. Payments are made by reimbursement when proof of 
tree maintenance work is presented. 
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16.2 Implications for Water Management
16.2.1 Tree Water Requirements
Annual rainfall records across the south-west of WA have shown 
a significant decline since 1970, with rainfall records from the 
Midland station since 1886 indicating a 15% decline in average 
annual rainfall between 1976 and 2018 (BoM station 9025). These 
effects are likely the result of human-induced climate change. 
Future climate projections by the CSIRO predict with a very high 
degree of confidence that: average temperatures will continue 
to increase in all seasons; there will be increased frequency of 
hot days and heat spells; winter and spring rainfall will reduce; 
and evapotranspiration will increase (Webb & Hennessy 2015). 
Therefore, it is likely that future water available to the City for 
irrigation purposes will decline at the same time as plant water 
demand increases. 

Currently, tree mortality rates after planting are estimated at 25% 
(worst case scenario), and the City identifies water as the number 
one limitation to successful establishment. Therefore, it is clear 
that water management is important to the success of achieving 
the canopy cover target set in this Urban Forest Strategy. The 
City is a Water Wise Council (accredited platinum status www.
canning.wa.gov.au/My-City/Sustainability/Water) and takes water 
management seriously. The City is hydrozoning park areas and 
increasing water use efficiency through its central irrigation 
controller system (Aquamonix).

The annual bore water allocation for the City of Canning is 
2,637,600kL per year. Between 2016 and 2018 the average annual 
extraction from all licenses was 76.8% of the allocated total. 
This includes water used to irrigate trees planted in streetscapes 
and POS, which in 2018 equalled 9767kL. The City plans to plant 
an additional 61,215 trees. To meet the canopy targets within a 
20-year timeframe, a large majority of the additional trees should 
be planted within the next 10 years. Total water application above 
current tree requirements to establish these trees for one year 
in POS and two years in streetscapes is 20,648kL. Taking this 
information into consideration, it was calculated that the additional 
water required to water the planted trees is 1.15% more than the 
current annual usage over a period of 11 years. This will increase 
the annual extraction from 76.8 to 77.9% of the licensed allocation. 

However, there may still be an opportunity to save water as 
well as decrease mortality rates by re-evaluating tree watering 
and establishment practices. Current tree watering during 
establishment was recorded by the City and compared with 
estimated tree water use from local evapotranspiration data, using 
a crop coefficient to account for difference between plant species. 
The calculation is outlined below (Ayers and Westcot 1994): 

WU = (ETo*Kc – R) * A

WU = (2000*1 -733) *1

WU = 1267L per tree

Where:
ETo = Point potential evapotranspiration for the Perth metropolitan 
area (mm)

R = Average rainfall (mm)

Kc = Crop coefficient (generous estimate)

A = Crown area (generous estimate) (m2)

WU = Annual tree water use (L)

The volume of water used to water establishing streetscape trees 
in 2018 was 6,400L per year. Considering the calculation above, 
this may be significantly above the tree water requirement. 

The soil type across most of the City is Bassendean sands and 
has a readily available water-holding capacity of 40mm per metre 
of soil depth (mm/m). Assuming each tree is planted in a pit of 
1m2 (City of Canning Street Tree Strategy 2018) the planting pit is 
estimated to hold 40L of water per metre depth. Considering this, 
irrigation of 60L of water may leach down 1.5m below the soil 
surface and possibly beyond the root zone of newly planted and 
establishing trees. 

At the establishment stage, tree roots are unlikely to extend 1.5m 
deep; it is therefore possible that some water is not being absorbed 
by the tree and is wasted. The City is already exploring options to 
reduce water consumption and should continue to do so. To prevent 
unnecessary water application, the City could reduce the application 
rate for the first six months of establishment and increase the 
frequency of watering. The City could also increase the water-
holding capacity of the soil at tree establishment by adding organic 
matter such as composted soil conditioners or clay to the soil pit 
upon planting. Several studies indicate biochar is also very effective 
at increasing the water-holding capacity of sandy/sand↑loam soils 
(Abel et al. 2013; Basso et al. 2013; Karhu et al. 2011). 

Conversion of turfed areas in POS is also likely to realise significant 
water savings in the longer term. Most trees within the City are only 
provided with supplementary water during their first two years of 
establishment. Assuming all canopy gains in POS are a result of 
trees replacing the irrigated turf in passive reserves, the 165.7ha 
increase in canopy area could save a significant 265ML per year, 
equivalent to 10% of the City’s current groundwater allocation. This 
figure is an estimate and is dependent on landscape requirements 
and community engagement outcomes. 

Using real-time sensors for soil water content monitoring and re-
evaluating watering needs for establishing trees is one method for 
consideration and aligns well with the City’s aim to be a smart city. 
There are also several innovative water-wise technologies that 
could be adopted by the City to reduce their groundwater usage. 
For example, stormwater control measures (SCMs) are utilised by 
a number of cities around the world to reduce the environmental 
damage caused by impervious runoff. This runoff can be captured 
and utilised to water establishing trees. Shifting towards a smart 
urban forest using innovative technologies is likely to result in 
reduced water per tree and increased survival rates.  
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16.2.2 Stormwater Management
Current approaches to stormwater management require significant 
investment in hard infrastructure and often result in poor 
environmental outcomes, with transportation of urban pollutants 
directly into the environment and local waterways, such as the 
Canning River System (Swan River Trust 2009). Increasing urban 
infill development generally increases the area of impervious 
surfaces, resulting in increased runoff volumes during rain 
events, increased pressure on existing stormwater infrastructure, 
and elevated risk of flooding during extreme rainfall. There is 
increasing recognition of the contribution of ‘green infrastructure 
assets’ to urban stormwater management. This is broadly 
encompassed under the concept of ‘water-sensitive urban design’. 

Although the greatest potential for stormwater retention is within 
the soil, trees themselves contribute to stormwater management 
in several ways: holding water within their crown, slowing or 
preventing inflow of water into the stormwater system, directing 
water to their base and therefore into the soil, and removing 
groundwater through transpiration. Numerous factors can 
influence the amount of stormwater retained in a tree canopy, 
including tree species, size, crown health and rainfall intensity. 
Measurements of stormwater capture vary from 6-9% for citrus 
in heavy rain in Florida (Li et al. 1997), to over 80% in conifers 
during summer rain in Vancouver (Asadian 2010). Estimates 
from eucalypts in Melbourne range from 29% to 44% of rainfall 
retained in the crown during a 14 mm rainfall event (Livesley, 
Baudinette, & Glover 2014). Properly designed stormwater control 
measures can also be used to capture water that will runoff into 
tree plantings. A study by Grey et al. (2018) found that substantial 
increases in the successful establishment and growth of trees can 
be achieved by directing stormwater into tree pits. They found that 
stormwater control measures could increase the crown growth 
rate by as much as 50% above standard practices. These studies 

suggest site-specific factors – such as climate, rainfall intensity, 
trees species and size class – may be critical for quantifying the 
potential benefits that can be achieved within the City. 

The greatest benefits to both controlling stormwater runoff and 
reducing groundwater requirements for irrigation are likely to be 
realised from combining tree planting with stormwater control 
measures that promote local water retention and infiltration, where 
stormwater is directed into the soil rather than the stormwater 
systems. Scharenbroch et al. (2016) found that transpiration from 
trees planted in car park bio-retention systems could account 
for 46-75% of the total water output from these areas. However, 
limited modelling is available to determine the benefits on the 
whole-of-city scale. Early work by Sanders (1986) found that 22% 
tree cover in Dayton, Ohio lowered stormwater runoff potential 
by 7% but could be increased to 12% with a moderate increase in 
canopy cover. More recent work by Wang et al. (2008) showed that 
the benefits provided by urban forests to the water cycle decrease 
as rainfall intensity increases. They suggested that increasing 
canopy cover from 12% to 40% could decrease stormwater runoff 
by only 2.6% in Baltimore, Maryland.

There is strong evidence to suggest that the use of stormwater 
management systems in combination with tree planting will benefit 
general water management. Quantifying these will enable the City 
to understand the benefits of diverting a portion of rainfall from 
the drainage system to trees in terms of increasing canopy. Local 
governments could partner with research groups and consultants 
to commission a study to quantify the real benefits of establishing 
61,215 trees over the next 10 years and the potential economic 
savings in relation to conventional stormwater management 
systems. Further work is required to investigate how and where 
to plant trees to maximise these benefits given the complex 
relationship between trees, soil type, soil volumes, rainfall, runoff 
and surrounding hard infrastructure. 
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 16.2.3 Other Components of the Urban Forest
While the City’s draft Urban Forest Strategy has a strong focus on 
canopy, particularly on measuring, protecting and increasing the 
City’s tree canopy, the strategy recognises that the urban forest, 
incorporating all other vegetation and the soil and water that 
supports it, is strategically managed through multiple strategies and 
policies that have actions, targets and objectives for vegetation. The 
focus on tree canopy in this document is in response to the critical 
inadequacy of this resource, the threats to what remains and the 
consequences of not addressing the lack of canopy.

Figures 15, 17 and 20 record the proportions of other vegetation 
cover (grass and canopy below 3m in height), for the various land-
cover classes. It is important to understand that lower vegetation 
and grass often extend beneath tree canopies, even though the 
data used in the document records only the tallest vegetation 
covering any given area.  

Natural forests are typically multi-layered, with mid-level 
and lower vegetation growing beneath the upper canopy. In 
urban areas the management of vegetation for specific human 
requirements, such as safe sightlines for vehicles and for 
deterring crime, means that the use of mid-height vegetation in 
urban areas is constrained. Maintenance requirements also result 
in modified landscapes, such as spacing to allow for machinery 
access, and aesthetic conventions encourage single-species mass 
planting for large-scale visual harmony.  

Targets have not been set in this document for the other 
vegetation types apart from trees, but are set out in the strategies 
incorporated within the Urban Forest Framework. For example, the 

Local Biodiversity Strategy addresses natural area vegetation types 
and communities within the City, including those areas which are 
targeted to be revegetated. The Street Tree Strategy is deliberately 
restricted to addressing the management of trees only within the 
streetscape. The Public Open Space (POS) Strategy focuses on the 
functional aspects of Public Open Space provision, accessibility 
and use.  While the POS Strategy makes reference to canopy 
cover, biodiversity, urban heat islands and water management, 
and proposes that the City consider the development of a Green 
Infrastructure Plan, it does not provide detailed guidance with 
regard to the urban forest and vegetation management. The Urban 
Forest Strategy is intended to be an overarching document / 
framework that incorporate multiple strategies and policies that 
influence aspects of the urban forest. Gaps will exist within this 
framework, and will need to be identified and addressed through 
the implementation of the framework.

To properly address and identify gaps in the Urban Forest 
Framework, it is recommended that:
• guidance documents are developed for the design and 

management of public open space, specifically addressing the 
improvement and sustainability of the urban forest (including 
lower-strata vegetation), as a supplementary document to the 
Public Open Space Strategy

• guidance documents be developed for the design and 
management of street gardens, specifically referencing lower-
strata vegetation as a component of the urban forest within 
streetscapes, for both internal and community use.
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Achieving the City of Canning’s vision of a welcoming and thriving city requires the creation of a resilient urban forest that will enhance 
environmental, social, cultural, health, economic and intergenerational benefits to the whole community. The four goals of the City of 
Canning Urban Forest Strategy are to:
1. provide urban forest leadership and coordination
2. align, strengthen and integrate complementary policies and plans
3. improve urban forest cover and capacity through smart management
4. engage with stakeholders in urban forest management.

A series of goals and actions are described to enable stakeholders to successfully implement the Urban Forest Strategy through an 
Implementation Action Plan (Table 10).

These actions have allocated a priority from ongoing to five years and have been formulated to enable the City to achieve the key 
objectives of the strategy:
• increase the City’s urban forest canopy cover by 22.3% by 2039
• improve urban forest management, coordination, capacity and capability across stakeholders
• maximise resource efficiency through stakeholder partnerships
• optimise urban forest management efforts across the City of Canning using a risk-based approach (Table 11).

17 ACTION PLAN

Table 10. Goals, actions and objectives.

Goals Objectives Outcomes

Goal 1
Provide urban forest leadership 
and coordination

1.1. Develop sustainable funding 
mechanisms and partnerships for urban 
forest management that are equitable for 
all stakeholders

• Partnerships that build capacity and 
capability

• Equitable and sustainable funding 
arrangements for urban forest activities

Goal 2
Align, strengthen and integrate 
complementary
policies and plans

2.1 Map the UFS, define departmental 
ownership, and develop relationship 
diagrams and delivery models

2.2 Cross-reference actions within 
associated strategies, plans and guidelines

2.3 Enhance policies to align with the 
Urban Forest Strategy

• Improved understanding of 
responsibilities and model for delivery

• Improved alignment of all related 
strategies, guidelines and projects

• Optimisation of policies and alignment 
with the UFS 

• Improved capacity to deliver positive 
landscape and urban forest outcomes

• Strengthened opportunities and reduced 
risk of tree loss through capital works 
programmes

Goal 3
Improve urban forest cover 
and capacity through smart 
management

3.1 Assemble an Urban Forest Strategy 
project team to oversee the delivery of the 
strategy objectives

3.2 Implement a combination of remote 
sensing and in-situ technologies and 
methods for improved and smart Urban 
Forest Management

3.3 Initiate programs to support current 
and future trial species and techniques for 
improved resilience

3.4 Increase further survival and growth of 
trees at risk from abiotic and biotic factors

3.5 Build capacity through partnerships 
with researchers, consultants and other 
stakeholders

• Improved urban forest measurement, 
monitoring and management

• Improved survival, growth and resilience 
of trees

• Increased capacity to sustainably 
manage the urban forest 

• Improved understanding of the costs 
and benefits of researched initiatives
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Goal 4
Engage with stakeholders in 
urban forest management

4.1 Develop an outreach and mentor 
program with educational institutions and 
other stakeholders with a focus on field 
activities.

4.2 Develop a community engagement 
plan to broaden the range of stakeholders 
supporting urban forest management

4.3 Appoint an Urban Ecology Community 
Officer to support the Outreach Program 
and Communication Plan 

4.4 Engage with, support and assist 
environmental community groups and land 
care groups associated with the City’s 
urban forestry.

4.5 Develop the Urban Forest branding 
and marketing plan that incorporates 
memorable imagery that links all 
associated works from policy to planting 
and that engenders action.

• Improved awareness in the community 
of the importance of trees and the Urban 
Forest

• Partnerships that build capacity and 
capability

• Improved internal capacity to engage 
with community and initiate programs

• Memorable imagery that links all 
associated works from policy to planting
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ACTION PLAN

Goal Alignment Action Priority (yrs)

Goal 1

Provide Urban Forest
leadership and
coordination

1.1 Develop an ‘Urban Forest Fund’ mechanism that will 
provide pathways for funding the cost of implementing the 
Urban Forest Strategy tree planting component. 

1-5

1.2 Develop an approach to support commercial land holders 
such as subsidies for tree plantings, tree management, 
provisions of expertise to improve success of tree 
establishment.

3

1.3 Develop a business case for an increase in Municipal 
funding as an equitable component of the mechanism to 
fund the strategy implementation.

1

1.4 Investigate methods of carbon sequestration monitoring 
with a view to the City adopting a suitable method to 
quantify and report on the City’s carbon within its urban 
forest.

5

1.5 Identify existing road areas that are surplus to 
requirements and where feasible convert road areas into 
verge or median space to accommodate trees and urban 
forest in general.

10

1.6 Undertake a needs and feasibility assessment for the City 
to establish a nursery to supply plant stock to meet the 
City’s planting requirements. Undertake recommendation 
of the assessment.

2

1.7 Adopt a method for and undertake the monetary value 
assessment of trees and incorporate trees within the City’s 
Asset Management System, whilst, adopt a method for 
reporting on the financial benefits of each City tree within 
the streetscapes and POS.

1-5

Goal 2

Align, strengthen and integrate 
complementary policies and plans

2.1 Cross reference associated strategies, policies, plans and 
guidelines (inclusive of areas of responsibility) to develop 
an informative and holistic outlook on the City of Canning’s 
delivery of the Urban Forest Strategy objectives and the 
objectives of associated strategies through capital works 
projects, operations and planning processes.

5

2.2 Aligning with the Street Tree Strategy, incorporate in policy 
‘a tree for every verge’ for residential areas.

1-3

2.3 Develop a plan or policy that incorporates an overall target 
for the significant increase in canopy and associated 
urban forest within industrial area Public Open Spaces and 
streetscapes.

3

2.4 Investigate potential amendments to the Town Planning 
Scheme and or local planning policies for the provision 
to reduce new road surface areas to increase the ratio 
of verge and median space to road surface through the 
development process. 

3

2.5 Review current policies, and amend where appropriate, as 
to increase flexibilities that accommodate greater capacity 
for tree planting in freehold lands within industrial areas. 

3

Table 11. Action Plan.
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2.6 Review the Town Planning Scheme as to incorporate 
both retrospective and future requirements for Building 
Envelopes in Rural and Rural Residential zones. 

2

2.7 Ensure the Local Biodiversity Strategy objectives are not 
compromised through meeting the canopy targets of the 
Urban Forest Strategy.

Ongoing

2.8 Identify opportunities within and request amendments to 
the Residential Design Codes to reduce building foot prints 
and or increase private open space.

3

2.9 Review the Local Planning Policy LP: 09 as to increase 
the minimum number of trees required at development 
stage in non-residential areas as to increase canopy cover 
within industrial areas.

3

2.10 Actively monitor the compliance of Development & Building 
Application conditions that requires approved landscape 
plans and tree planting. Develop a compliance data base 
to provide annual reporting on condition compliance and 
undertake actions to ensure compliance of conditions.

Ongoing

2.11 To ensure that the City achieves a higher than projected 
canopy cover, by minimising canopy loss in freehold areas, 
undertake a review of the internal process of conditioning 
Development and Building Applications in relation to:
- WAPC standard conditions for landscape plans
- tree retention and removal on verges
- tree and vegetation retention and removal in special 
rural zones.

1-3

2.12 Review the current landscape guidelines so that they are 
cutting edge and will provide the best canopy and urban 
forest outcomes achieving above canopy projections in 
freehold lands.

1-3

2.13 Develop a Local Government Policy to deliver 
environmental offsets for both internal and external 
stakeholders ensuring environmental impacts resulting 
from City operations and projects are mitigated. 

5

Goal 3
Improve urban forest cover 
and capacity through smart 
management

3.1 Create an internal cross programme Urban Forest Project 
Group to facilitate effective decision making, guidance 
and reporting on the progress of deliverables of the Urban 
Forest Strategy.

1

3.2 Develop ‘Park and Streetscape Guidelines’ guidelines 
that document the principles of as well as guide the 
establishment of canopy trees and associated urban forest 
to assist in meeting the Urban Forest Strategy’s objectives 
and to ensure the broader park values are not compromised 
and that all stake holders have equity in park usage. 

2

3.3 Develop Streetscape Master Plans and models aligned with 
road hierarchy for efficient planting and to guide practical, 
consistent and compliant planting.

2

3.4 Continue to research and incorporate innovative products, 
design and installation methods for tree planting within roads 
and carparks and highly developed areas such as the City 
Centre as to provide an optimum root growth environment 
which in turn maximises canopy area of each species. 

Ongoing
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3.5 Develop a prioritisation plan for tree planting in 
streetscapes and Public Open Space. 

2

3.6 Continue to improve survival rate of newly established 
trees from vandalism by monitoring hot spots and 
developing appropriate methods to mitigate vandalism as 
to achieve >90% survival rates.

Ongoing

3.7 Continue to investigate and trial alternative planting 
approaches and techniques to improve tree survival to 
greater than 90% and to achieve maximum crown growth 
of species to meet the strategy’s canopy targets.

Ongoing

3.8 Identify and establish sites suitable within parks and 
streetscapes for an arboretum of different tree species 
comparing ability to grow successfully in the City 
of Canning conditions considering site and climatic 
constraints, with a view to establish an arboretum within 
one or two parks and streets  within the City.

5

3.9 Investigate the feasibility to trial a vertical wall garden 
and green roof on City of Canning buildings to provide 
leadership in urban forestry. If feasible, create a vertical 
wall garden and green roof on a City of Canning building.

4

3.10 Develop a plan to plant a large canopy tree of a suitable 
species (Keystone species) within parks and areas, to 
rapidly increase canopy, and provide shade and amenity 
to park visitors and which incorporates a broad range of 
urban forest values.

2

3.11 Where possible, develop a plan to ensure at least two 
parks within each suburb have a 100% canopy cover to 
provide shade amenity to the community.

1-3

3.12 Develop a Monitoring Plan to capture data, and build a City of 
Canning database for effective knowledge management and 
analysis. This includes the following:

- obtain using remote sensing techniques, a measure of 
canopy in 2020 and biennially thereafter. Use the canopy 
data to identify change and trends within the canopy

- use control areas to track variations in the urban forest 
canopy measurements within POS, Streetscapes and Freehold

- capture tree planting information using mobile devices as 
to update the tree data base in situ at the time of planting 
and report on annual tree planting targets

- monitor the tree survival of newly planted trees for the first 
three years and report annually the tree survival rates and 
ensure failed trees are replaced within one year of failure

- investigate and apply the use and methods of remote 
sensing techniques for monitoring tree health and vitality, 
particularly for large or significant trees, conservation 
areas or areas of a particular focus.

2

3.13 Continue to review tree watering practices for newly 
established trees with a view of achieving watering 
efficiencies and overall increased tree survivorship to >90%.

Ongoing

3.14 Invest further in soil condition analysis as to enhance 
subsequent soil preparation at tree planting to increase 
tree survivorship to >90% and maximise canopy growth 
expected of each species.

Ongoing
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3.15 Investigate the screening of proposed species for 
susceptibility to drought and heat stress, pests and 
diseases and collaborate on research to investigate 
relationships between pests, diseases and abiotic factors 
affecting tree health. Update species planting lists with 
the resultant resilient species.

Ongoing

3.16 Develop smart and objective tree planting and urban forest 
goals within project plans for projects and initiatives i.e. 
plant survivorships, canopy cover and plant diversity.

Ongoing

3.17 Undertake a feasibility assessment into retrofitting City 
of Canning owned carparks to be more conducive for tree 
growth to attain a minimum average of 40% canopy cover 
over all carparks. Undertake recommendations of the 
feasibility assessment.   

3

Goal 4
Engage with stakeholders in urban 
forest management

4.1 Appoint an Urban Forest Community Engagement Officer 
to be responsible for development; coordination, and 
implementation of an Urban Forest Strategy Engagement Plan.

1

4.2 Develop an Urban Forest Strategy Community Engagement 
Plan that will provide an effective approach to significantly 
increase community acceptance and ownership of verge 
tree and Public Open Space planting, and a significant 
increase in community participation in community planting 
events with a particular focus towards:

a) understanding the community in terms of overcoming 
barriers and benefits to increasing the urban forest

b) implementation of the various City of Canning strategies 
with a targeted increase in community participation in 
surveys and the planting and preservation of trees on their 
property and verges

b) targeted education and awareness campaign to home 
owners (based on sound barriers and benefits research), 
supported by regulatory and incentivisation to increase 
tree planting

c) engage local professionals with ‘local heroes’ to 
showcase studies and projects of successful urban 
biodiversity; urban forestry practices; WSUD; green 
infrastructure. This could include ‘knowledge forums’; 
open days, and workshops; supported by fact sheets to 
provide the community with tangible information subject to 
available resources

d) awareness of the low canopy cover situation and 
encourage residents to plant trees and ‘adopt a tree’ via 
messaging by the Mayor through cinema, social media and 
local newspapers.

2

4.3 Nominate a suitable native species of the Canning region 
as a mascot tree that the community can identify with and 
the City to use in branding the Urban Forest Strategy to 
raise awareness of the importance of increasing canopy 
cover.

1

4.4 Develop an Urban Forest branding and marketing plan to 
increase the awareness of the benefits of tree and urban 
forestry.

2
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APPENDIX A: LAND COVER CLASSIFICATIONS OF LAND USE TYPES

Land Cover Classification Area (ha) Percent of total (%) Area (ha) Percent of total (%)

Buildings 1317.6 20.3
3824.3 59.0 Hard Surfaces

Nonveg 2506.7 38.7

Grass 1294.6 20.0
2160.9 33.4 Low Vegetation

0-3m 866.3 13.4

3-6m 201.2 3.1

493.7 7.6 Canopy
6-10m 151.0 2.3

10-15m 88.7 1.4

>15m 52.8 0.8

TOTAL 6478.9 100.0 6478.9 100.0

Land Cover Classification Area (ha) Percent of total (%) Area (ha) Percent of total (%)

Buildings 5.9 0.8
121.2 17.1 Hard Surfaces

Nonveg 115.3 16.3

Grass 340.6 48.2
461.8 65.3 Low Vegetation

0-3m 121.2 17.1

3-6m 32.4 4.6

124.0 17.5 Canopy
6-10m 37.2 5.3

10-15m 31.4 4.4

>15m 23.0 3.2

TOTAL 707.0 100.0 706.9 100.0

Table 1. Land Cover Classification areas within the City of Canning, City Wide.

Table 2. Land Cover Classification areas within the City of Canning Public Open Space.

86  |  Urban Forest Strategy | Section Two



Land Cover Classification Area (ha) Percent of total (%) Area (ha) Percent of total (%)

Buildings 0.2 0.0
738.8 59.4 Hard Surfaces

Nonveg 738.6 59.4

Grass 318.8 25.6
429.7 34.5 Low Vegetation

0-3m 110.9 8.9

3-6m 32.8 2.6

76.3 6.1 Canopy
6-10m 23.4 1.9

10-15m 13.7 1.1

>15m 6.4 0.5

TOTAL 3732.69 100.0 4326.4 100.0

Land Cover Classification Area (ha) Percent of total (%) Area (ha) Percent of total (%)

Buildings 1283.9 35.19
2597.54 69.6 Hard Surfaces

Nonveg 1283.91 34.4

Grass 479.04 12.83
981.93 26.31 Low Vegetation

0-3m 502.89 13.47

3-6m 81.90 2.19

141.42 4.01 Canopy
6-10m 47.07 1.26

10-15m 13.24 0.35

>15m 11 4.06

TOTAL 3732.69 100.0 4326.4 100.0

Table 3. Land Cover Classification area within the City of Canning Streetscapes.

Table 4. Land Cover Classification area within the City of Canning Freehold Land.
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Why do think trees are important

APPENDIX B: COMMUNITY ENGAGEMENT SURVEY RESULTS
Note: methodology for the descriptive questions

Answers to descriptive questions were quantified by summarising the central themes within the responses and categorising answers into 
one or more central theme. This data was analysed to rank the answers in terms of those which were raised by the greatest number of 
respondents. 

(Q1 Descriptive Question) Why do you think trees are important?
Respondents chose habitat for animals 45.5%, shade 44.3% and the production of oxygen 44.3% as their main reasons for the importance 
of trees, followed by aesthetics 40.7% and a reduction in temperature 34.6%. 

Comments include:
• For shade, rain and the health of the ecosystems and halting the effects of global warming
• They provide shade and cooling effects for the house and cars parked underneath. Besides, trees' roots also help stabilise the soil 

structure and provide an important ecosystem habitat for insects and birds to perch on. In the greater scheme, they absorb carbon 
dioxide in the atmosphere and are the forerunner to combat climate change.

• Trees add character and beauty to a suburb. They provide shade and lower the temperature of the immediate area as well as 
producing oxygen while removing carbon dioxide. Trees provide habitat for birds and insects.

• Provide shade (people watching sport, for people exercising, car parking etc.) encourage birds to the area. Excellent for stress levels 
by bringing nature to the suburbs

Figure 1. Responses to Question 1.
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Table 1. Central themes within responses to Question 1.

Theme Description

Habitat Interest in trees providing habitat to fauna

Shade Creation of shade

Oxygen Production of oxygen 

Aesthetics The physical attributes of trees 

Temperature/Heat Reduction of temperature, cooling effect of trees

Health Perceived increase in health and mental wellbeing from trees

Climate Benefits of trees to combat climate change, pollution, global warming

Buildings Trees to increase aesthetic of existing buildings

Rain Catching falling rain/evapotranspiration

Fun Use for children, tree climbing

Value Perception trees add financial value to home/suburbs

Erosion Perception trees stop erosion

Wind Value of trees in reducing wind

Watering Perception trees reduce the need for surface watering

(Q2) How would you rate the current level of ‘canopy cover’ within the City of Canning?
The biggest response at 50.6% was that residents rate the current canopy cover as low, followed by 42% who rated it as medium. Only 
3.7% of respondents rated the current level as high. This indicates that most respondents believe there are not enough trees within the 
City of Canning currently. 

124 (50.6%)

9 (3.7%)
9 (3.7%)

103 (42.0%)

Low

Not sure

High

Medium

Optional question (245 responses, 3 skipped)

Figure 2. Responses to Question 2.
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(Q3) What do you think the ‘canopy cover’ within the City of Canning should be?
Overwhelmingly 83.5% of respondents voted for a high level of canopy cover moving forward, with 14.5% voting for a medium coverage, 
and only 0.8% at a low coverage. This shows that residents of Canning are very eager for significant future planting to occur.

(Q4a) Do you have any objections to increasing the number of trees in your local area?
Once again respondents largely said they do not have objections to an increase in canopy cover, with 87.5% people voting no, and only 
10% raising an objection.  Please see following page for the reason for not wanting an increase. 

Low

Not sure

High

Medium

Optional question (242 responses, 6 skipped)

NoYes

Optional question (248 responses, 0 skipped)

Figure 3. Responses to Question 3.

Figure 4. Responses to Question 4a.

50

100

150

200

250 217

25

35 (14.5%)

2 (0.8%)3 (1.2%)

202 (83.5%)

90  |  Urban Forest Strategy | Section Two



(Q4b Descriptive Question) If you do have objections please explain why?
Note: methodology for the descriptive questions 
Answers to descriptive questions were quantified by summarising the central themes within the responses, and categorising answers into 
one or more central theme. This data was analysed to rank the answers in terms of those which are raised by the greatest number of 
respondents. 

The numbers weren’t all that big in terms of percentage of objections, with only 5.6% of all respondents noting the biggest objection, 
which was the location of where trees will be planted. 

Please see examples of comments below:
• Wrong variety, and in the wrong location, e.g. in the centre of roads
• Some people are planting trees in inappropriate places, such as at fence lines, and inappropriate tress such as Cape Lilacs, so there 

needs to be some element of education to get a better outcome
• No more trees in the middle of back streets. It is dangerous and inconvenient. Meadowbrook Drive.

The second biggest objection at 4.8% was to the variety or species being planted; the main objection was to deciduous trees. 

Please see examples of comments below:
• Strongly oppose deciduous trees ↑ High Road is a visual nightmare compared to Vahland Ave with its beautiful, long-established paperbark
• We are in Riverton and have enough trees. Often block gutters. Bigger tree roots are spreading towards the boundary, damaging 

pavers and we unable to trim or cut as it's not allowed.

6.0%

5.0%

4.0%

3.0%

2.0%

1.0%

0.0%
Allergies

1.61%
Location
5.65%

Mess
4.44%

Maintenance
2.42%

Money
1.61%

Attractions
0.81%

Variety, species
4.84%

Hazards
2.82%

Infrastructre
2.02%

Lawn
0.40%

If you do have objections to increasing the number of trees in your local area, plaes explain why

Figure 5. Responses to Question 4b.
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Theme Description

Location Concerns regarding the perceived inappropriate position of trees

Variety/species Objections to specific tree species or types e.g. cape lilac, deciduous trees

Mess Objections relating to the mess caused by leaf litter, fruit and nuts

Hazards Perception trees cause a hazard e.g. slip hazard on fallen fruit/nuts

Maintenance Objection of residents to maintaining (on verges) leaf litter etc. caused by trees

Infrastructure Damage to infrastructure e.g. trees in powerlines

Money Use of council funds to maintain trees in powerlines, damage to drains

Allergies Concern over trees such as callistemon acerbating allergies 

Attraction The desire for trees to be aesthetically pleasing

Lawn Perception trees will adversely affect lawn

(Q5) Do you have trees within your garden front or back or front verge?
The larger proportion of respondents at 84.2% had trees in their front or back garden, with the smaller percentage of 51.6% having 
verge trees. 

Front vergeGarden – front or back

Optional question (248 responses, 0 skipped)

Figure 6. Responses to Question 5.
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Table 2. Central themes within responses to Question 4b.
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(Q6a) Have you planted trees in the last 12 months?
54.4% of respondents had planted a tree within the last 12 months, showing an interest from residents in increasing tree coverage within 
their own gardens. 

Please see the following page for reasons for not planting trees.

NoYes

Optional question (248 responses, 0 skipped)

Figure 7. Responses to Question 6a.
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(Q6b Descriptive Question) Explain why you have or have not planted a tree within the last 12 months?
Note: methodology for the descriptive questions
Answers to descriptive questions were quantified by summarising the central themes within the responses and categorising answers into 
one or more central theme. This data was analysed to rank the answers in terms of those which are raised by the greatest number of 
respondents. 

The biggest response as to why people had not planted was at 22.1% and was due to lack of room. 

The biggest response as to why people had planted was at 18.1% and was the perceived benefits of trees, such as shade, fauna and flowers. 

Please see comments below:
• Provide shade, bird sanctuary, cooling effect
• Re-establishing garden, also want fruit trees and greenery/shade
• Have planted fruit trees for the fruit and shade cover as well as their great looks.

Figure 8. Responses to Question 6b.

Explain why you have or have not planted a tree within the last 12 months
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Table 3. Central themes within responses to Question 6b.

Theme Description

Room No more room in existing garden to plant

Benefits Have planted due to benefits of trees 

Established Already have established garden so no more trees required

Fruit/Food Planting for fruit/food

Own/Rent Renters unable to plant trees

New Planting due to new area within block

Rats Have not planted due to rats 

Reveg/volunteer Tree planting as part of volunteer groups, revegetation work

Cost Plating is cost prohibitive 

Time Time poor

Neighbours Neighbours had objections to further planting

Powerline Constraints due to powerlines

Allowed Council declined permission for fruit trees to be planted on verge 

(Q7a) Have you removed a tree within the last 12 months?
The largest response was 81.4% indicating that they had not removed a tree within the last 12 months. 

44

50
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150

200

250
202

NoYes

Optional question (248 responses, 0 skipped)

Figure 9. Responses to Question 7a.
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(Q7b) If you have you removed a tree within the last 12 months, please explain why?
Note: methodology for the descriptive questions
Answers to descriptive questions were quantified by summarising the central themes within the responses and categorising answers into 
one or more central theme. This data was analysed to rank the answers in terms of those raised by the greatest number of respondents. 

A relatively small amount of people within the group had removed trees; the most popular reason for removal of a tree was disease, with 
6.85% of respondents giving this as their reasoning. 

Please see comments below
• Four cypress trees in my garden had severe canker and the arborist said there was little hope of them recovering. So, we had to have 

them taken out. We have since replaced them with Cottonwood Hibiscus!
• 10 metre branch fell one evening. Tree specialist determined it was rotten inside and it had to be removed.
• Severe infestation of scale and mealy bugs beyond rescue and I do not use insecticides in the garden.

Figure 10. Responses to Question 7b.

If you have you removed a tree within the last 12 months, please explain why
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Theme Description

Disease Trees were damaged by disease

Roots/Rotten Damage to infrastructure by root systems

Non-native Desire for native trees, non-native removed and replaced

Replaced Dead tree removed and replaced

Crowded/too large Trees removed because they were too big for area

Building Trees removed for building house/shed etc.

Rats Infestation of rats caused tree removal

Mess Concern about mess caused by tree led to removal

Neighbours Complaints by neighbours led to tree removal 

Inappropriate location Trees in inappropriate location were removed

Health Trees causing health concerns/allergies were removed

Council Council requirements led to tree removal/replacement 

Table 4. Central themes within responses to Question 7b.
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Evergreen trees: non-deciduous trees, such as trees do not drop leaves in winter (e.g. gums, wattles, bottlebrush)

Australian natives

Deciduous trees: trees that drop their leaves in winter (e.g. Jacaranda, London Plane)

Optional question (248 responses, 0 skipped)

Figure 11. Responses to Question 8.
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(Q8) What type(s) of trees would you like to see planted in your local area?
The most popular types of trees with respondents was Australian natives, getting 81% of the vote, followed by evergreen trees at 70.5%; 
the least popular option was deciduous trees at 47%.
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Streetscapes, e.g. median strips and roadsides Shopping centre car parksParks

Optional question (248 responses, 0 skipped)

Figure 12. Responses to Question 9.

(Q9) In which area would you like to see more trees planted? 
The largest percentage of respondents, 88.7%, want to see more trees planted within their local parks, followed by 85% that preferred 
streetscapes such as median strips and roadsides. The smallest response was 60.8% for planting on verges. 
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Survey results: Suburb demographics

No Response 69

Willetton, WA 45

Ferndale, WA 27

Wilson, WA 15

Riverton, WA 15

Shelley, WA 15

Parkwood, WA 13

Cannington, WA 10

Rossmoyne, WA 7

Queens Park, WA 7

East Cannington, WA 5

Bentley, WA 4

Canning Vale, WA 4

Lynwood, WA 4

Beckenham, WA 3

Riverton, WA 1

Bentley South, WA 1

South Perth, WA 1

St James, WA 1

Seville Grove, WA 1

O 20 40 60 80

Figure 13. Suburb demographics of respondents. 

Which suburb do you live in?
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APPENDIX C: WATER USAGE FOR TREE-PLANTING TARGETS.
Units Total POS Streetscapes

Additional tree establishment under this plan Trees 61,215 35,556 25,659

Trees per year (over 10 years) Trees 6,122 3,555 2,566

Annual water application per tree (L) L - 749 5,408

Annual water requirement (kL) kL 30,415 2,662 27,753

Current tree water application kL 9,767

Additional water required to implement this strategy kL 20,648

Proportion of remaining  water allocation ** % 3.4

Proportion of total water allocation * % 1.2

* City of Canning annual groundwater allocation = 2637600 kl
** Remaining unallocated groundwater = 613242 kl

 ↑Annual water requirementPOS=↑Annual water application per treePOS× ↑Trees per yearPOS 

↑Annual water requirementStreetscape=↑Annual water application per treeStreetscape× ↑Trees per yearStreetscape  ×  2(years of irrigation) 

↑Annual water requirement↑Total= ↑Annual water application per treePOS+ Annual water application per treeStreetscape

Additional water required to implement this strategy=↑Annual water application per treeTotal –  Current tree water application

Proportion of remaining  water allocation = 

Proportion of total water allocation  = 

(Remaining unallocated groundwater )

(Additional water required to implement this strategy)

(Annual water requirement (kL)

City of Canning annual groundwater allocation  (2637600 kl))
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APPENDIX D: FUNDING MECHANISMS
State Government Funding 
The Swan Alcoa Landcare Program (SALP) is a Community Landcare 
Grants Program funded by Alcoa and the Department of Biodiversity, 
Conservation and Attractions (DBCA). It aims to protect and manage 
natural assets while taking into account a broad ecological 
context, enhancing and restoring habitat and ecological linkages 
within the Swan Region. Grants are approved annually, and are 
open to volunteer community groups, Not-for-Profit community 
organisations, or stakeholders who can clearly demonstrate an 
ongoing partnership with such groups. To be eligible, projects 
must be valued at between $500 and $20,000 and must adhere to 
several conditions, including having an environmental benefit to the 
community, and feature on-ground activities such as: disease and 
pest management, erosion management, fencing for conservation, 
revegetation, seed collection, weed treatment. This presents an 
opportunity for City of Canning to work closely with Friends groups 
and NFP like Trillion Trees (formerly Men of the Trees WA). Activities 
aligning with the Urban Forest Strategy may include collecting seed 
of arid tree species for drought screening, systemic treatment of 
mature trees suffering from Phytophthora, or planting trees for 
revegetation/erosion management. Applications are closed for 2019 
commencement but are likely to open for application in 2019 for 
projects commencing in 2020. 

Lotterywest and Healthway have aligned their grant-making strategy 
to maximise community support. Local governments have historically 
been strongly supported through both programs and any amount 
can be applied for above $3,000. They have five priority areas and 
desired outcomes, with three of these most obviously presenting 
opportunities within the City of Canning’s Urban Forest Strategy. 
Priority one falls under Healthway and is titled ‘Active Healthy 
People’, aiming to assist communities to be more active and support 

initiatives that promote healthy lives. Priority two is titled ‘Protected 
Sustainable Ecosystems’ and aims to support communities to sustain 
and enhance our unique species and environments. And finally, 
priority three is titled ‘Smart Innovative Society’, aiming to support 
science and research and help build and retain talent in our state. 

Under the Lotterywest and Healthway Community Investment 
Framework the City of Canning is eligible to apply for funds to 
support research projects that: 

• address social, cultural, medical, economic, geographic, health 
and environmental issues facing Western Australia

• inform policy or practice
• result in learning that can be transferred into practice
• bring researchers, practitioners, policy makers and consumers 

together
• have findings that are broadly distributed and accessible; and
• are not part of an academic qualification.

This presents an opportunity for the City of Canning to seek funding 
to directly support some of the research gaps that exist in Western 
Australia. Potential examples of such topics include:

• screening of tree species for drought and heat tolerance in a 
changing climate

• determining the impact of street design and tree selection on the 
mitigation of urban heat

• determining the relationship between human health and the 
proximity and abundance of urban green infrastructure using 
remote sensing methods

• screening of trees and trialling of treatments for managing tree 
health disorders

• trialling real-time smart sensors for monitoring soil moisture, 
tree water use and temperature for targeted watering. 
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Federal Government Funding
Several suitable federal funding initiatives (eg, Smart Cities and 
Suburbs, 20 Million Trees Program) of the Federal Government have 
now concluded, but it is highly likely that new funding initiatives will 
be announced by the elected party after the election in the first half 
of 2019. The Australian Research Council (ARC) Linkage Program; the 
City of Canning is eligible to apply in partnership with researchers, 
business, industry, community organisations and other publicly funded 
research agencies. The Linkage Projects grant opportunity supports 
projects that initiate or develop long-term strategic research alliances 
to apply advanced knowledge to problems, acquire new knowledge 
a basis for securing commercial and other benefits of research. 
The project would be led by a university and cash and/or in-kind 
contribution would be required from the City of Canning with funding 
of $50,000 to $300,000 available per year for two to five years. A wide 
range of applied research could be conducted; with such funding to 
fill research gaps and help achieve the objectives of the City’s Urban 
Forest Strategy. Research examples discussed above would all be 
eligible. 

The National Health and Medical Research Council (NHMRC) is the 
Australian Government’s primary health and medical research 
funding agency. There is a wide range of funding schemes available 
and these are open at different times with varying amounts of 
funding available. Lead organisations would be medical institutes 
and universities with the City of Canning partnering. Some of the 
relevant schemes that are available include: 

• Ideas Grant Scheme – funds innovative and creative research 
and may be funded in conjunction with other organisations. 
These grants offer opportunities to researchers whose work is 
particularly relevant to the priorities and research interests of the 
partner organisations. 

• Partnership Projects – provides funding and support to create 
new opportunities for researchers. Policy makers to work together 
to define research questions, undertake research, interpret the 
findings and implement the findings into policy and practices. 

• Development Grants – provides financial support to individual 
researchers and/or research teams to undertake health and 
medical research at the proof-of-concept stage that specifically 
drives towards a commercial outcome. The developed product, 
process, procedure or service, if applied, would result in improved 
health care, disease prevention or provide health cost savings. 

A great deal of research on the connection between urban forests, 
green infrastructure, urban design and human health has been 
conducted overseas or along the east coast of Australia. There 
is a great need for research to be conducted within Perth and in 
particular the City of Canning as an area with one of WA’s lowest 
canopy cover areas. 

Private Sector
Voluntary Planning Agreements made between council and land 
developers may provide for either or both funds and space to be 
directed towards community facilities such as trees. Policy options 
could be explored to mandate new tree establishment during the 
design and approval of new developments to offset the direct costs 
to council associated with achieving the Urban Forest Strategy 
canopy targets.  
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APPENDIX E: MEASURE, MONITOR, EVALUATE, REPORT
Methods for Measurement
City of Canning has measured the current state of its urban forest 
using airborne remote sensing systems. A wide variety of methods 
are used globally for measuring this state, including random 
point sampling, ground-based surveys, airborne and satellite 
imaging systems. Parmehr et al. (2016) reviewed random point 
sampling (e.g. i-Tree canopy) and fused LiDAR and multi-spectral 
imagery data. The latter method was used for measuring the City 
of Canning’s baseline canopy cover. Their study of 35 statistical 
areas within the suburb of Williamstown in Melbourne found urban 
tree canopy measures varied by up to 4.5% between the two 
methods. This is perhaps reflected in the report by Jacobs et al. 
(2014) that found a canopy cover for City of Canning in 2014 of 
13.1% using the random point sampling method, compared with 
7.6% measured in 2015 by City of Canning. 

It is also important to note that airborne remote sensing methods 
can vary considerably in their accuracy for measuring urban tree 
canopy cover. Our analysis suggests variations of several percent 
between datasets dependent on the system and methods used 
for acquisition and processing. The utilisation of high-precision 
methodologies avoids under- or over-estimation of canopy but 
also provides precision measurement of canopy cover at multiple 
scales, including single lots. 

The City of Canning has proposed to undertake monitoring of 
canopy cover at five-year intervals, with the next acquisition 
scheduled for 2020. It is highly desired to obtain a high-precision 
measure of canopy at that point, and to undertake additional 
analysis on the 2015 dataset to determine the level of accuracy 
of that dataset. This will enable evaluation of the effectiveness of 
the management interventions that have been implemented since 
2015. 

Methods for Monitoring
Increasing the frequency of monitoring should be considered to 
enable development of statistical control charts as a means of 
identifying environmental decision-points for management action. 
This would enable the acquisition of four data points of canopy 
cover measure prior to the five-year review in 2025, enabling the 
development of control charts. Control charts present time-series 
repeated-measures of canopy cover and offer a robust solution to 
displaying time-series remote-sensed data. Once time-series data 
are displayed, trigger rules can be incorporated to aid decision-
making. Reliable repeat measures obtained through remote sensing 
and the frequency of these measures, particularly in the early stages 
of monitoring, are desirable for setting meaningful control limits. 
The breach of these control limits will alert managers early in the 
management program as to whether interventions are effective 
and if there has been an unacceptable trend in canopy cover, and 
enable more detailed analysis of the spatial pattern (eg, residential, 
commercial, parks etc.) of this trend. Higher resolution analysis of 
this trend (eg, individual lots) is more reliable if the data is of high 
precision, as discussed previously. 

Additional Methods of Measurement and Evaluation
While the present focus of the urban forest strategy is canopy 
cover, there are many other quantitative and qualitative measures 
and targets that can be included in regular monitoring and 
reporting that relate to the development and management of a 
resilient and healthy urban forest and its benefits for residents. 
The City of Melbourne’s Urban Forest Strategy (2012-2032) (2015) 
lists numerous areas for information development, and many of 
these are relevant to the City of Canning. A modified list of these 
is presented below with justification, as they may be useful for 
inclusion:

• Urban forest composition, structure and age class. A diverse 
range of species, sizes, and age class increases resilience 
from abiotic (eg drought) and biotic (eg pests or diseases) 
factors that may impact a single species or age class of tree. 
Urban forest species vary greatly in their tolerance to drought 
and, as such, can be screened (e.g. Sjöman et al. 2015). This 
can enable implementation of strategies to conserve existing 
vulnerable species and planting of more drought- and heat-
tolerant species (Nitschke et al. 2017). Lessons can be learnt 
from overseas urban forest managers about the potential 
impact of an invasive pest. Emerald Ash Borer (EAB) Agrilus 
planipennis has killed millions of Ash (Fraxinus spp.) across 
the US with costs estimated in 2009 of $10.7 billion USD for 
treatment, removal and replacement of trees until 2019 (Kovacs 
et al. 2010). Donovan et al. (2013) suggested loss of trees to 
EAB increased mortality related to cardiovascular and lower-
respiratory-tract illness. Future measurement and monitoring of 
composition, structure and age class can be achieved through a 
combination of remote sensing and in-situ methods. 

• Urban forest landscape mapping and habitat values. This 
identifies opportunities for the creation and enhancement 
of corridors through targeted planting of selected tree 
species according to the Local Biodiversity Strategy, thereby 
improving connectivity between isolated natural areas of 
regional and local conservation significance. This is not only 
beneficial to biodiversity but improves quality of life in urban 
spaces through mitigation of urban heat, creation of diverse 
recreational spaces, improved visual amenity, increased 
property values, and increased carbon sequestration and 
storage (Local Biodiversity Strategy 2018). The ongoing 
measure of composition, habitat value, cover and condition of 
the vegetation in corridors planted under the Local Biodiversity 
Strategy can be achieved through a combination of remote 
sensing and in-situ methods. 

• Urban forest effects on climate regulation and air quality. 
Norton et al. (2015) showed trees provide the greatest cooling 
benefits when compared to other forms of urban green 
infrastructure, such as green open space, green roofs and 
vertical greening, and this is largely due to the greater shade 
cast by trees (Park et al. 2012), which has the additional benefit 
of reducing exposure of residents to the sun. McPherson and 
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Rowntree (1993) showed a single 25-ft tree could reduce 
annual heating and cooling costs of a typical residence by 
8-12%. Air quality should be considered at all stages of urban 
design and development (Ferranti et al. 2018), but the impact 
of trees on air quality is complex as they can also produce 
natural volatile compounds that can form ozone and particulate 
matter. The impact of trees on air quality is greatest when 
closest to the pollution source and mixed with other rough 
surfaces (eg, parklands, trees, buildings, gardens) to create wind 
turbulence and pollution dispersion (Ferranti et al. 2018). Pugh 
et al. (2012) found that planting vegetation in street canyons 
to increase deposition of air pollutants can reduce street-level 
concentrations within the canyons by as much as 40% for NO2 
and 60% for particulate matter. Future monitoring of local climate 
and air quality in relation to vegetation can be achieved using a 
combination of in-situ sensors and remote sensing datasets.  

• Urban forest productivity, health and vitality. The majority of 
LGAs throughout Australia have only limited knowledge of these 
parameters and most of the information is qualitative. Methods 
exist for precise measurement of species growth and biomass, 
canopy growth over time, crown health and the impacts of 
biotic and abiotic factors on tree health. ArborCarbon has been 
working with several LGAs throughout Australia to quantify the 
condition of their urban forest across the LGA at various vertical 
and horizontal scales. The techniques are an extension into 
urban areas of research using high-resolution airborne remote 
sensing technologies for monitoring tree health in woodlands 
(Evans et al. 2012a, 2012b), testing a range of condition 

indices. The same imagery is used for precision monitoring of 
canopy cover. The method has been utilised for early detection 
of abiotic and biotic factors and has been responsible for the 
detection of more than 40 different species of Phytophthora 
associated with declining urban vegetation in a single LGA, 
and has been adopted by local government for setting Key 
Performance Indicators. These techniques can be implemented 
and improved for monitoring these parameters in the City of 
Canning’s urban forest. 

• Urban forest contribution to the carbon cycle. Opportunities 
exist to utilise the same remote sensing technologies for 
monitoring canopy cover and condition for measuring carbon 
storage and sequestration. A range of remotely sensed data 
sources have been compared and combined with field-based 
observations for estimating carbon storage in urban trees by 
measuring the above-ground biomass of different species 
(Raciti, Hutyra, & Newell 2014). High-resolution airborne 
multispectral, LiDAR and terrestrial laser scanning methods 
have proven the most accurate (Raciti et al. 2014; Wilkes et 
al. 2018). A study of above-ground carbon stored in Beijing’s 
urban trees found urban green spaces can greatly contribute 
to mitigating climate change through carbon sequestration, but 
carbon density greatly reduced with increasing urban density 
(Sun et al. 2018). The City of Canning can measure carbon 
sequestration of the urban forest during the next scheduled 
airborne acquisition. 
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• Contributions to management of soil and water resources. The 
interaction between urban trees, surrounding infrastructure, 
soils and water is complex. Recent research conducted in 
Germany showed positive correlations between the growth 
rate of trees, fine-root biomass and infiltration rates (Rahman 
et al. 2019). Directing stormwater to irrigate street trees has 
been shown to have significant potential to retain runoff with 
appropriately designed inlets, but the positive impacts on tree 
health and growth from passive irrigation systems may not 
benefit mature trees already receiving adequate irrigation. 
Benefits are likely to be greatest in i) mature trees surrounded 
by greater impervious surface area, ii) newly planted trees, 
or iii) trees growing in hotter, drier climates (Szota et al. 
2019). Although trees have great potential for strategic urban 
stormwater management, additional research is required to 
develop policy mechanisms to encourage their cost-effective 
implementation (Berland et al. 2017). Urban vegetation can 
be also be a driver for contaminant sequestration in soil and 
deposited contaminants, such as black carbon particles. Urban 
vegetation can further contribute to regulating contaminant 
cycling and overall contributes to the value that urban soils 
offer in terms of ecosystem services such as improvements in 
water quality, retention and tree health (Schifman et al. 2018).  
Opportunities exist for the City of Canning to invest and trial 
innovative smart technologies for real-time monitoring of soil 
moisture and plant growth for targeted water application and 
early mitigation of tree health disorders. 

• Socioeconomic benefits. Examples include outdoor activity, 
property values, wellbeing, sense of place and cultural 
heritage. Studies have proven the positive link between mental 
health and the abundance and proximity of greenspace in cities 
(Cox et al. 2017; Dzhambov et al. 2018), and higher levels of 
walkability and green space are associated with lower Type 2 
diabetes risk (Dendup et al. 2018). A recent study across the 
entire Hong Kong city has shown street greenery, particularly at 
eye level (eg tree canopy) and the number of parks increased 
the total walking time of residents (Lu, Sarkar, & Xiao 2018). 
Kondo et al. (2018) conducted a systematic review of published 
literature and found consistent negative association between 
urban green space exposure and mortality, heart rate and 
violence, and positive association with attention, mood and 
physical activity. Pandit et al. (2013) showed a broad-leaved 
tree on the street verge increases the median property price of a 
house in Perth by approximately $17,000. Akoumianaki-Ioannidou 
et al. (2016) showed many children and teachers in schools have 
little knowledge of plant species within the school grounds, and 
pupils’ preference for plants is around functional characteristics, 
such as provision of shade (eg trees). This presents an 
opportunity for the City of Canning to work with schools to gain 
support for planting activities from children but also teachers 
and parents. Collaboration with research groups and consultants 
to measure the links between urban forest metrics and local 
socio-economic data will raise awareness amongst residents of 
additional benefits provided by the urban forest. 

• Establish community connection. It is important to involve 
the community in decision-making processes regarding the 
Urban Forest. The effectiveness of the community engagement 
will be measured by the degree to which it leads to better 
decisions (policies, plans and projects) which means better 
outcomes for the City of Canning and the community. Each 
element of the engagement process will also be evaluated to 
ensure continuous improvement in how the City of Canning 
undertakes community engagement in the future.  It would 
be useful to conduct similar community engagement surveys 
throughout the implementation of the Urban Forest Strategy. 
This will allow the City of Canning to assess the effectiveness 
of community engagement, identify issues with the ongoing 
implementation of the strategy, and provide opportunities 
to incorporate community feedback into the implementation 
process. It is important to involve the community at every step 
of the way, via council newsletters, social media, interactive 
events, workshops and so on and to assess the success of each 
procedure. 

• Spatial analysis of the urban heat island and establishment of a 
thermal map. Existing thermal mapping for the City of Canning 
has utilised Landsat 100 m pixel resolution data. Such data is 
useful for identifying hotspots throughout the City of Canning. 
ArborCarbon has undertaken high-resolution thermal infrared 
imaging and analysis for various LGAs throughout Australia, 
such as the City of Perth, East Fremantle and Onkaparinga, to 
investigate the relationship between canopy cover and day- and 
night-time surface temperatures. Detailed analysis has been 
undertaken in Melbourne LGAs with Norton et al. (2015) utilising 
0.5m airborne thermal remote sensing data to assist with the 
development of a framework to prioritise green infrastructure 
to mitigate high urban temperatures. Their framework applied 
a hierarchical decision-making framework that prioritised 
high risk neighbourhoods followed by selection of the most 
appropriate UGI elements for various contexts. Mitigation of 
heat in urban settings is much more complex than simply 
planting trees as it includes street design (ie, street width, 
building height), surface materials and tree placement, volume, 
shade cast, species and crown health. Concurrent acquisition 
of high-resolution airborne thermal data, along with other 
airborne remote sensing technologies, enables the measure of 
all these attributes across the City of Canning and development 
of robust models. This presents an opportunity for the City 
of Canning to invest and trial innovative smart technologies 
for real-time monitoring of air-temperature in different 
streetscapes to quantify the effect of street design, planting 
and so on air temperature. 
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APPENDIX F: RESIDENTIAL R-CODES
Table: General site requirements for all single house(s) and grouped dwellings; and multiple dwellings in areas coded less than R40 
(Western Australian Planning Commission 2018; State Planning Policy 3.1 Residential Design Codes).* subject to variations permitted 
under clause 5.1.1 C1.4** only applies to single houses

Open Space

R-Code Dwelling type Minimum site area 
per dwelling (m2)*

Minimum lot area /
rear battleaxe (m2) **

Minimum  
frontage (m) **

Min total  
(% of site)

Min outdoor 
living (m2 )

2
Single house or 
grouped dwelling

5000 - 50 80

2.5
Single house or 
grouped dwelling

4000 - 40 80

5
Single house or 
grouped dwelling

2000 - 30 70

10
Single house or 
grouped dwelling

Min 875 Av 1000 925 20 60

Multiple dwelling 1000 - - 60

12.5
Single house or 
grouped dwelling

Min 700 Av 800 762.5 17 55

Multiple dwelling 800 - - 55

15
Single house or 
grouped dwelling

Min 580 Av 666 655 12 50

Multiple dwelling 666 - - 50

17.5
Single house or 
grouped dwelling

Min 500 Av 571 587.5 12 50 36

Multiple dwelling 571 - - - -

20
Single house or 
grouped dwelling

Min 350 Av 450 450 10 50 30

Multiple dwelling 450 - - 50 -

25
Single house or 
grouped dwelling

Min 300 Av 350 425 8 50 30

Multiple dwelling 350 - - 50 -

30
Single house or 
grouped dwelling

Min 260 Av 300 410 - 45 24

Multiple dwelling 300 - - 45 -

35
Single house or 
grouped dwelling

Min 220 Av 260 395 - 45 24

Multiple dwelling 260 - - 45 -

40
Single house or 
grouped dwelling

Min 180 Av 220 380 - 45 20

50
Single house or 
grouped dwelling

Min 160 Av 180 380 - 40 16

60
Single house or 
grouped dwelling

Min 120 Av 150 380 - 40 16

80
Single house or 
grouped dwelling

Min 100 Av 120 380 - 30 16

100
Single house or 
grouped dwelling

Min 100 Av 120 380 - 30 16
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