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TREENET INCORPORATED CONSTITUTION
1.

NAME

The name of the Association is "TREENET Incorporated"
2.

DEFINITIONS

2.1

“The Act” means the Associations Incorporations Act 1985.

2.2

“Association” means the above named Association.

2.3

“Management Committee” means the committee referred to in Rule 11.

2.4

“Advisory Board” means the Board referred to in Rule 12.

3.

VISION AND AIMS

3.1

Vision

The vision of the Association is to enhance the role of trees in the urban forest and to engage the community in
this endeavour.
3.2

Aims

The aims of the Association are:
3.2.1 To develop and maintain an interactive web application to facilitate the exchange of information relating
to urban forests.
3.2.2 To promote research and education relating to urban forests including holding symposia.
3.2.3 To broaden the body of knowledge that exists about street trees and foster research, distribute applicable
information, facilitate cooperation and enlist community support concerning the protection,
preservation and enhancement of the urban forest.
3.2.4 To establish and maintain a public fund to be called TREENET Fund for the specific purpose of supporting
the environmental purposes of TREENET Inc. The Fund is established to receive all gifts of money or
property for this purpose and any money received because of such gifts must be credited to its bank
account. The Fund must not receive any other money or property into its account and it must comply
with subdivision 30-E of the Income Tax Assessment Act 1997.
4.

POWERS

The Association shall have all the powers conferred by Section 25 of the Act.
5.

MEMBERSHIP

5.1

Membership

When an organisation or person has agreed to become a member of the Association and has paid the
Association’s membership fee where it applies, then that organisation or person will be admitted to membership
pursuant to the Constitution, and their name shall be entered in the Association’s Register of Members.
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5.2

Classes of Member

There shall be five classes of member:
5.2.1 Management Committee Member
This class shall consist of all members of the Management Committee as described in Rule 11.1.
Management Committee Members will have the right to receive notice of and attend all meetings.
5.2.2 Advisory Board Member
This class shall consist of natural persons who have been invited by the Management Committee to be
on the Advisory Board and agreed. Advisory Board Members will have the right to receive notice of, and
attend, the Annual General Meeting and other General Meetings as called. The term of appointment will
be for the calendar year.
5.2.3 Associate Member
This class shall consist of natural persons who register an interest in joining the Association and who
subscribe to the aims of the Association.
5.2.4 Institutional Member
This class shall consist of research and educational institutions, government bodies, businesses and
associations who are financial members. Institutional Members will have the right to receive notice of,
and attend, the Annual General Meeting and other General Meetings as called.
5.2.5 Honorary Life Member
This class shall consist of natural persons who have been granted Honorary membership at the discretion
of the Management Committee. Honorary Life Members will have the right to receive notice of and
attend the Annual General Meeting and other General Meetings as called.
5.3

Votes

Members may exercise the following voting entitlements:
5.3.1 Management Committee Member – 1 vote
5.3.2 Advisory Board Member – 1 vote
5.3.3 Associate Member – members of this class shall have no votes
5.3.4 Institutional Member – financial members – 1 vote by representation or proxy
5.3.5 Honorary Life Member – 1 vote
5.4

Register of Members

A Register of Members shall be kept which contains the name, postal or electronic address, class of membership
and subscription details of each Member and the date of joining the Association.
5.5

No Transfer of Rights

The rights and privileges of a Member shall not be transferable and shall cease upon such an organisation or
person ceasing to be a Member.
6.

MEMBERSHIP FEES

The Management Committee shall from time to time set the terms and conditions of membership fees, if any,
for the different classes of membership.
7.

CESSATION OF MEMBERSHIP

Membership may cease by resignation, expulsion or non-payment of fees.
7.1

Resignation

Members shall cease to be a member by notifying the Association by whatever means the Management
Committee might direct from time to time.
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7.2

Expulsion

If any Member wilfully refuses or neglects to comply with the provisions of the Constitution, or is guilty of any
conduct which in the opinion of the Management Committee is unbecoming to a Member or prejudicial to the
interests of the Association, the Committee shall have the power to expel the member from the Association
PROVIDED THAT at least one month before the Committee Meeting at which a resolution for the Member’s
expulsion is to be considered, the Member shall have been given notice of such meeting and what is alleged
against them and of the intended resolution for their expulsion, and they shall at such meeting and before the
passing of such resolution have had an opportunity to give oral or written explanation for their defence.
7.3

Non-payment of Fees

If a Member has not paid fees as agreed in the terms and conditions and has been notified in writing by the
Association of this failure, then the Member shall cease to be a Member of the Association unless the prescribed
fee is paid by the date as notified.
8.

PROPERTY AND FINANCE

8.1
The funds and other property of the Association shall be managed and controlled by the Management
Committee and shall be used only for the vision and aims of the Association.
8.2
All cheques, negotiable instruments and orders drawn by the Association shall be signed by two persons
designated by the Management Committee.
8.3
Subject to Rule 8.1, the surplus funds of the Association may be invested in such manner as the
Management Committee sees fit, except direct equities.
8.4

The accounts of the Association shall be audited annually.

8.5

The financial year of the Association shall be from 1 July to 30 June.

8.6

The Association shall prepare financial accounts at the end of each financial year.

9.

NOT-FOR -PROFIT

The assets and income of the Association shall be applied solely in furtherance of its above-mentioned vision
and aims and no portion shall be distributed directly or indirectly to the members of the Association except as
bona fide compensation for services rendered or for reimbursement for expenses incurred.
10.

MEETINGS OF THE ASSOCIATION

10.1

The Annual General Meeting shall be held at such time as the Management Committee shall determine.

10.2 Any Motion that any voting Member proposes to move at the Annual General Meeting including a
proposal to alter the Constitution shall be given in writing to the Management Committee at least four weeks
before the meeting.
10.3 At least 21 days before the Annual General Meeting or any other General Meeting, notice shall be given
by written or electronic form sent to all members of the Association entitled to vote, but any accidental omission
to give notice to any voting member shall not invalidate the meeting.
10.4 At the Annual General Meeting, ordinary business shall be the presentation of the audited financial
accounts, election of the Management Committee and the appointment of an auditor.
10.5 Each voting member present shall be entitled to one vote. In case of an equality of votes, the Chair shall
have a second or casting vote.
10.6 A Special General Meeting may be requested by ten voting members presenting an agenda to the
Management Committee, the agenda being signed by all ten members. The Management Committee must
within 14 days give notice of a Special General Meeting to be at least 21 days from the notice date. The Special
General Meeting will be limited to the agenda items plus other items of which the Committee gives notice. Once
the agenda items have been resolved by consensus, resolution or vote they cannot be used again to call a Special
General Meeting for 52 weeks from the meeting date.
10.7 An Advisory Board Member shall be entitled to appoint in writing a natural person, who is also an Advisory
Board Member of the Association, to be his or her proxy, and to vote on his or her behalf at any general meeting
of the Association.
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11.

MANAGEMENT COMMITTEE

11.1

Membership of the Management Committee

The Management Committee will comprise six elected members drawn from education and research, business
and government sectors of the community and three ex officio members as follows:
11.1.1 An academic from a tertiary educational institution
11.1.2 A member of Local Government
11.1.3 Four other members
11.1.4 The Director of Waite Arboretum will be a member ex officio and may also represent The University of
Adelaide with consent from the University
11.1.5 The Directors of TREENET and the Treasurer of TREENET will be members ex officio.
11.2

Elections

11.2.1 The elected members of the Management Committee shall be elected annually by voting members of
the Association at the Annual General Meeting.
11.2.2 Where the number of candidates for membership of the Management Committee exceeds the maximum
number, elections shall be held by secret ballot of members at the Annual General Meeting entitled to vote. In
the case of an equality of votes, the Chair shall have a second or casting vote.
11.2.3 The nomination of a candidate for membership of the Management Committee must be in writing, signed
by a proposer (who must be an Advisory Board member) and by the nominee. The nomination must be
delivered to the Director of the Association before such time as the Management Committee shall determine.
11.2.4 Subject to Rule 11.1, the Management Committee shall have the power to co-opt further Committee
members and to fill casual vacancies.
11.3

Office Bearers

The Office Bearers of the Association shall be:
Chair
Directors & Public Officer ex officio
Treasurer ex officio
11.4

Procedures Generally

The Management Committee may meet in person or confer by video or telephone conferencing, email or by
other electronic means for the dispatch of business and subject to the Constitution, otherwise regulate its
meetings as it thinks fit.
11.5

Calling of Committee Meetings

11.5.1 The Management Committee shall meet or confer at least four times per year as described in 11.4.
Notice of the meeting or conference shall be given in writing to each Committee Member.
11.5.2 The position of any Committee member absent for three consecutive meetings or conferences without
leave of absence shall automatically become vacant. Acceptance of an apology shall be deemed grant of such
leave.
11.6

Chair

The Chair shall take the chair at meetings. In his or her absence, the Committee shall appoint a member of the
Committee to chair the meeting.
11.7

Decisions of Questions

Questions arising before a meeting of the Committee shall be decided by a majority vote. In case of an equality
of votes, the chair shall have a second or casting vote.
11.8

Reporting

The Management Committee shall be responsible to the Association and shall present an annual report,
including the audited financial accounts, to each Annual General Meeting.
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11.9

Auditor

The Management Committee shall appoint an auditor of the Association, who will hold office until the next
Annual General Meeting of the Association.

12.

ADVISORY BOARD

12.1

There shall be an Advisory Board of the Association.

12.2 The Advisory Board will comprise persons who are competent and willing to provide advice to the
Association in their individual areas of expertise, and to liaise with other bodies and institutions for the purpose
of facilitating the flow of information between the Association and those other bodies and institutions, and
facilitating the implementation of projects which the Association undertakes in furtherance of its aims.
12.3 Members of the Advisory Board shall have no power or authority to represent the Association in any
dealings between the Association and third parties.
12.4

The Advisory Board shall meet at such times and places as the Management Committee shall determine.

12.5

The Chair of the Management Committee will take the chair at meetings of the Advisory Board.

13.

QUORUMS

13.1

The quorum at general meetings of the Association shall be six members entitled to vote.

13.2

The quorum at Management Committee meetings shall be three members.

14.

AUTHORITY TO ENTER INTO CONTRACTS OR AGREEMENTS

The Association shall not be committed to any binding contract or Agreement except pursuant to a resolution
of the Management Committee and the instrument shall be signed by at least two members of the Committee.
15.

DISSOLUTION

15.1 The Association shall be dissolved if a resolution to this effect is carried by a three-quarters majority
voting in person or by proxy at a general meeting, 21 days’ notice of the proposed resolution having been given
to all members entitled to vote.
15.2 In the event of the Association being dissolved, the amount that remains after such dissolution and the
satisfaction of all debts and liabilities shall be transferred to the University of Adelaide, for expenditure on the
Waite Arboretum only.
16.

ALTERATION TO THE CONSTITUTION

This Constitution may be altered by resolution of a majority of three-quarters of members entitled to vote and
who cast a vote in person or by proxy at a general meeting. Written notice of amendments shall be posted to
all members entitled to vote at the same time as the notice of the meeting.
17.

REQUIREMENTS OF THE PUBLIC FUND

The organisation must inform the Department responsible for the environment as soon as possible if:



18.

it changes its name or the name of its public fund; or
there is any change to the membership of the management committee of the public fund; or
there has been any departure from the model rules for public funds set out in the Guidelines to the Register
of Environmental Organisations.
MINISTERIAL RULES

The organisation agrees to comply with any rules that the Treasurer and the Minister with responsibility for the
environment may make to ensure that gifts made to the fund are only used for its principal purpose.
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19.

CONDUIT POLICY

Any allocation of funds or property to other persons or organizations will be made in accordance with the
established purposes of the organisation and not be influenced by the preference of the donor.
20.

WINDING-UP

In case of the winding-up of the Fund, any surplus assets are to be transferred to another fund with similar
objectives that is on the Register of Environmental Organizations.
21.

STATISTICAL INFORMATION

Statistical information requested by the Department on donations to the Public Fund will be provided within
four months of the end of the financial year.
An audited financial statement for the organisation and its public fund will be supplied with the annual statistical
return. The statement will provide information on the expenditure of public fund monies and the management
of public fund assets.
22.

RULES FOR THE PUBLIC FUND

22.1

The objective of the fund is to support the organisation’s environmental purpose.

22.2 Members of the public are to be invited to make gifts of money or property to the fund for the
environmental purposes of the organisation.
22.3 Money from interest on donations, income derived from donated property, and money from the
realisation of such property is to be deposited into the fund.
22.4

A separate bank account is to be opened to deposit money donated to the fund, including interest
accruing thereon, and gifts to it are to be kept separate from other funds of the organisation.

22.5

Receipts are to be issued in the name of the fund and proper accounting records and procedures are to
be kept and used for the fund.

22.6

The fund will be operated on a not-for-profit basis.

22.7

A committee of management of no fewer than three persons will administer the fund. The committee
will be appointed by the organisation. A majority of the members of the committee are required to be
‘responsible persons’ as defined by the Guidelines to the Register of Environmental Organizations.
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SPEAKER AND PANELIST PROFILES

Professor Tim Entwisle
Professor Tim Entwisle is a highly respected scientist, scientific communicator and
botanic gardens director. He took up the role of Director and Chief Executive of
Royal Botanic Gardens in March 2013, following two years in a senior role at Royal
Botanic Gardens Kew, and eight years as Executive Director of the Royal Botanic
Gardens and Domain Trust in Sydney. Tim is an Honorary Professorial Fellow in the
School of Botany at The University of Melbourne and has been a Visiting Professor
in the School of Biological and Biomedical Science, Durham University. He is an
expert in freshwater algae (a genus, family and order of algae were named after
him last year) but has a broad interest in all plants and related life forms (e.g. he
edited and wrote for the 4-volume Flora of Victoria). Tim blogs, tweets, and looks
for any opportunity to promote science, plants and gardens. Tim has been a regular
contributor to ABC radio and its website, and a frequent guest on Australian radio
– over summer 2014/15 he hosted RN’s first plant and gardening show, Talking Plants, which ran for a second
season in 2015/16. He has written for a variety of science, nature and garden magazines and maintains an active
social media profile (including his popular ‘Talkingplants’ blog). He is currently President of the International
Association of Botanic Gardens (IABG).

Dr Greg Moore OAM
Apart from a general interest in horticultural plant science, revegetation and
ecology, Greg has a specific interest in all aspects of arboriculture, which is the
scientific study of the cultivation and management of trees. He has contributed to
the development of Australian Standards in pruning, protection of trees on
development sites and amenity tree evaluation and has been a major speaker at
conferences in Australia, China, Israel, Hong Kong, USA, France and New Zealand.
He was the inaugural president of the International Society of Arboriculture,
Australian Chapter. He has been a regular on Melbourne radio, particularly with
ABC 774 and 3AW.
He has been a member of the National Trust of Victoria’s Register of Significant
Trees since 1988 and has chaired the committee since 1996. Greg was on the Board
of Greening Australia (Victoria) 1988 - 2012. He has been on the board of TREENET
(chair 2005-2019) since 1999 and has been on the Board of Sustainable Gardening Australia since 2002. He was
a ministerial nomination for the Trust for Nature from 2009 to 2017 and for Yarra Park from 2010 - 2020. He has
also served on a number of industry and TAFE sector committees, especially those that deal with curriculum and
accreditation matters.
He continues to pursue an active research profile in any matters that relate to trees in the urban environment
and revegetation. He has written three books, seven book chapters and has had some 180 papers and articles
relating to tree biology and management published. He was awarded an OAM in 2017 for services to the
environment, particularly arboriculture.
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Dr Michael Taffe
Michael holds Honours and Master’s degrees from University of Melbourne and is
currently an Associate of the School of Arts and Education at Federation University
Ballarat.
Michael taught in the Horticulture School at Ballarat’s School of Mines, now
incorporated into Federation University. His major area of research has been into
Australia’s avenues of honour to the Great War and their transnational influences.
Michael was historical consultant with Oculus Landscape Architecture & Urban
Design on the restoration of the Ballarat Avenue of Honour in 2014- 15, a project
that resulted in international and national landscape architectural awards.
He has presented at national and international conferences and conducted
workshops on the avenues in terms of linear forests and beautification as well as
their role and significance as war memorials.
With four books to his credit Michael is currently working on another on this topic.

Ben Kenyon
Ben has been involved in a number of large bushfires over the last few years,
notably:
Grampians – 2006
Black Saturday – 2009
Mickleham – 2014
East Gippsland – 2020
This presentation highlights the personal experiences of these fires.
It aims to provide guidance to other professionals who may need to conduct tree
assessments following fire and provides broad recommendations for the
management of trees (and people) prior to, during and after a significant fire event.

Professor Thomas Astell-Burt
Thomas is the Professor of Population Health and Environmental Data Science and
the Founding Co-Director of the Population Wellbeing and Environment Research
Lab (PowerLab) at the University of Wollongong (UOW).
Thomas is also an NHMRC Boosting Dementia Research Leadership Fellow (1 of
only 4 awarded in public health in Australia).
Thomas has a long-standing interest in the relationship between nature and human
health, especially on the potential of green space to enrich environments for
prevention of Alzheimer's disease and type 2 diabetes mellitus in cities.

Associate Professor Xiaoqi Feng
Associate Professor Xiaoqi Feng is an NHMRC Career Development Fellow in the
UNSW School of Public Health and Community Medicine and an Adjunct Professor
with the National Institute of Environmental Health at China CDC. Xiaoqi leads a
program of research focused on enhancing population wellbeing through
identifying modifiable environmental factors (e.g. disadvantage, urban green
space, food environment) that shape health and developmental trajectories and
inequities among newborns, children, adolescents and women across the
lifecourse. She has authored >140 publications, led major research projects
(funding >$9.1M, including NHMRC, Heart Foundation), and successfully translated
her research into policy and practice.

The 21st National Street Tree Symposium 2020
17

Dr Stephanie Jacobs
Stephanie is a climate scientist specialising in urban climate and cooling, climate
change and heat stress. She completed her PhD research in modelling urban heat
mitigation strategies and human heat stress for Melbourne during heatwaves from
the current and future climate. The strategies modelled included cool roofs,
increased vegetation and urban irrigation.
For Mosaic Insights, Stephanie conducts spatial urban heat modelling from the
street scale up to the local government scale using a range of microclimate models.

Brenton Grear
Brenton is Director of Green Adelaide within the Department for Environment and
Water.
Brenton is a keen surfer and hiker with a long career within parks and NRM in South
Australia, including as a wetland ecologist, parks manager, conservation and
wildlife policy executive and regional NRM director.

Greg Ingleton
Greg is SA Water’s Manager of Environmental Opportunities and focuses on
improving liveability and productivity in relation to water.
An environment scientist and former farmer, Greg explores and implements
solutions to managing water and energy in our urban environment to reduce the
impacts of urban heat islands and ensure our South Australian communities are
resilient against climate impacts now and into the future.

Karen Sweeney
Karen Sweeney is the Urban Forest Manager for the City of Sydney Council. Karen
has worked in local government for over 20 years in all aspects of tree
management; from operations and tree assessments, through to contract
management and policy development. She has technical qualifications in
Arboriculture, Landscape Design and Parks and Gardens, and has completed a
Master in Business Administration.
In the last 14 years Karen has been strategically managing the City of Sydney’s
urban forest and the City’s tree management team. During this time she has led
the development and implementation of the City’s Urban Forest Strategy, Tree
Management Policy, Street Tree Master Plan, 19th Century Park Tree Management
Plans and the Register of Significant Trees. Karen is responsible for the direction of
Sydney's urban forest in a physically and politically challenging environment.
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Phillip Julian
Phil Julian is the Senior Tree Coordinator at the City of Sydney Council. Phillip has
20 years’ experience in park and tree management for local government in
NSW. He has a BSc. in Urban Horticulture and diplomas in Arboriculture and
Business Management.
After working tree contract management, in recent years Phil has specialised in the
management and analysis of data required to drive the City’s urban forest and
operational programs. He uses the insights gained from such analysis to influence
policy development for greening and tree canopy.

Dr Tony Matthews
Dr Tony Matthews is an award-winning Urban and Environmental Planner, with
portfolios in academia, practice and the media. He is a faculty member at Griffith
University, where he is a member of the School of Environment & Science and the
Cities Research Institute.
In addition to a Masters and PhD in Planning, Tony holds the professional
designation of Chartered Town Planner, earned through the Royal Town Planning
Institute in London. While primarily based in planning academia and research, Tony
maintains an active practice portfolio. He has led and participated in a wide variety
of planning and sustainability projects in collaboration with government, the
private sector and community organisations. Tony is also an in-demand public
speaker and regularly delivers invited keynotes and speeches at academic and
industry events.
Tony’s research and practice interests include adapting cities to climate change impacts; the role and function
of green infrastructure; sustainable and low carbon design; the interplay between built environments and
human health; and achieving high quality urban design outcomes. He regularly competes for national and
international research funding and has received funding from the Australian Research Council and CSIRO, among
others. Tony’s research is widely published in multiple formats and languages, is internationally cited and has
proven translation to real-world outcomes.
Tony is also an active public writer and commentator with hundreds of national and international print, radio
and television media appearances. He founded of the Urban Broadcast Collective (@urbanpodcasts), a curated
network of podcasts dedicated to cities and urban life. Tony also developed and co-presented ‘The Urban
Squeeze’ radio program on ABC Radio, which ran for two seasons and won three Awards for Excellence from the
Planning Institute of Australia.

Dr Dave Kendal
Dave is a senior lecturer in Environmental Management at the University of
Tasmania. He is interested in researching and teaching human-nature relationships
in cities and beyond, particularly around management.
He has worked extensively on tree species suitability for future climates in cities
across Australia and around the world, and on community engagement on urban
forest planning.
He completed his PhD in 2012 at the Burnley campus of the University of
Melbourne. Dave then worked at the Australian Research Centre for Urban
Ecology, a division of the Royal Botanic Gardens Melbourne.
In 2016 he was appointed as a Research Fellow in Urban Greening at the University
of Melbourne, funded through the Clean Air and Urban Landscape hub of the
National Environmental Science Program.
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Leigh Staas
Leigh is the Associate Director for Engagement & Research Partnerships at
Macquarie University’s Centre for Smart Green Cities, she uses her scientific
background and stakeholder engagement skills to develop user-centred research
projects that will create smarter, greener and liveable cities.
For more than 10 years, Leigh has worked extensively between academia, local and
state government and industry. She is an expert in developing and leading
multidisciplinary research projects that solve real-world problems, particularly in
the area of green infrastructure, climate change adaptation, biodiversity and smart
technology.
Leigh is the Program Manager for the Which Plant Where project, a collaboration
between Macquarie University, Western Sydney University, the NSW Department of Planning, Industry and
Environment and Hort Innovation. This national five year program is aligning science with industry experience
to develop an online tool that will identify species that will be resilient to climate change and therefore future
proof our urban landscapes.

Jim Binney
Jim is a resource and environmental economic practitioner with over 25 years of
postgraduate experience. Since 2006 he has undertaken in excess of 220 consulting
assignments, in all states and territories across Australia, as well as numerous
international assignments, and for multinational organisations.
Cost-benefit analysis, cost effectiveness analysis, and non-market valuation are
tools used in most of his projects. A major focus of his work is the integration of
environmental values into mainstream decision making and investment.
Prior to commencing his consulting career in 2006, Jim was the Director of
Economics for the Department of Natural Resources in Queensland Australia.
In addition to his consulting work Jim is also a Board Member of Queensland Trust
for Nature and the Economic Advisor on the Queensland Water Minister’s Expert
Panel.

Cameron Ryder
Cameron has been involved in the broader horticulture industry for 22 years
including 17 studying and practicing arboriculture. Cameron worked as a climbing
arborist for a short while before injury forced an early end. Since 2004, he has
worked as a consultant in the arboricultural industry and completed many and
varied projects including as an expert witness in various legal fora.
In recent years he has co-authored 2 published journal articles based on previous
research investigating a cost benefit analysis for formative pruning young trees and
on the efficacy of Ground Penetrating Radar.
In 2014, Cameron started C&R Ryder Consulting. In a short while the business has
experienced strong growth and focuses on providing high quality tree and
vegetation assessments, tree surveys, strategic documentation and arboricultural
project management to local governments, utilities, civil and the legal/insurance
sectors.
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Hussain Shahzad
Hussain is a PhD Candidate at the University of South Australia. He holds a Bachelor
Degree in Geological Engineering from the University of Engineering and
Technology in Lahore, Pakistan, and the degree of Master of Engineering in Water
Resources Management from the University of South Australia.
Hussain’s professional experience has focussed on sustainable water management,
including water storage in embankment dams and hydroelectric power generation.
Consistent with his previous work on sustainable water management for
community benefit, Hussain’s PhD research is investigating the potential for smallscale, dispersed, water sensitive urban design measures to harvest and infiltrate
stormwater to reduce flooding, reduce discharge to receiving waters and
downstream communities, and thereby better sustain local environments and
communities.

Xanthia Gleeson
Xanthia is a proud South Australian with a passion for sustainability and
understanding ecosystems and how they serve communities.
In 2019 Xanthia completed a Bachelor of Science (Honours) degree in
Environmental Science at Flinders University; her research tested the efficacy of
using equipment and methods more usually applied to commercial forestry
investigations to quantifying the effects of stormwater harvesting and water
sensitive urban design on the functioning of urban trees.
In 2020 Xanthia began part time research toward a doctoral degree, the focus of
her study being the potential for stormwater harvesting to increase urban tree
water use to moderate Adelaide’s semi-arid and changing climate.

Alex Czura
Alex Czura began his career at SA Water in 2007 as a Climate Change officer, where
he managed SA Water's greenhouse inventory, developed SA Water's climate
change strategy and developed the greenhouse accounting for the Adelaide
Desalination Plant.
In 2011 he moved into an Environmental Impact Assessment role managing
environmental opportunities and approvals, auditing and site reinstatements of
both minor and major capital projects. Projects include the North South
Interconnection project NSISP, Major pipeline and reservoir spillway upgrades and
more recently the Northern Adelaide Irrigation Scheme including a 30km pipeline,
recycled water treatment plant and Adelaide’s largest Managed Aquifer Recharge
and Recovery Scheme Project.
More recently, Alex has been working within the liveability space as part of the
Strategy Innovation and Business of Tomorrow Team in SA Water. Here, he is investigating the benefits of urban
water use as an alternative to electricity, to cool both residential and commercial properties. Another project is
to introduce local government groups to smart irrigation tools, reducing their water use and reducing spend
while encouraging them to meet sustainability targets.
Alex is passionate about achieving improved liveability outcomes, taking action to reduce the effects of climate
change and working collaboratively with local government and developers to increase urban green spaces.
Currently, Alex is working with local government groups to achieve their tree canopy targets while protecting
SA Water assets and is an advocate for “the right tree in the right place”.
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Katie Denoon
Katie Denoon is an environmental advocate, restoring canopy through education
and engagement with local, regional and national communities and government.
Her current role as Sutherland Shire Council's Canopy Co-ordinator includes
development and execution of the Green Streets Program, which aims to replenish
the canopy of The Shire so future generations can enjoy leafy, resilient and liveable
neighbourhoods. She has fifteen years' experience working in the environmental
sector with a passion for connecting people with nature.

Kelly Hertzog
Kelly is the Team Leader Urban Forest and Ecology at the City of Melbourne, leading
a multidisciplinary team working to create thriving urban ecosystems and
communities. The team is responsible for the delivery of the City’s Urban Forest
and Nature in the City Strategies, bringing together operational and strategic work
streams. Kelly has a background in social science and a passion for bringing trees
and people together.

Dr Tim Johnson
Dr Tim Johnson's experience as an arborist and civil engineer ensures his
knowledge of the issues, opportunities and difficulties of delivering green
engineering remains informed and current.
As an Industry Adjunct with the University of South Australia Tim’s research
interests focus on engineering which supports trees so interactions between roots,
infrastructure, water and soil deliver maximum benefit to urban communities and
the environment.
His experience ‘on the tools’ and in technical roles in the private and public sectors
underpins his practical approach to applied interdisciplinary research.
Working in local government as a Sustainable Infrastructure Engineer, Tim builds
experimental design into working demonstrations to investigate nature-based solutions to some of the
challenges associated with urbanisation and the changing environment.
Tim is a long-term member of TREENET's Management Committee and Advisory Board, of the Institute of Public
Works Engineers Australasia, Arboriculture Australia and the International Society of Arboriculture.

Dan Lambe
Dan is the president of the Arbor Day Foundation, founded in 1972, which has
grown to become the largest nonprofit membership organisation dedicated to
planting trees, with over one million members, supporters, and valued partners.
Dan leads the strategic development of programs and partnerships through which
the Foundation strives to educate, recognise, and empower people to plant,
nurture, and celebrate trees.
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MANAGING LIVING COLLECTIONS AND LANDSCAPES
IN A (CLIMATE) CHANGING WORLD
Professor Tim Entwisle
Director and Chief Executive
Royal Botanic Gardens Victoria

Abstract
Botanic gardens maintain collections of living plants for science, conservation, education, beauty and more.
These collections change over time – in scope and content – but the predicted impacts of climate change will
require a more strategic approach to the succession of plant species and their landscapes. Royal Botanic Gardens
Victoria has recently published a ‘Landscape Succession Strategy’ for its Melbourne Gardens, a spectacular
botanical landscape established in 1846. The strategy recognizes that with 1.6 million visitors each year,
responsibility for a heritage-listed landscape and the need to care for a collection of over 8,000 plant species of
conservation and scientific importance, planting and planning must take into account anticipated changes to
rainfall and temperature. The trees we plant today must be suitable for the climate of the twenty-second
century. Specifically, the Strategy sets out the steps needed over the next twenty years to transition the botanic
garden to one resilient to the climate modelled for 2090. The document includes a range of practical measures
and achievable (and at times somewhat aspirational) targets. Climate analogues are being used to identify places
in Australia and elsewhere with conditions today similar to those predicted for Melbourne in 2090, to help select
new species for the collection. Modelling of the natural and cultivated distribution of species will be used to help
select suitable growth forms to replace existing species of high value or interest. Improved understanding of
temperature gradients within the botanic garden, water holding capacity of soils and plant water use behaviour
is already resulting in better targeted planting and irrigation. The goal is to retain a similar diversity of species
but transition the collection so that by 2036 at least 75% of the species are suitable for the climate in 2090. At
all times there will be a strong focus on assisting the broader community in their response to climate change.
An international Climate Change Alliance is being established to further encourage the sharing of knowledge
and skills.

FURTHER READING
http://treenet.org/wp-content/uploads/2020/10/Entwisle-et-al-2017-Adapting-botanic-gardens-landscape-toclimate-change.pdf
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IT ISN’T ROCKET SCIENCE.
STREET TREES CAN MAKE A DIFFERENCE IN CLIMATE CHANGE!
G M Moore
School of Ecosystem and Forest Sciences, University of Melbourne, Burnley College, University of
Melbourne, 500 Yarra Boulevard, RICHMOND, AUSTRALIA 3121

Abstract
For decades we have been listening to ordinary Australians saying that there is nothing that they can do about
climate change. They argue that Australia with its small population is not really significant in the grand scale of
global climate change and politics. But what we do affects not just a country but a whole continent and that is
significant globally! During Covid-19 lockdowns, public green space showed its real value in terms of human
physical and mental health, and overall well-being. The same is likely to be true of the worth of treed public
open space during climate change.
So for those of us who are not interested in the ideology and point-scoring associated with climate change, there
are lots of things that can be done to ease both frustration at inaction and disappointment at political reaction.
Ordinary citizens can do things that will make a difference to the places and communities where they live, but
urban forest professionals have much to offer. For those involved in managing trees, when I am asked, “What
can we do about climate change?” my response is “If we don’t or can’t make a difference then who can?”

Introduction
For decades people have been reading about, listening to and watching ordinary Australians saying that there is
nothing that they can do about climate change. They argue that Australia with its small population is not really
significant in the grand scale of global climate change and politics. They argue that the national contribution to
emissions when compared to other larger nations is insignificant and that anything done to reduce emissions is
tokenism and conclude that nothing they can do will make a difference (Moore 2020a). But this is untrue at
many levels.
The population, at over 25 million, is not as small as many Australians think and per capita Australians are among
the highest contributors to green house gas emissions: residents of some States more so than others. Australians
represent about 0.3% of the world’s population and produce about 1.07% of the world’s emissions (Department
of Industry 2019). Furthermore, what Australians do affects not just a country but a whole continent and that is
significant globally! What many people fail to grasp is that scientists have been giving warnings about climate
change for 20-30 years and had hoped, or perhaps expected, that over time steps could be taken locally, as well
as globally to reduce or minimise the adverse effects of climate change.
Applied scientists specialising in horticulture and arboriculture, have engaged with students about climate
change since the 1980s, with a view to preparing them for the world in which they would work during their
careers. Applied scientists are practical people working in the real world with the aim of solving problems and
improving everyday lives. Most are not involved in party politics, but they are interested in doing things well,
being efficient and saving society unnecessary expenditure. The notion that if you do nothing about climate
change it costs you nothing is nonsense – doing nothing costs you now, but ensures costs will be higher in the
future. It is the transfer of a significant financial and economic liability to the future.
It is curious that when Australians talk about climate change, it becomes apparent that most are aware of the
predictions of warmer weather and possibly lower rainfall. There is indeed a strong likelihood that there will be
20% more drought months in many parts of Australia, but not necessarily in all (CSIRO 2015). However, most
Australians seem to be unaware that for a huge continent like Australia, the effects will vary in different parts of
the country and so generalising can be dangerously difficult. In parts of Australia, such as Sydney there could be
an increase in hailstorm events and increased hailstone size, while in Melbourne there are likely to be fewer hail
events. Depending on the type and age of a roof hailstones of 5cm can crack older tiles, while 7cm will crack
newer tiles in good condition and 10cm hailstones can damage corrugated steel roofing (Snow and Prasad 2011).
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Few Australians seem to be aware of predictions of heavier rainfall events in drier months which compound the
effect of a lowered rainfall or the increased likelihood of flash flooding.
There is also the risk and likelihood of some coastal inundation as sea levels rise by up to 15cm by 2030-50,
which could exacerbate higher local flooding levels in rivers near their mouths.
It is also curious that Australians seem to be unaware that trees are essential parts of urban infrastructure and
have always been important to human health and well being (Table 1). There are many studies on the positive
benefits that trees provide for physical and mental health, but the presence of trees correlates with quicker
recovery after hospital treatment, better learning outcomes for school students, fewer prescription medicines
for residents and even higher average baby birth weights. Contrary to what many people think higher tree
density also correlates with lower crime rates – it is often dense shrubbery that is linked to increases in crime.
In a major USA study, it was found that women living in and near greenspace had a 12% lower all-cause non
accidental mortality and that the biggest decreases were in respiratory and cancer related deaths (James et al.
2016). They concluded that the association with greenness may be mediated by physical activity, removal of
particulate matter (PM) and social engagement and that planting may mitigate climate change and improve
health (James et al. 2016). Such benefits are not to be taken lightly as they can save society tens of millions of
dollars each year. However, they are under-appreciated benefits and as trees are lost from urban landscapes
the costs of living in these areas must inevitably increase.
Table 1. Some high value social and medical benefits correlated with higher tree canopy cover
that are typically under-appreciated
Lower heatwave related rates of mortality

Higher average baby birth weights

Lower overall crime rates

Better learning outcomes for students

Quicker recovery after hospital treatment

Fewer prescription medicines for residents

Reduced social disadvantage

May reduce self-harm and suicide rates

Increased human resilience under stress

May reduce domestic violence

Longer life spans for residents

Higher levels of resident general health

Improved mental and physical health in aged care facilities

Longer life spans in aged care facilities

This paper is not about the divisive, ideological and wedging politics related to climate change, but rather some
of the simple and logical things that people could do to: make a difference, save some money and ultimately
save lives. In particular, it begins by considering what typical Australians might do to cope with a changed climate
and then addresses the role that trees have in mitigating some of the effects of climate change and in allowing
people to cope with the inevitable changes to climate that are coming. There must be leadership from urban
forest managers and engagement with the wider community if the potential benefits that trees and green space
provide are to be

The times and Climates they are a changing
The models of climate change affecting many Australian cities suggest warmer and drier weather conditions.
They also suggest that when it does rain in some cities, the downpours will be heavier and in the warmer months
of the year so the effective precipitation will be even lower than the lowered rainfall averages. The higher
temperatures don’t just mean warmer days. The higher temperatures indicate that there is more energy in
weather systems and so there will be stronger winds and more violent storms. It also means that cyclones are
more likely to occur further south in Australia (further north in the Northern hemisphere) than was previously
the case in the history of such events.
So what are some of the things that people might have to confront in relation to their homes and increased wind
speeds (Snow and Prasad 2011)(Table 2)? How well are the tiles fixed to the roof? Is it one in four, one in six or
perhaps one in eight tiles that are fixed to the battens? Are the iron sheets and cladding attached with
appropriate screws? Should every tile be fixed and the batten timbers be of a stronger grade to cope with
stronger and more frequent storms? Similarly, are the roadside signs, billboards, utility poles and rooftop
structures strong enough to withstand such storms? Should the foundations be larger, supporting structures
made of stronger steel and the attachment fixtures, such as nuts and bolts be stronger (Snow and Prasad 2011)?
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Fortunately, these are the responsibility of other professions, but some of the concerns are shared. Such changes
are efficiently and relatively cheaply made as part of routine maintenance and scheduled replacement programs,
but if changes have to be made all at once after a fatality or major failure, it will cost millions of dollars.
This is really starting to get to the nuts and bolts of climate change. Given advanced warning changes can be
made over a long period of time, spreading the cost and maximising efficiency. This is certainly true of
maintaining, defending and expanding the urban forest. Increasing the canopy cover of urban vegetation
inevitably takes time – sometimes decades. By failing to make the most of the time provided by early warnings,
every Australian citizen will bear a greater cost. By failing to make the most of the past twenty of more years,
the economic costs of climate change have been hand-balled unfairly to future generations.
As global temperatures rise, people often say that there is nothing they can do because it is a global problem.
This is untrue. One of the simplest things that can be done is to make sure that there is adequate tree canopy
cover. The urban heat island (UHI) effect causes increased urban temperatures, but open green space, and
particularly tree canopy cover and the shade it provides, can reduce temperatures. So more greenspace and
tree cover in a city is a simple and effective way of reducing city temperature. Temperatures will also rise in rural
towns and regional centres and canopy cover will be as important there, if not more so, than in larger cities. The
appropriateness and wisdom of high density housing development in rural Australia for liveability and
sustainability must be questioned under climate change scenarios.
Table 2. Some general (Snow and Prasad 2011) and tree/plant climate related actions
that home owners might undertake.
Tree/plant related actions

General actions

Plant two medium sized trees (8-10m) to the
north or north west of homes for shade

Consider the orientation of the dwelling at
construction and the use of verandahs

At least 40% of domestic block allocated to
green, preferably treed, private open space

Properly sealed and insulated homes to reduce
energy and electricity consumption

Use of evergreen and deciduous trees for
summer shade and winter acess to light

Stronger fixtures used to secure roof and other
structures against stronger winds

Presence of trees to ameliorate against wind and
reduce UHI effect

Double glazing at construction for insulation
reduced energy consumption and wind protection

Provide treed private green space to absorb
storm water and reduce local flooding

Have a fire plan that includes both dwelling and
garden components

In fire prone districts plant fire resistant
/retardant species in a fire smart garden

Collect/recycle water as a back up system that
provides water for treed private greenspace

Plant and design the garden to redirect water
from the house and so avoid local flood damage

In constructing decking have stronger foundations
so it can be roofed to provide shade if needed

Plant trees along urban waterways to slow flood
fronts and reduce erosion where a wider flood
front will not cause damage

Capture natural ventilation such as roof
ventilators and possible green roof applications

Where appropriate consider planting trees as
a protection against large hailstorm events

Use solar and/or wind powered cooling/
heating systems

The vital role of tree in coping with climate change
Homes must be designed to cater for their orientation to the sun allowing access to winter sun and light, and
protection from the hot summer sun. Are homes insulated and sealed to keep them cooler in summer and more
energy efficient in winter? These are cheap and easy to do at construction, but cost thousands of dollars to
retrofit (Snow and Prasad 2011). Of course, trees have a role to play around homes in providing summer shade
and by using deciduous species allowing winter light to penetrate, but they need space and time to grow. Has
the most been made of the time that the warnings of climate science have given?
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Sadly, despite knowing the value of tree canopy cover in reducing UHI, in most Australian cities canopy cover is
declining (Moore 2015). In Melbourne, the loss was at a rate of 1-1.5% per annum, due to the removal of trees
on private land – front and back yards - for more intense housing development (Moore 2019). Studies from
North American cities have also identified that private development could lead to an annual 1% decrease in
urban tree canopy cover area above private land (Hurley et al. 2019). This can be a serious concern for cities and
towns anticipating population increase and future densification.
In more detailed analyses of canopy changes, lower and more subtle rates of canopy loss were reported. Croeser
et al. (2020) found a 1% decrease in Melbourne canopy over eight years due to the churning of trees on public
land. Older, bigger trees were lost near development sites but were compensated for by new plantings.
Furthermore, many of the trees lost were relatively young specimens, which threatens achieving future canopy
cover targets (Table 3). Other studies have found that different regions or sectors within a city show rise and
falls in canopy cover, but the overall trend is a reduction (Hurley et al. 2019; McManus 2019).
The subdivision of older dwellings involves the loss of mature trees on private open space, but there is an
assumption that these losses will be compensated by street tree planting. However, this is pure fantasy – the
large old house and block transforms into four townhouses with four driveways (crossovers) which leave little,
if any, space in the nature strip for the planting of trees of sizeable canopy. There is a spiral into further canopy
decline. There is insufficient public open space in many Australian municipalities to achieve a 30% tree canopy
cover without having a contribution from trees growing on private open space. Ordinary citizens can make a
difference by having trees in their front and back yards, which adds canopy cover in private realm and
contributes to the services that trees provide.
Table 3. Urban tree canopy loss in different sectors and regions of cities.
Sector

Cover
(%)

Parks
Streets

30
15

Decrease/
increase
(%)
<-1.0 decrease
0.4 increase

Private

5

0.2 decrease

CBD
Urban
Suburban
Public Land
Private Land
Roads
Inner
Inner Sth East
West
North
East
South

16.5
32.4
39.8
50.5
31.6
28.1
11.8
18.3
5
11
24.9
11.7

2.3 decrease
5.6 decrease
6.8 decrease
0.5 decrease
7.5 decrease
4.7 decrease
0.8 increase
0.8 decrease
0.8 increase
0.7 increase
2.3 decrease
0.2 decrease

Net
decrease
(%)

Period

Notes

1.0

2008-16

Behind a minor change,
there was a churning of
young trees, with losses
of cover being almost
compensated by new
cover

5.7

2008-17

The loss of canopy is due
to tree loss on private
urban and suburban land

McManus
2019

2014-18

Losses and gains with
losses in the south and
east compensated for by
gains in the north and
west

Hurley et
al. 2019

0.3

Source

Croeser et
al. 2020

As urban canopy cover declines, it is staggering that trees are removed because of minor nuisance or
infrastructure damage. Trees that have provided ecological and environmental services and substantial
economic benefit for decades are removed when they cause damage to infrastructure that could be rectified for
a few hundred dollars. Where are the cost-benefit analyses in these cases? Perhaps worse are thoughtless tree
removals based on a whim, ignorance or prejudice precipitated when private property changes hands. Private
land owners should understand that they too have a responsibility for managing trees for the greater community
good.
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The health and social benefits of active and passive recreation are well-known and the venues for such activities
are normally public open spaces under local government control. It is easy to think that such activities and
facilities are likely to bolster urban green space and provide opportunities for greater canopy cover. However,
more club rooms, car parks and hard surfaces are seeing a gradual erosion of green space, even within older
parks and recreation reserves. Furthermore, with the increase in the demand for sports ovals and pitches,
especially with the massive increases in women’s sport, there is enormous pressure on public open space to
remove trees for more playing surfaces and to build facilities. This is not an argument against fostering greater
participation in active and passive recreation, but rather a concern that there does not seem to be any strategy
for increasing or even preserving open green space in light of these pressures and the demands of climate
change. How is it possible given rising temperatures that state planning laws continue to ignore the value of
trees and open space so that we are losing them from our cities at the very time we need them most?
It is not only the shade that the trees and green space provide that keeps the environment cooler. Trees take up
water from the soil and release it to the atmosphere in the process of transpiration. Evapotranspiration not only
cools trees, but also the air and environment around them, provided there is sufficient soil moisture for stomata
to remain open. Trees do need water and at times of drought many people think that trees should not be
irrigated. However, their shade and cooling means that soils do not dry as quickly and that air temperatures are
lower and so in many ways trees efficiently use the water that is provided. Transpirational cooling can make a
difference of 1-2°C during a heat wave which can be significant in reducing its effects on vulnerable members of
a community.
Trees also mitigate the impact of winds, but which are the best species to plant and the best places to plant so
that they afford the greatest protection of homes. In a Canadian Study, removing all the trees around homes
resulted in a doubling of wind speed and increased wind pressure that is responsible for up to a third of a
building’s energy consumption. Removing all the trees around buildings can increase a building’s energy
consumption by up to 10% in winter and 15% in summer. Bare branches play a role so deciduous trees also
reduce pressure loading on buildings year round – it’s not only evergreens that are important (Giometto et al.
2017).
Bitumen is widely used in roads, footpaths and carparks and contributes to the urban heat island (UHI) effect.
In the hot Australian sun the solvents that bind the asphalt eventually evaporate, leaving the surface crumbly
and needing re-surfacing. Shade from trees of roads, footpaths and carparks can prolong the life of bitumen by
up to 2-3 times (Moore 2016), which can save millions of dollars in re-surfacing costs for a tree-lined suburban
street or a well-shaded shopping centre car park (Table 4). The shade also reduces the UHI, improves driver
humour on a hot day and keeps cars cooler while people shop (Wolf 2003; Watson 2007). The presence of trees
in shopping centres encourages more shoppers, particularly in the warmer months of the year and so retailers
should be wary of demanding more car parks at the cost of street trees as their businesses can suffer (Wolf
2003). It is a simple and easy step to plant trees and provide shade and the benefits can keep coming for a
century or more.
Trees around homes and buildings can act as insulators. Deciduous trees planted in the right places can allow
winter access to sun and light and provide proper shade and cooling in summer. It is well-known that trees can
cool homes by up to 6°C during warm weather, but they can also keep gardens around homes warmer during
winter frosts. While trees have been found to keep temperatures cooler in winter in studies undertaken in the
northern hemisphere, which is a negative impact of trees and adds to household costs (i-Tree Eco n.d),
anecdotally it is observed that treed gardens around homes in rural Australia are often unaffected by frosts
which damage surrounding paddocks. Trees can contribute to a general warming of up to 1°C during winter
nights. There is a need for Australian research on this topic, as it affects the accuracy of the calculations of the
value of ecosystems services provided by trees in programs such as i-Tree.
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Table 4. Benefits of tree-shaded shopping centre car parks.
Benefits for shopping centres owners
Attract new shoppers who value their cars will be
protected from sun damage/heat
Maintaining shopper loyalty

Environmental benefits
Reduced stormwater runoff if roots systems have
access to water
Reduced levels of pollution

Keeping shoppers at the centre longer

Carbon sequestered

Increasing the street appeal of the centre

Lower urban heat island effects (UHI)

Decreasing tenant vacancies

Improved air quality

Willingness to spend more for products

Extended life of bitumen

More frequent shopping visits

Moderation/reduction of wind speeds

Extended life of bitumen

Reduced vehicle hydrocarbons emissions

Heatwaves are the biggest killers of people of all natural disasters. In the Victorian black Saturday fires of 2009,
173 people were tragically killed in the fires, but 374 people died of heat-related causes during the heatwave
surrounding that Saturday. Hundreds of people have died in heatwaves since and the easiest, least costly and
most sustainable way of cooling cities and towns is by increasing the green space and tree canopy, but it is not
being done.
During the summer of 2019-20 as bushfires raged in many parts of Australia, several cities experienced high
levels of particulate matter (PM) pollution from the resulting smoke. It came as a surprise to many Australians
that cities, such as Sydney, Melbourne and Canberra had for several consecutive days the world’s poorest air
quality. Trees are important contributors to improved urban air quality by filtering chemical and PM pollution
from the air (Moore 2017). Both deciduous and evergreen species make their contribution, which is often
overlooked when people are considering benefits provided by urban trees. How often does the much-criticised
London plane (Platanus x acerfolia) get recognition for its capacity to remove PM from air? The tree can cause
irritation at certain times of the year, usually for short periods, but is this cost justified in terms of the benefits
that the species provides?
As it gets hotter, there will be an increase in extremely hot days; a doubling in days above 40°C in some cities.
Air conditioners will be increasingly used just to make homes liveable. This not only increases our electricity
consumption, but in most places expands our carbon footprint. With electricity prices soaring, it also adds
significantly to family fuel bills. Two medium-sized trees (8-10m tall) strategically placed to the north and/or
north-west of you home can reduce the temperature inside your home by several degrees and save you in excess
of AUD$200 per year from your air conditioning/electricity bill. Incidentally, they will also sequester carbon and
extend the life of the paint on your external walls.

COVID-19 LESSONS FOR CLIMATE CHANGE
It has been fascinating to watch the use of public open space during the various stages of Covid-19 lockdowns.
The lockdowns precipitated significant public and high level political or bureaucratic concerns about peoples’
physical health, their capacity for coping with the stressful situation in which many found themselves and the
increased risks of self harm and domestic violence (James et al. 2016). There were also concerns about the
learning environments for students at all levels of education and the potential development issues for preschoolers. The crisis also focused a critical light on aged care facilities, where the importance of plants and trees
in improving the quality and lengthening the stay for residents is well known – so well known that it has been
used as a piece of black humour in public talks for some audiences for over a quarter of a century (Table 5).If
ever there was a time when the importance of treed public open space for human mental and physical health
and general well-being came to the fore this was it.
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Table 5. Trees, business models and choosing an aged care or retirement facility.

Setting
the scene

In a meeting room or public hall. A talk is to be given on The value of Trees, The trees in
your garden or perhaps How to look after your Trees. There is an audience or between
20 and 70: a majority are women and many are over 60 years of age. The audience is
asked if they would like some tree related advice in choosing a retirement village or
aged care facility. They are warned that there is a bit of black humour coming their way,
but they always indicate that they are keen to continue
If you family takes you to inspect a prospective retirement village or aged care facility
look for the trees as there are three scenarios to consider:

Telling
the story

The result

1) The first facility is all brick, tiles and carpet, but not a tree in sight. This facility
runs on a rapid through put business model as they know that folks don’t last
long in a place without trees. They make their profit by a rapid turnover of
residents. Unless you have a death wish, get out of there as fast as you can.
2) The second facility is not quite so flash but the trees and gardens are great.
This facility makes its profit through the long term occupancy of residents and
they know that their trees and gardens improve the longevity and quality of
life of their residents. You can add this one to your list for consideration.
3) The third facility is the same as the second, but when you get there, the
chainsaws are running and they are removing trees and digging up the gardens
for their building expansion program. Clearly, they have changed their business
model so make a dash for it!
The audience chuckle, there is a little unease, but the point is made that trees are vital
to human health and well-being

With active recreation postponed, passive recreation by walking, jogging and cycling became the major physical
activity with local parks and walking tracks packed. However, not every suburb or every region is well served by
treed open space. It is well-known that the most impoverished sectors of societies are the most disadvantaged
in their access to and use of treed open space, which in turn is associated with problems such as obesity, poor
physical and mental health and social disadvantage (De Vries et al. 2003; Gies 2006; Maas et al. 2006; MacIntyre
et al. 2008; Butler 2016; Braubach et al. 2017; Lamb et al. 2019). During Covid-19 lockdowns, it is highly likely
that the most disadvantaged members of the community were further disadvantaged and subjected to higher
levels of stress, because of a lack of accessible treed open space. There is evidence that greater health benefits
may accrue to disadvantaged sectors of communities from the provision and use of treed open space and that
its provision could be a mechanism for addressing social inequality (Gies 2006; Braubach et al. 2017: Moore
2020b).
It is also worth noting that the provision of treed open space meets some basic human physical, mental and
psychological health needs that have their origins in the impact of locomotion on human evolutionary
development (Lewis 2010; Wilkinson 2016). Navigating through a large and connected greenspace engages
many senses –sight, hearing, smell, and perhaps taste and touch - at once, which activates various parts of the
brain and hones a suite of spatial problem solving skills. Finding your way requires purpose, planning and
patience as well as a knowledge of the space and perhaps memory if you have travelled there before. Such an
activity is multi-tasking par excellence, but can only be achieved in a large and biologically complex space. All of
these experiences facilitate full human development from infancy to adulthood (Lewis 2010). There are also the
possibilities of activities that place such a demand on people that the brains’ many dopamine secreting neurones
are stimulated impacting on motivation, attention and persistence (Wilkinson 2016).
There are lessons to be learnt from the use of streets and public open space for passive recreation during the
Covid-19 pandemic. The lockdowns commenced during early autumn, but what would have happened if they
had occurred during summer (or continue into the summer of 2020-1)?
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The importance of trees in providing shade would have been greater over summer months and while there may
be sufficient in some parks and linear reserves can the same be said of suburban and urban streets? Anything
which leads to a reduction in canopy cover may come at a price which involves greater risks of skin cancer and
melanoma or a reduction in recreational activity with all of its associated health risks. What this reveals is the
need to have a more thorough, or perhaps realistic, cost:benefit analysis in terms or retaining and increasing
canopy cover and those factors driving its reduction.
Public open spaces have served their purpose admirably during Covid-19 lockdowns and given the opportunity
and with proper planning they will do so again in enabling cities to cope with climate change. However, if cities
and suburbs keep losing open space, green space and canopy cover then their capacity will be restricted and
society as a whole will be the loser. There is also genuine concern that in the tight economic circumstances that
will follow Covid-19, one of the first areas to be subjected to expenditure reduction will be parks, gardens and
greenspace. The reason for voicing such a fear is because there is a history of such cuts in the past by those who
do not understand the value of green infrastructure. By raising an alert now, perhaps such a short-sighted
outcome can be avoided.

Town or country, climate change is the same: Trees are essential
In rural and regional Australia, planning and planting on a regional level can be as effective as increasing tree
canopy cover in a city in mitigating some of the worst effects of climate change. The impacts of stronger winds
can be reduced and the value of shade enhanced by the preservation of remnant vegetation and by revegetating
less productive land. Planting along creeks and rivers can lower water temperatures, facilitate the success of
native fish, which are highly temperature sensitive and reduce silting of creeks and catchments by minimising
the erosion of river banks. There are benefits too from a greater canopy cover for increased farm production
and reduced windblown soil erosion during drought. Planting trees along waterways can slow flood water fronts
and reduce erosion, provided there is sufficient room for a widened flood front so that there is not increase in
flood damage.
In both urban and rural Australia, while in many places annual rainfall will diminish, when it does rain, the rainfall
events will be heavier increasing the risk of localised flash flooding and erosion. Current stormwater systems
and pipes in cities and larger regional centres will not be large enough to accommodate these volumes of
stormwater run-off, and the cost of retro-fitting larger pipes is prohibitive. Trees are a great way of mitigating
the likelihood of flash flooding as they can hold over 40% of the rain water in their canopies for a time (i-Tree
Eco nd; Livesley et al. 2014). Depending on the weather conditions some of this water will never reach the
ground but even if it does, it is dispersed over a longer period of time and drains may be able to cope.
Furthermore, if the rainfall can access soils where tree are growing, roots can take up the water and also be part
of bio-filtration systems that remove pollutants (Denman 2015). For trees growing on both private and public
land to be effective impermeable surfaces such as roads, footpaths and curbing may have to be redesigned to
allow the water to get to the tree. This requires a reduction in impermeable surfaces, and reinforces the
importance of permeable paving in urban landscapes (Johnson et al. 2019). Some local councils have already
installed systems to intercept stormwater and direct it to tree pits and trialled porous pavements, but many
have not and the costs of flood damage and erosion can be enormous.
If you are fond of stone fruit, what happens if the cold winters needed for full and efficient stone fruit production
and ripening are lost as weather warms? Have growers considered this possibility and commenced growing
some of the many alternatives available to them which would minimise personal and societal economic losses.
This need not be calamitous change as the range of potential commercially viable alternatives is quite wide. If
agricultural and horticultural practices have to change as the climate does, and they will certainly have to change
in many parts of Australia, having long lead times will reduce the extent of industry disruption. The notion that
doing nothing about climate change doesn’t cost individuals or society is simply nonsense.
In relation to bushfires, there have long been predictions of earlier fire seasons, more intense fires, winds
bringing fire from different directions and bushfires occurring in places where they hadn’t in the past, such as
peri-urban parts of major towns and cities. The political response to the 2019-20 fire season is both disappointing
and concerning. The fires were described as unprecedented, but this is not the case. There have been many
precedents – some this century, but also during the 1900s and 1800s. By describing them as unprecedented, the
implication is that they are rare, unusual or worse than normal, but such fires will happen again.
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In the aftermath of these fires tens of thousands of trees were felled. Some of the felling was simple opportunism
– trees were removed to reduce future maintenance and inspection costs or to access the timber. Some trees
were removed because of often unfounded fears that they might represent a future risk frequently without any
arboricultural input to such decisions or proper tree risk assessments. In almost all cases the trees were not
considered to have any economic value and there was no consideration of the loss of the ecological or
environmental services that they were providing.
The political grasping for a simple solution to the bushfires has seen prescribed/control/cool burns linked to
indigenous land management practices promulgated as a remedy. These practices have a role in future fire
management but they are not a panacea and to think that they are presents some serious problems. Widespread
use of cools burns puts ecosystem integrity and biodiversity at risk, but it may have a significant role at interfaces
between natural ecosystems and human settlement. As early as the Ash Wednesday fires of 1983, it was learnt
that forests that had been prescribed burnt carried crown fires just as unburnt forest did.
Managed burns should only be done on the basis of well-research ecosystem impacts and not by political or
bureaucratic prescription. Research must inform whether acceptable fire management regimes of the past are
still relevant today as climate changes and present new environmental circumstances. As the opportunities for
undertaking managed burns diminish due to climate change, it must be understood that such burns are costly,
resource intensive and that it may not be possible to carry out a prescriptive regime in some years due to
weather or resource restrictions.
At an arboricultural level, there are some simple things that can be done. Make sure that property owners have
a fire plan and that they take some of the simple steps to protect homes and other buildings. Clean gutters, have
good gutter guards, consider the appropriateness of wooden decking and install fire resistant windows, doors
and fly screens. Fire proof your property as much as possible so that if you evacuate, the buildings have a good
chance of surviving the fire. All of these things can be done at the time of construction or over years as part of
regular home maintenance, but can be costly if you do them all at once.
Trees and plants also have to be considered as part of you fire plan. In bushfire prone regions of Australia having
a fire smart garden is essential. Such a garden reduces fire related risk as some plants will slow the spread of fire
and act as excellent ember screens. Something as simple as raking your garden around your house to keep
potential fuel away from walls and doors, especially if you have mulched beds, can make a difference to the risk
of fire damage, but you have to think of doing it and put it in your fire plan.

Trees, utilities and climate change
Among the recommendations of the Royal Commission into the Victorian, Black Saturday bushfires was the
suggestion that utility services should be underground. It was one of the very few recommendations that the
government of the day rejected on the basis that it was too costly to implement. But was it really too expensive?
If you look at the cost of installation and maintenance over many years, underground systems would be cheaper.
The problem in some states is that distribution companies pay for installation and land owners and local councils
pay for maintenance and there is no incentive for either party to come together to look for the cheapest long
term option. So Australia is left with an ageing above-ground utility infrastructure that is unlikely to cope with
climate change
With bushfires, stronger winds, and flooding all likely to increase, it is probable that the nation cannot afford
not to go underground. The incentives for underground services in the wake of bushfires and more regular storm
damage and outages would seem over-whelmingly strong, but it is not being done. Indeed the usual response
to a natural disaster is to replace the utility infrastructure with the same or similar system that existed before
the event learning little from the experience. Instead of making changes to utility infrastructure over a period of
40-50 years at relatively low cost as an aging infrastructure was renewed, it will be done in response to a
calamity. After all 20-30 of the years over which climate change scientists gave us warnings to prepare for climate
change have already gone.
If utility services were placed underground, home owners and local councils will save the cost of pruning trees
to provide clearance of cables and other infrastructure.
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These costs alone amount to hundreds of millions of dollars per annum, but removing the need to prune will
also preserve the carbon fixed in the tree canopies and increase the shade and other environmental benefits
and services that larger trees provide. In many states, electricity generation adds to the carbon footprint of every
citizen and it is ironic that line clearing then compounds things by regularly pruning trees that might offset that
carbon production.

Conclusion
For those not interested in the ideology and point-scoring associated with climate change, there are many things
that can be done to ease both frustration at inaction and disappointment at political reaction. The stakes are
high economically as well as environmentally for if the roles of public greenspace and the urban forest are not
understood and appreciated politically, the consequences for human health and well-being will be profound and
the cost to society will be massive.
For those involved in managing trees, who are dispirited by the loss of canopy cover and the slowness of
recognition of the essential importance of the urban forest, persistence will bring its reward for there is no viable
or sustainable alternative. Cities must have open space and trees if they are to be liveable and sustainable! The
uncertainty is whether they have them now as part of proactive action in anticipation of climate change at
moderate cost or later in response to the demanding consequences of climate change at far greater cost. When
they are asked what can be done about climate change, surely the response must be: “If arborists and urban
forester don’t, won’t or can’t make a difference then who can?”
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AUSTRALIA’S AVENUES OF HONOUR: A NEGLECTED STORY
Preamble
Australia’s Avenues of Honour to the Great War, have both national and international significance While they give us a graphic visualisation of death toll - some 60,000, they are much more than this.
They tell of the:
1.

Neglect of memorials – loss/change of values? From personal/communal to government.

2.

The social and landscape imperatives that called them into being?

3.

The political imperatives leading to such plantings instead of built memorials.

Introduction
As early as 1892, H. A. James, prominent Sydney horticulturist and garden-writer, took the capital cities to task
for having no avenues such as those at Ballarat in Victoria. 1 The story of horticulture, the landscape, gardens
or forestry cannot shed its social/historical character. A fundamentalist unhistorical attitude towards them, one
consisting exclusively as a self- contained science-based genre is a flawed, biased view that compromises the
worth of forestry, of amenity horticulture and landscape design. In sharing my quest today I trust you will take
away and pursue aspects of that quest in your own spheres of influence.
In reviewing the social story of Australia’s approximately 400 Avenues of Honour, especially those created during
the Great War, we will briefly touch on what initially brought them into being in preference to sculptured or
built memorials.
These avenues were created in most cases for those who volunteered from their respective communities not
specifically for those killed in the Great War as often presented. 2 Today, the original memorial trees are the
best known sole surviving living witnesses to how Australians memorialised their heroes and to what happened
in their communities during the the War; as such they are a most important cultural heritage.
Often there was a rationalisation whereby it was decided to memorialise only those who died as at Richmond in
Victoria where, if all the local volunteers were represented an avenue of over 5000 trees would be needed.
Finding a place for such an avenue was impracticable so the trees were planted to the memory of Richmond's
fallen heroes. The resultant avenue along the riverside was swept aside for Tollway development in the late 20th
century.
Over the past twenty-five years my method of research into the avenues of honour has been through archived
minutes, letters private, published and archived, as well as newspaper reports, unpublished theses and
published works with on-site follow ups where possible. I believe the late Professor Ken Inglis’s interpretation
and dismissal of the avenues of honour as a novelty was a major misunderstanding and misreading of the history,
both of the avenues and of their place in wartime and beyond. 3 The Walwa avenue Nth East Victoria, planted
at the sports ground emphasises the community importance of the town’s memorial trees.
Background of avenues as memorials
Colonists in Australia did not have a tradition of erecting monuments to great men or women. Over twenty years
ago Inglis found that by 1900 across Australia there were only twenty to thirty monuments honouring people. 4
So when the new nation was formed there was no embedded monumental tradition, however there were earlier
memorial avenues and visiting dignitaries were often invited to plant a tree in honour of their visit. The various
colonies had valued trees such as the Separation Tree, Melbourne, the Proclamation Tree in South Australia and
the Tree of Knowledge in Queensland.
In Melbourne The Corroboree Tree is particularly significant, as it is a much older link in the chain of Australia’s
culture of tree planting, arboreal preservation, wartime, monumental and cultural heritage. I believe that there
is some evidence that the sacred trees of aboriginal Australians influenced this situation through Melbourne’s
Corroboree Tree as well as from the currency lads and lasses in New South Wales who spent time with the native
peoples in the late eighteenth and early nineteenth centuries.
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Similar influences would have come through the many liaisons between Europeans with aboriginal partners,
their children and grandchildren time over distance. (Anyone who has viewed the episode of ‘Who do You Think
You Are’ relating to Ray Martin’s aboriginal forebears will understand where I am coming from with this analogy).
The factors leading to the creation of our avenues of honour were complex and interconnected. Apart from the
impetus of the war there were four other key factors that brought Australia to the creation of these war
memorials: Federation, Arbour Day, roadway beautification and distance.
Federation
The colonies were competing on many fronts but with the federation movement there came an excitement and
sense of unity that culminated in the act of federation in 1901. This desire to share common aspirations would
not have happened prior to that movement and its success. South Australia’s efforts at leasing its Northern
Territory to Japanese interests in the 1860s is a perfect example of the degree of independence and disinterest
in each other the Australasian colonies had despite their common links. 5
The Great War generated a new ritual of public commemoration in this Australia that previously had little
collective, unified or truly national memory. Each of the former colonies, when it became a state within the
Commonwealth, continued to retain its own sense of sovereignty through having its own governor to represent
the monarch. We see this also in the naming of institutions such as the National Gallery Victoria, and even 20
years after Federation, Melbourne’s Shrine of Remembrance as the National Shrine. The initial location of the
Governor-General in Melbourne, while a temporary arrangement, helped Victorians hold on to their nationalist
mindset well into the Commonwealth era.
So while a new political and cultural landscape was emerging so too was a new physical landscape. An avenue
of honour is a landscape shaped by community, a landscape that in turn shaped that community into the future.
This cultural landscape may have had a short-term or longer-term future, but it did shape communities as much
as its creators shaped the avenue just as federation started shaping the communal mindset.
Arbour Day
The Arbour Day practice was introduced to Australia following Stephen Cureton’s testimony before the Victorian
Royal Commission into Vegetable Products in 1886. 6 In his testimony Cureton, agent and deputy for the Chaffey
brothers’ Australian Irrigation Colonies spoke of such days in the USA, telling of how it was customary there to
plant trees. Following this, a great deal of attention by the South Australian Agricultural Bureau and similar
bodies in the other colonies focussed on the story of Arbor Day as developed from Nebraska in 1872. 7
Almost two years after Cureton’s testimony, arbour days were introduced here, initially in South Australia and
Victoria. These were the two colonies that had been most immediately influenced by the Chaffey brothers work
in Australia. So from 1890 we had a de-facto national focus on tree planting, re-afforestation and the like.
However by 1914 the impetus of Arbour Day was flagging and the Victorian Education Gazette and Teachers Aid
lamented this decline. 8 Education leaders in South Australia, Victoria and New South Wales were certainly
worrying about the decline in interest in arbour day as were community leaders looking to beautify their towns.
Given South Australia’s strong Arbor Day tradition it is not surprising to find that a son of a pioneer overlander
from Sydney to Encounter Bay in 1851 should plant the first Avenue of Honour in Australia to those who
volunteered to serve in the Great War. In May 1915 Robert Clark followed up earlier planting efforts at
Normanville by having the main street planted with Moreton Bay Figs at his own expense. 9 Each tree was
labelled with the names of local volunteers. This was the world’s first true Avenue of Honour although the name
was not coined for Australia’s marked trees in such memorial avenues for another two years.
Clark’s efforts were reported in the Adelaide and South Australian regional press as well as in Victoria with the
result that almost immediately his efforts were given a government imprimatur when a few weeks later the
South Australian premier, Mr Vaughan, appealed for other centres to also undertake tree planting to perpetuate
the memory of the volunteer soldiers suggesting that the government could help finance such efforts. 10
Other avenues, groves and memorial plantings followed in rapid succession at Brighton, Blythe, Lobethal, Mt
Lofty, Renmark, Pinaroo, Willunga, Houghton, Victor Harbor, and others. In Western Victoria, reporting on the
Normanville memorial avenue emphasised that Clark had met all costs. This was soon followed by plantings in
western Victoria and within the year avenue plantings and proposals were underway across that state.
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Switching quickly to New South Wales much of the promotion can be attributed to Mr Donald Fraser an Inspector
of Schools there. In 1916 Fraser called for memorial avenues to be planted as Anzac Avenues. 11 He lobbied hard
and wrote to politicians and community groups throughout New South Wales as well as publishing his ideas in
newspapers across the state under the pseudonym of “Jimmy Pannikin”. He also communicated his ideas
interstate. His appeal was adopted by Frank Tate, Victoria’s Director of Education and promoted vigorously
through the State Education Department. 12 In South Australia he addressed the parliament supporting the
earlier push by government after the Normanville initiative in 1915. 13
Distance and Beautification.
Australian communities had coped with the demands of distance for over a century before being caught up in
this war. In that time vast territories had been traversed and wide three chain reserves stretched across the
country for travelling stock and people. Towns had grown up around these wide verges and many communities
were only too aware of the need to ameliorate the effect on their senses of the visual expanse and to counteract
the dust created in dry weather. By planting trees alongside the former stock routes both these problems could
be tackled.
Back in 1913 councillor Clark at Yankalilla in South Australia was involved in local beautification efforts and led
moves for planting trees at Jetty Rd Normanville. 14 Across in Victoria and NSW similar plantings were being
undertaken as part of roadside beautification. As demonstrated at Normanville, Gundagai, Seymour, Glenlyon,
Meredith, Inverleigh and elsewhere beautification was often brought into the arguments in support of Arbour
Day and this translated later into similar arguments for the avenues of honour.
Victorians tend to bow to Edna Walling as the first to do this but she was well down the track. Important though
she was, the ANA, Arbour Day bodies and Education authorities as mentioned, had already been doing this long
before. Not only within and between the Australian towns was distance consequential but that between
Australia and the rest of the European world. This distance from ‘civilisation’ as they saw it, meant that
Australians were free to develop their own form of memorialisation and this was with memorial trees and the
Avenues of Honour that sprang up across the country.
War and Politics
By 1914 the Education Departments, the ANA and many Arbor Day committees had been worried by a fall off of
interest in the Arbour Day Movement until the War brought about a new focus and breathed life back into it.
The War Precautions Act 1914 carried the most contested regulations and series of legislative moves that
ultimately surrounded the conscription issue. But for all the focus on such regulations and actions, little regard
has been given to those whereby no war memorials costing in excess of £10-0-0 were allowed to be erected and
then only with government permission. This provision under the Act came about in a new country with no federal
power to implement it, one where most of the population was rural with a high proportion of small business,
self-employment and suffering a rural depression.
The impact of the Great War and the following epidemic and Great Depression decimated this rural population
and also brought about the shift in Australia from a nation of small businesses to a nation that ever after
devolved its energy to bigger businesses and bigger government and bigger capital cities which A. D. Hope coined
as ‘five teeming sores’. But between the major centres now growing at the cost of that rural population the
linking roads were in a parlous state after over a century serving as bullock tracks and droving routes.
While government aimed to control spending by curtailing ‘waste’ on memorials, the Avenue of Honor Secretary
from Rupanyup Victoria wrote to the City of Ballaarat in 1917 to thank that council for starting what was the
popular choice of War Memorial throughout the nation. Through this and other correspondence, we see that
these avenues were perceived as a national form of war memorial. It also highlights an attitude of mind in the
Australian psyche that looked to ways around government regulations and places the sensitivities of people as
more important than regulations. It is arguable that we may have lost this independent streak in the twentyfirst century.
A stand-out feature of the avenues of honour to the Great War was that within the first year of that War their
creation commenced in Australia, a young nation far from the European war fronts; for that time a unique form
of national memorialisation. Also, as mentioned these memorial avenues were being created not specifically for
those killed in the Great War but mostly, for those who volunteered from their respective communities.
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The original trees are the sole surviving living witnesses to what happened in Australian communities during that
war. This is an important issue in the psyche of people when we mark a tree as diseased, old and dangerous or
whatever, when we single it out to be removed or replaced.
Good arboriculture practice and safety issues come into play, but too often we fail to involve those who have
had generational links to the trees or a particular tree, and they need to be included to some degree in the
decision making. My own family had a tree planted in Monash Avenue, the Ballarat North Avenue of Honour.
That tree was removed in 2006 without ceremony or community involvement as all the plaques had been
removed over half a century earlier and a new bureaucracy lacked any interest or historical knowledge
(corporate memory) that it had in fact ever been a memorial tree. This was the only memorial in the town to
this native son, whose family was still in the town and had always been involved in community activities, and is
even represented in the national POW memorial.
I
include this as it is the case across many communities where I have been involved in avenues being re-instated
that had been forgotten even in some cases by local historical societies. Often also a new avenue is planted in a
different situation despite the original avenue of trees surviving. Then there are those avenues remaining where
the towns have long gone.
Demographic changes over the decades plus war, land management practices, transport and disease and we
have lost track- lost sight of an important original concept, to perpetuate life with a living monument. So! Do
we look to a living monument or even plant monumental trees or put a plaque on a rock and forget about it
after twenty years have passed, or in total rejection of the beliefs that engendered the avenues just carve the
dead wood into a statue?

A national movement.
Around rural Australia, quiet, loyal memories were created to local volunteer heroes so that over the
generations communities would have a real, living, hands-on memorial that would demand active involvement
in terms of care and maintenance and subsequently active remembrance. It was this wide community
involvement and interest that kept Ballarat’s major avenue memorial activities in the public eye far and wide for
over a century. In February 1917 Amphitheatre, Seymour and at Ballarat’s Newington ANA avenues of honour
were being proposed. Following the Newington discussions, their delegate, a local policeman, took the proposal
to the Ballarat Progress Association’s Arbour Day meeting in April of that year. 15
The proposal was taken on board by Mr Edward Price of Lucas and Co a Ballarat white-wear (lingerie) factory,
and it was under his leadership that the legend we know today was driven and fostered. He it was that claimed
his sales director Mrs Tilly Thomson brought the idea back from Mt Lofty in South Australia despite others in the
city having been proposed earlier and others nearby already started. The legend of Ballarat’s Avenue of Honour
has come down through the Lucas story and is reasonably well known and it was this avenue that took the
concept to Australia and to the world.
I have already mentioned the early moves to create these memorial avenues in South Australia and that Victoria
and New South Wales started planting theirs. In 1915 at Warrion near Colac and Lal Lal near Ballarat,
communities started planting avenues that like many others were added to throughout the war and later.
Following the Victorian Education Department’s promotion of the planting of Anzac Avenues for Arbor Day 1916
they were being planted and/or proposed at Smeaton, Ballarat North, Sassafras, Eurack, Amphitheatre and
Seymour. In New South Wales Narrabri, Gundagai and Laurieton had also started, so that we find three states
had early taken up the call.
With the first anniversary of the Gallipoli landings, Narrabri and Gundagai planted their Anzac Avenues in April
and May of 1916. However, despite these and South Australia’s early lead, it was the Ballarat Avenue of Honour
in 1917 that caught the nation’s imagination. Following aggressive corporate promotion of this avenue from the
Lucas advertising machine the concept of an Avenue of Honour became fixed in the minds of people and
municipalities across the nation. Lucas’s campaign, a sort of product placement, put avenues of honour on the
map.
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Letters and telegrams flowed into Ballarat from other cities, Melbourne, Sydney, Adelaide, Hobart, Perth and
lesser municipalities and organisations right up through Queensland. Following a flow of correspondence
between Hobart and Ballarat the City of Hobart sent Mr L. J. Lipscombe, their superintendent of reserves and
assistant engineer, W. J. Rait to Ballarat to inspect the memorial avenues and take their findings back home.
Ballarat promotions and the Lucas organisation press releases ensured that the story, their story, was relayed
to newspapers across the country. Added to the copious correspondence between municipalities and others,
the newspapers from 1917 helped spread word of avenue plantings. By the end of 1917 every state had avenues
of honour from North Queensland to Western Australia and Tasmania.
I have already mentioned Donald Fraser, alias ‘Jimmy Pannikin’ a New South Wales Inspector of schools, who
had letters published in newspapers across New South Wales and interstate. This in turn brought Frank Tate and
the Victorian Education Department on board in advocating for the avenues. 16 Another catalyst in this
proliferation of avenues of honour under whatever names they might have variously been called came from a
letter sent to all councils in the state by the Victorian Recruitment Committee in 1917 this was also published in
newspapers, citing not only the Ballarat example but others. 17
Despite more recent claims of lack of foresight in the selection of cultivars, letters between horticulturalists,
departments and councils indicate that, like the Hobart example, wide consultations were often undertaken in
this regard. In New South Wales the council at Murwillumbah wrote to J. H. Maiden, director of the Sydney
Botanical Gardens for advice on the selection of trees for their avenue, “aware that the success of the avenue
depended on the suitability of the trees”. 18
In Victoria the Department of Agriculture advised on the choice of Cypress Cupressus macrocarpa following the
loss of the earlier Plane Trees Platanus at Queenscliff. Similarly at Rupanyup, Corryong, and elsewhere
proponents sought advice from horticultural specialists on the choice of trees taking into account location, soil
and climate. 19
In terms of the past, Inga Clendinnen wrote that “in human affairs there is never a single narrative” and this is
certainly true of our Avenues of Honour. One of the secondary aims of my research was to raise the question
of the legitimacy of Australia’s avenues of honour, and importance as a landscape, memorial and cultural record
of a post-colonial society. It also tests this legitimacy against what has been set to one side by military historians,
social historians, politicians and often even garden history advocates.
By the end of the Great War avenues of honour had been created in all states with over 200 in Victoria,
approximately 50 in South Australia and 100 in NSW and smaller numbers across the remaining states. Across
this young nation there were at least 400 avenues created before the end of the Great War with more planted
into the 1920s and 30s. Today the avenue of honour is accepted as an Australian national cultural form of
memorialisation.
Transnational Brief.
As early as 1918 Ballarat’s Edward Price boasted that the idea “had been adopted overseas”. Australia’s Avenues
of Honour were used in promoting the concept of memorial avenues in England, Canada, the USA and New
Zealand. Ultimately Italy legislated their adoption in that country having gained the idea from Canada which, as
mentioned was a flow on from Australian initiatives and promotions.
On this basis I believe Australia’s avenues of honour to the Great War are internationally significant and need
heritage protection from the greatest to the least. In Yorkshire the Leeds Mercury promoted the Australian
introduction of this form of memorial with the Ballarat story and the planting of the first tree in a Melbourne
avenue by Prime Minister Billy Hughes. Other examples appeared in newspapers across Britain the USA, Canada
and New Zealand.
Two former South Australian leaders were pivotal founding committee members of Britain’s Roads of
Remembrance Association in 1919. The paper trail from Australia has led to all these countries and I show a few
of their avenues by way of example. The image of the sad demise of the avenue at Mortchup in Victoria is one
repeated in all the countries mentioned and is, I believe, an indictment of how we have failed not only the World
War I communities and their heroes but how we have dismissed our own wonderful national and international
legacy.
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Many of the original trees are now 115 years old and despite the loss of these avenues with only about 400
remaining in Australia we are still choosing to remove too many without considering that the original living trees
are our only life form linked to their people and communities and indeed to ours. We are not alone as Italy has
only 6000 of its original 12,000 avenues remaining and other countries have similar stories. In the United States
of America some avenues fifty miles long have been sacrificed to modern motorways.
One is reminded of Orwell, “Who controls the past controls the future; Who controls the present controls the
past.” These surviving living memorials to the Great War whether in whole or part have much to tell us, but
have we the patience or wisdom to adequately assess all they have to pass on. In Australia their inspiration still
leads to newer memorials such as our Vietnam and Afghanistan avenues of honour. One hopes the decisions of
future generations are more considered than some in recent years.
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BUSHFIRES IN SOUTH EASTERN AUSTRALIA
A LOCAL ARBORIST’S PERSPECTIVE
Ben Kenyon
Homewood Consulting Pty Ltd

Abstract
The ‘Black Summer’ of 2020 pushed bushfires to the forefront of the Australian media and caught the full
attention of the Australian public. While COVID-19 currently holds the mantle, Summer will soon be here again
and, it is paramount that we are mindful of the experiences and lessons learnt.
This presentation is a recollection of my personal experiences dealing with bushfires as a consulting arborist.
Starting in 2006 with the Grampians bushfires, followed in 2009 with Black Saturday, 2014 the Mickleham Fire
and again this year in 2020 with the East Gippsland fires.
Injuries and deaths following a fire appear to be closely correlated with tree or large branch failures. In 2020
during the East Gippsland Fires, there were deaths and serious injuries as a direct result of branch and tree
failures, particularly within the fire crews.
Fire is a significant part of the Australian landscape and its frequency and ferocity is unlikely to reduce any time
soon. Through my experiences, it is apparent that our responses to bushfires are reactive and inconsistent.
•
•
•
•

•

Tree assessment following a fire has no benchmark or standardised process.
There are numerous and inconsistent labelling, flagging and paint marking systems which all lead to
confusion.
Completing the tree pruning and removal (primarily tree removal) is extremely difficult and dangerous
work, post fire
The comments received from other arborists and my own experience indicate that the use of heavy
logging equipment in East Gippsland in 2020 was very innovative and increased safety dramatically in
comparison to 2014, 2009 and 2006.
Personal experiences indicate that training in tree risk awareness varies dramatically in quality and
quantity between the various Emergency service personnel.

Recommendations for fire management/recovery in the future:
1.
2.
3.

4.

5.
6.

7.
8.
9.

Ensure that all emergency services undergo formal basic TREE RISK AWARENESS training
Ensure that Arboriculture as an area of expertise is present within the Incident Control Centres
Develop a standardised criteria for tree assessment at different times
a. First response – Emergency works or Emergency Access
b. Second response – Recovery works
Use 24 months as the inspection timeframe and focus on structural stability and strength rather than
tree health.
a. At the end of the 24-month inspection period a follow up assessment may be warranted to
account for trees that have not recovered adequately from fire damage.
b. Tree removal based on health alone prior to the 24-month timeframe is generally premature.
Utilise a recognised Tree Risk Methodology such as TRAQ
If using TRAQ, I recommend the following as a guide for action vs no action
a. Probability of failure = Possible, Probable or Imminent
b. Likelihood of Impact = Medium or High
c. Consequences of Failure = Significant or Severe
Implement a standardised system for works verification – Labelling
Initiate a change in public attitude to fire (we have a very different attitude to floods)
Engage the experts to help manage fire in the future – Fire Ecologists and Traditional Owners
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REAPING THE BENEFITS OF GREEN SPACE
Professor Thomas Astell-Burt1 and Associate Professor Xiaoqi Feng2
1Population
2School

Health and Environmental Data Science, University of Wollongong
of Public Health and Community Medicine, University of New South Wales

Abstract
Exciting times are afoot. There appears to be increasing recognition that contact with nature can yield a range
of health benefits. Major efforts are underway to improve access to discrete green spaces, as well as to increase
tree canopy cover, within many cities in Australia and around the world. Green space is being appreciated as an
important component of a liveable city and many of the underlying reasons are now widely known. Or are they?
Matters of contingency and evidence show how some groups are able to reap the benefits of green space more
than others. There are emerging ideas and evidence for hitherto unexplored pathways, linking green space and
health. There are possible avenues for future academic-industry research collaboration and coproduction
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URBAN HEAT MODELLING FOR DECISION MAKING
Dr Stephanie Jacobs
Mosaic Insights

Abstract
Understanding and mitigating urban heat has the potential to save lives as well as give other co-benefits such as
increased walkability, connectivity and liveability. The field of urban heat modelling has grown in recent years
to help with quantifying the urban cooling benefits from a range of measures such as street trees, irrigation,
green roofs, cool roofs and water bodies. Quantifying the cooling benefit allows people to make decisions
regarding tree placement, species selection and the built urban environment, to understand the economic
benefits, set tree canopy targets and inform the design process for new developments.

Introduction
Urban areas tend to have a different microclimate from rural areas. They are often hotter and drier due to a
phenomenon known as the urban heat island effect. Factors that contribute to the urban heat island effect
include (Figure 1) (Oke, 1987) :
•
•
•
•

Dense dark surfaces such as bitumen on roads and building materials absorb heat and then emit it
increasing the air temperature
Street geometries and building morphology can also contribute to local urban hot spots where a lack
of shade and high exposure to the sun can increase the heat accumulation in urban areas
A lack of vegetation and surface water reducing their shading and evaporative cooling effects
Heat from air conditioning units, traffic and people themselves

Australia is one of the most urbanised countries in the world with 86% of the population living in cities (World
Bank, 2019) and the urban heat island effect poses a danger to human health through raising the temperature
in cities, particularly during heatwaves. Heatwaves, known as the “silent killer”, have caused more fatalities in
Australia since 1890 than bushfires, floods, earthquakes, tropical cyclones and severe storms combined (Hughes
et al., 2016). This is due to often vulnerable people such as young children and the elderly suffering heat stress
and hyperthermia from elevated body temperatures, due to their poorer ability for thermoregulation.
Heatwaves in Australia are expected to become hotter, longer and more frequent (Cowan et al., 2014).
Therefore, the combination of the urban heat island and heatwaves raises the risk of deadly heat stress in cities
in the current and future climate (Fischer et al., 2012).
Microclimate modelling can be used to map urban heat across an area of interest, and to quantify the cooling
benefit of heat mitigating measures such as trees, irrigation and cool roofs. Modelling also enables the
quantification of human thermal stress, resulting in a holistic understanding of urban heat and its relationship
with human health. This paper demonstrates multiple case studies where heat modelling has helped decisionmaking to plan and design cooler cities from the lot to city scale.

Case studies
Amaravati, India
The planned and growing City of Amaravati in India is expected to be “a blue green happy city”. Heat modelling
was conducted for the city based on master plans and zoning specifications. Hot spots were identified across
the city while irrigation, street trees and green roofs were tested to see their effectiveness at mitigating heat
(Figure 1). This gave information into the effectiveness of the mitigation strategies and influenced the design of
the city.
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Figure 1. The modelled annual average air temperature in Amaravati (left), the temperature after the greening
scenario of irrigation, street trees and green roofs was applied (centre) and the master plan the heat modelling
was based on (right).

Proserpine, Queensland
Heat modelling was used to identify hot spots in the current and future climate of the town in Queensland
(Figure 2). This will help with targeted heat mitigation campaigns and will be used for a heat reduction feasibility
assessment.

Figure 2. The modelled air temperature for Proserpine on an extreme heat day in the current climate (left), in
2050 with a high emissions climate change scenario (centre) and 2090 with a high emissions climate change
scenario (right).

Minta Shadeway, Victoria
The Minta Shadeway maximises cooling for pedestrians by applying design principles that prioritises trees being
placed where they can reduce the amount of direct solar radiation: wide open streets, east-west streets, east
side of north-south streets, and north and west facing walls. Trees are planted in clusters to maximise the
reduction in TMRT while still allowing the land to cool at night as hot air rises through the gaps.
To determine which are the best trees to plant in the shadeway, we modelled seven species of deciduous trees
selected by a landscape architect for their cooling effect and assessed their water usage to determine which
would be most effective at improving human thermal comfort on hot days. The Quercus rubra was found to
produce high levels of cooling (Figure 3) while using minimal water.

Figure 3. The modelled mean radiant temperature for the Minta shadeway on an extreme heat day with no trees
(left), with the Quercus rubra planted on the shadeway (centre) and the difference between the scenarios (right).
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Cairnlea, Victoria
A new development is being designed in western Melbourne which aims to be a ‘cool suburb’. We modelled
nine different urban cooling scenarios testing various heat mitigation technologies such as cool roofs, cool
pavements (Figure 4), water fountains, irrigation and trees to determine which produce the most efficient
cooling in this designed landscape.

Figure 4. The modelled air temperature for the Cairnlea development on an extreme heat day (left), with cool
pavements along all footpaths and carparks (centre) and the difference between the scenarios including the
wind patterns (right).

South Creek, NSW
The new Western Parkland City in Sydney is designed to be ‘a city in its landscape’, restoring and regenerating
the natural ecological and water systems. The intention is to go beyond a business-as-usual approach with
innovative and flexible solutions that manage urban heat and water concerns.
Mosaic Insights reviewed the master plan for employment and residential precincts in South Creek and
quantified the cooling benefits of each (Figure 5). The master plan included growing more trees to create shade,
retaining water to irrigate grasslands, trees and rooftops, and reducing concrete surfaces.

Figure 5. The modelled air temperature for a business as usual residential precinct on an extreme heat day (left),
the master planned residential precinct (centre) and the difference between the scenarios (right).

Economic benefits, Victoria
The urban cooling benefits of various WSUD scenarios for a suburb in Melbourne were quantified and used as
inputs for an understanding of the economic benefits (Figure 6). The results showed that in the high WSUD
scenario households could save $1500 per year.
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Figure 6. The modelled air temperature for a business as usual residential area on a cool summers day (left), the
air temperature when significant amounts of WSUD infrastructure are incorporated into the landscape (centre)
and the difference between the scenarios (right).
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BEYOND BOUNDARIES: NEW SPATIAL ANALYSIS FOR EQUITABLE
AND RESILIENT GREENING
Karen Sweeney and Phillip Julian
City of Sydney Council

Abstract
The analysis and interpretation of spatial data has become an important aspect of urban forest practice and
management. Spatial boundaries divide land into manageable pieces. At the broader scale these may be local
government areas, suburbs or wards, and at the smaller scale they may distinguish roads from parks and private
lots. Urban foresters have typically used these boundaries and areas to summarise and present data related to
the trees they manage. However, trees exist throughout the urban landscape, and management issues such as
diversity, resilience, and equitable access extend across and override these artificial boundaries. New methods
for spatial analysis used by the City of Sydney are explained and demonstrated, with the results providing a view
beyond these boundaries, allowing greater insight, and better management of their urban forest for the entire
community.

Introduction
Spatial data and boundaries
Data is becoming increasingly important in every aspect of our lives, with a growing expectation for strategic
decisions to be based on meaningful analysis and interpretation of data. For professionals managing urban
forests it is no different. The ability to compile and interpret data is a core skill, essential for identifying and
reacting to current needs, and planning future action to address long term management issues. The success of
urban forestry programs also relies on our ability to present data and complex matters to the community, in
ways they can easily comprehend and relate to.
If you are managing a large population of trees you may have a variety of spatial datasets available to you. Two
common sources of data are aerial assessments of tree canopy cover and inventories of tree assets, with each
able to be used in different ways gain insight into the urban forest. Both of these data sources usually have a
spatial component, in that they are typically represented on maps as either areas or dot point coordinates.

Figure 1: Aerial assessment of canopy cover and tree inventories as examples of spatial data.
Source: City of Sydney Council.

Boundaries are also represented on maps, dividing land and data into manageable pieces. Boundaries are used
to define land for a variety of purposes or contexts, including governance and administrative, legal, or
environmental. They can provide a useful common basis for summarising and presenting all types of spatial data.
Urban foresters have typically used these boundaries, and the land areas they define, to summarise and present
data related to canopy cover or trees they manage. Boundaries also exist at a variety of different scales. At the
broader scale these may be, local government areas, catchments, suburbs or wards. At a smaller scale,
boundaries may distinguish roads from parks and private lots.
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Boundaries and scale
Within urban forest plans or strategies produced by local governments over the last 10-15 years it is typical to
find aerial assessments of canopy cover summarised to the suburb scale. For example, tables, charts or maps
are used to present the percentage canopy cover within each suburb or neighbourhood, as a subset of the
overall canopy cover for the entire local government area. While this is useful to portray large scale variations
in canopy cover over a large area, it does not accurately reflect the amount of tree canopy an individual has in
their local area. The percentage canopy cover is quoted for the suburb as a whole, with variations within suburbs
not presented. It’s possible for most canopy within a suburb to be concentrated within parkland, with very little
in the immediate area where people live or work. Similarly, if an individual lives close to a suburb boundary, they
may question which canopy cover data is most relevant to them? These issues and questions prompt the analysis
and summary of canopy cover data at smaller scales.
Mesh blocks are the smallest geographical area defined by the Australian Bureau of Statistics (ABS), with the
aim in urban areas for each to contain about 30 dwellings (Australian Bureau of Statistics, 2016). It is becoming
increasingly common for canopy cover to be analysed and presented at this scale. An example is the dataset
NSW Urban Vegetation Cover to Modified Mesh Block 2016 (NSW Department of Planning, Industry and
Environment, Figure 2). Data summarised at this smaller scale provides insight into canopy cover variability that
exists within and across suburb boundaries, and allows for canopy cover data to be easily compared and
contrasted with other socio-economic data available from the ABS. Mesh blocks also have disadvantages.
Boundaries of mesh blocks typically follow the centreline of roads, causing problems if you also wish to assess
the proportion of canopy provided by the street network or private properties as isolated land uses. There can
also be great variability in the size of mesh blocks in urban areas due to variabilities in land use and population
densities. This can make it difficult to compare all areas being assessed on a uniform like-for-like basis.

Figure 2: Sydney canopy cover per ABS mesh block. Accessed via online data platform: https://nsw.digitaltwin.terria.io/

There is also the option of presenting canopy cover at an even finer scale, such as per land parcel or lot. A USA
based consultancy (PlanIT Geo, 2020) produces maps for clients that indicate the canopy cover for individual
private lots (Figure 3). While this may help property owners to understand their relative contribution to overall
canopy cover, as for mesh blocks the variability in lot sizes can make it difficult for a uniform comparison
between areas.
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Figure 3: Example of canopy cover per land parcel. Source:
https://storymaps.arcgis.com/stories/7af8fdf671634f75bfcc17cb6c84c296

The above examples of spatial analysis, with land defined by administrative boundaries at a variety of scales,
represent the current conventional practices within urban forestry. The remainder of this paper will present new
options and examples of spatial analysis developed by the City of Sydney to look beyond these conventional
boundaries, to gain greater insight, and to manage for more equitable and resilient urban forest outcomes.

An alternative approach – the “Urban Tapestry” method
A heat map is a data visualisation technique used to display spatial data over a uniform matrix of coloured cells.
The cells are coloured to visualise aspects of the underlying data. The City of Sydney has adapted this general
technique into something we have called the Urban Tapestry (or perhaps “Tapestree”) method. The method
involves the establishment of a grid of uniformly spaced reference points spread across the entire local
government area. A 100 metre grid spacing was chosen to provide a total of 2659 reference points (Figure 4). At
each of the reference points, data is gathered from a buffer radius area surrounding it. The size of the buffer
radius is variable and may be customised to suit the type of data and purpose of the analysis being undertaken.
Data within each buffer area is analysed to produce summary statistics for each point location, with the
reference points coloured to visualise the results. Where reference points are located close to the boundary of
the local government area, the buffer areas may extend beyond our borders to consider the influence of the
neighbouring council area.

Figure 4: Grid of 2659 sample reference points overlaid across the City of Sydney local government area (left) and close up
to show 100 metre grid spacing (right)
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The technique provides a consistent but also flexible method to summarise and compare data uniformly across
an area, without any of the disadvantages associated with administrative boundaries and variations in the size
of land being assessed. It allows us to look beyond these artificial borders, to explore issues such as equitable
access to canopy cover or other greening, and the resilience of our urban forest.

Access to canopy cover for health benefits
Research published by Astell-Burt and Feng (2019) suggests that community health outcomes benefit from
higher levels of tree canopy cover within 1.6km of people’s homes. Applying this research to calculate the
percentage canopy cover within a 1.6km buffer radius of each of the sample points, we are able to visualise the
community’s access to canopy cover at this broad scale, and compare the benefits available to the community
at different points within our city area. The variable access to canopy can clearly be seen within the City of
Sydney (Figure 5), but analysis at this scale may be better visualised across broader regions or entire
metropolitan areas.

Figure 5: Access to canopy cover at the 1.6km buffer scale

The results are presented for points within our local government area only, but the analysis includes an
assessment of canopy cover beyond our borders where it falls within the 1.6km buffer areas, using publicly
available canopy cover data published by the NSW Department of Planning, Industry and Environment. The
urban forest does not end at our boundary, so it was important to assess the canopy cover that exists beyond
it, that our residents also have access to and may rely on.
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Figure 6: Example of canopy cover analysis results for a single sample point, showing data within the local government
boundary and beyond it.

Access to canopy cover for urban heat mitigation
Numerous research studies detail the benefits of tree canopy in mitigating urban heat. Work by Ziter et al (2019)
suggests that groups of trees that combine to provide greater than 40 per cent canopy cover, at the scale of a
city block, can reduce local ambient air temperature by more than 1.3oC. In order to apply this research, and to
visualise the community’s access to canopy at the smaller scale of a city block, a 100 metre buffer radius was
used in the canopy cover analysis. The results (Figure 7) provide a much finer-grain assessment of canopy cover
within local neighbourhoods and the immediate surrounds of where people may live or work. The effect of
different sized mesh blocks or land parcels is eliminated, allowing for a more equitable representation of canopy
cover across an entire area.

Figure 7: Access to canopy cover within 100m of each sample point.

The results are relatively easy for the community to interpret. They can be directed to their closest reference
data point based on their address to learn about the levels of canopy cover in their surrounding local area, and
identify areas that are likely to be hotter or cooler during extreme heat weather events.
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Applying the same analysis to historical canopy cover data provides insight into how access to canopy cover at
this scale has changed over time (Figure 8). The effects of specific planting projects can be observed and
compared to others. Increases and decreases in canopy cover can be visualised within suburbs and across suburb
boundaries. The analysis also demonstrates how the composition of the urban forest can change within
relatively short periods of time.

Figure 8: Access to tree canopy within a 100m buffer radius at 2008, 2013, and 2019. Specific examples of canopy cover
change are highlighted, and can be related to management issues or project outcomes.

Visualising diversity
Tree inventory data can also be analysed and presented using the Urban Tapestry method. Data typically
captured within tree inventories, such as species, tree size, and tree age, provides insight into the composition
of the trees under management. It also allows for detailed analysis of diversity in regards to each of these
parameters.
When assessing the diversity of an urban forest, it is recommended for the assessment to be conducted at the
neighbourhood level as well as across an entire municipality (Leff, 2016). If aiming for optimum tree diversity it
is recommended that at the neighbourhood level no single species to represent more than 10% of total tree
population; no genus more than 20%, and no family more than 30%. Applying this recommendation in a typical
way would usually result in data being summarised within the confines of neighbourhood or suburb boundaries.
But our suburbs are not all the same. They are of different sizes, and their boundaries may get in the way of
gaining insight into our tree population that would help us plan and manage for the future. The problems that
may arise from inadequate diversity (e.g. pest or disease outbreaks etc.) are not interrupted by suburb
boundaries, so the analysis of diversity should not be interrupted by these boundaries either. The Urban
Tapestry method allows for analysis of diversity at the recommended scale, but applied uniformly and
consistently across boundaries and throughout an area.
An 800m buffer radius was determined to be the scale equivalent to an average suburb or neighbourhood in the
City of Sydney. The City has a complete inventory of all trees within parks, streets, and City owned properties.
The analysis involved identifying all inventoried trees within the buffer area surrounding each of the 2659 sample
reference points across the entire LGA. A sum of the total number of trees was calculated, along with the sum
of the most common family, genus and species. Percentages were then calculated to represent diversity, with
each of the sample points coloured to reflect the result relative to the recommended limits. The results are
presented in Figure 9.
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Figure 9: City of Sydney diversity analysis results for family, genus, and species, as measured against the optimum
recommendations applied at the neighbourhood scale.

It can be observed that achieving the optimum recommended diversity is a challenge but not impossible. The
analysis highlights where the diversity problem areas are, those that are optimal, and those close to being
optimal.
The analysis also informs us of the exact nature of the problem. The results of the complete diversity analysis at
each reference point are available at the click of a button. The top ten most common family, genus and species
within the buffer area surrounding each point are displayed, along with their respective totals and percentages.
This data not only points out any problem, but can also assist with identifying species found in the local area
that are not adversely affecting diversity and may be suitable alternatives for planting.
The analysis has a live connection to the tree inventory, so as the tree population changes over time as a result
of routine inspections and planting, the diversity analysis and visual results are automatically updated. Tree age
or size diversity may be assessed and presented in similar ways.

Conclusion
We suggest a critical look at the influence of boundaries in the analysis of urban forest data, and encourage
practitioners to look beyond them when possible. The urban forest extends beyond these artificial borders, so
our analysis must also. Alternative approaches (such as those presented here) can assist in identifying challenges
and opportunities, and guide future action towards more equitable and resilient urban forest outcomes. They
may also assist with communicating these issues to the local community and help them to engage in urban forest
programs. These new approaches may also lead us to rethink how we measure success, with the potential for
future canopy cover targets to reflect a community’s access to canopy cover within a specific scale from where
they live.
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SPECIFIC AND ACHIEVABLE CANOPY TARGETS: HOW TO MODEL
YOUR CAPACITY FOR TREE CANOPY
Phillip Julian and Karen Sweeney
City of Sydney Council

Abstract
Targets are commonly used by urban foresters to advertise an appetite for increased tree canopy. To be credible
they must be achievable and specific to the environment they relate to. Not all cities are the same. The capacity
of a local government area to provide tree canopy is influenced by the land uses contained within it, and the
relative proportions of those land uses.
This paper explores data typically available to urban foresters and presents the site-based analysis and modelling
methods used by the City of Sydney to calculate the potential capacity of specific land uses to accommodate
tree canopy. It will also demonstrate how this analysis and modelling can be used to set canopy targets specific
to land use types, and how the results can be used to direct operational programs towards achieving such
targets.

Introduction
Urban local government areas differ in their capacity to accommodate tree canopy and greening. The relative
proportions of streets, parks, and other built or open spaces is a major influence on this capacity. Leff (2016)
suggests that each community must adopt its own goals, depending on a number of considerations that are
unique to its particular circumstances, including land cover and land use patterns. The City of Sydney (the City)
has endeavoured to develop targets for greening and canopy that are ambitious, yet also achievable and relative
to the current and future opportunities provided by the specific composition of land uses within our local
government area. Consideration was also given to research suggesting minimum amounts of canopy cover is
required for community health or cooling outcomes.

Land use mapping
In the process of setting targets for greening and canopy, all land within the City of Sydney local government
boundary was considered and assessed, including all public and private land regardless of ownership or
accessibility. The capacity and opportunity for greening and canopy was quantified and assessed at the scale of
individual land parcels using techniques specific to their land use type. Analysis at such a fine scale allows for
the data to be aggregated in many different ways, but for the purpose of setting greening and canopy targets it
was summarised under three broad land-use themes; being Streets, Parks, and Properties. Overall targets for
greening and canopy for the entire city were produced as a sum of these parts.

Figure 1: Example of street, park, and property land parcels, each with a unique site code identifier, overlaid on aerial
image and aerial acquisition of vegetation height strata.

Our stratified approach to the development of targets provides a rich dataset that may be used to guide sitespecific actions towards their achievement. This approach also promotes accountability within each of the three
land-use themes, encouraging land managers to strive to meet the targets specific to the land or site that are
managing.
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To allow the targets to be directly compared and assessed against current or future aerial measurement of
vegetation areas, the analysis of land parcels included only those that are visible from the air. Road tunnels and
street segments beneath bridges or viaducts were not assessed. Similarly, parcels of property that exist above
or below the surface (e.g. private basements beneath roads etc.) were also excluded from the analysis.
All spatial analysis was done using the ArcMap GIS application, with Microsoft Excel used for modelling of canopy
capacity and targets.

Figure 2: Maps of the City of Sydney streets (left), parks (middle), and property (right). A sum of these three land use areas
is equal to the total City land area.

Streets
The city’s road network is a sum of 4915 individual road segments, covering a total of 608.8 hectares (or 23%)
of the city’s land area.
Most street segments follow a conventional layout, with road pavement areas allowing movement of heavy
traffic and roadside verge or nature strip areas between the road pavement and other land parcels being the
space for typical street tree planting. Attributes and measurements of these street segments were used as inputs
to formulas to calculate the capacity of each street segment to host tree canopy. The aim was to quantify the
potential canopy area that may be achieved within the boundary of each street segment under real world
conditions, and model the potential for additional canopy based on specific scenarios.

Data used
The following street segment attributes and measurements were compiled or calculated from existing City
datasets:
•
•
•
•
•
•
•
•
•

Segment code, name, location, suburb
Street segment type (Street Section or Street Intersection)
Street classification (State, Regional, Local, Laneway, Motorway)
Street segment area (m2)
Street segment length (m)
Street segment width (m, derived from area and length)
Road pavement width (m)
Street verge width (m, derived from road segment width and road pavement width)
Percentage of existing trees within each street segment impacted by overhead power lines

The optimal mature size of tree suitable for planting in each street segment was determined based on the
available street verge width in accordance with the City’s Street Tree Master Plan guidelines.
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Table 1: Associations used in the street capacity model to relate street verge width, mature tree size, and canopy diameter
at maturity.
Street Verge Width
Mature Tree Size
Mature Tree Canopy Diameter
Less than 1.3m
Unable to Plant
1.3m - 1.8m
Small
5m
1.8m – 3m
Medium
8m
Greater than 3m
Large
12m

The number of trees able to be planted within each street segment was calculated using the following formula:

Where:

𝐿𝐿 − 10
� + 1�
𝑆𝑆

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 = 2(𝑃𝑃 − 𝑉𝑉) ��

𝑃𝑃 = planting optimisation rate (expressed as a decimal)
𝑉𝑉 = planting site vacancy rate (expressed as a decimal)
𝐿𝐿 = street segment length (m)
𝑆𝑆 = tree spacing (m)

The formula assumes typical street segments have two single rows of trees and a 10m tree setback on approach
to intersections. Tree spacing is proportional to the size of tree suitable for the street segment, and was equal
to mature tree canopy diameter. The Planting Optimisation Rate is an indication of the reduced proportion of
trees able to exist due to conflicts within the streetscape (e.g. driveways, poles, shop awnings etc.). The general
rate applied in the city was 0.8 (or 80%), however a lower rate (0.7) was applied in the central business district
(CBD) due to a greater prevalence of awnings and below ground utility conflicts. The vacancy rate is the
proportion of planting sites that may be expected to be vacant at any point in time. The rate used by the City,
based on historical data, was 0.015 (or 1.5%). Street intersection segments were treated in a similar way but
assumed one row of trees only and a reduced optimisation rate of 0.5. All street segments defined as motorways
were assigned a tree quantity of zero to reflect the inability to plant trees within roads of this type in the city.

Age diversity
Not all trees in the City’s streets are mature. Therefore, a diversity of tree ages was factored into the analysis
before the quantity of trees was used to calculate the canopy area. A percentage age class distribution was used
to represent the expected distribution of age classes for the entire population of street trees. For the city this
was determined to be 60% mature (including over-mature), 30% semi-mature, and 10% juvenile, and was based
on the current age distribution of the City’s street tree assets and expected future removal and planting rates.
Table 2: Age class distribution and relationship to canopy spread.
Age Class / Maturity Stage
City of Sydney Optimum Age
Distribution
Juvenile
10%
Semi-mature
30%
Mature and Over-mature
60%

Size (% of mature
canopy spread)
25%
75%
100%

The canopy diameter for semi-mature and juvenile trees were defined as 75% and 25% of the mature canopy
diameter respectively. These relative proportions and size parameters were applied to the modelled quantity of
trees in each street segment to calculate a realistic and sustainable total canopy area produced by trees within
each street segment.
Table 3: Tree size and relationship to age class and canopy diameter.
Canopy spread / diameter (m)
Tree Size
Mature and OverJuvenile
Semi-mature
mature
Small
1.25
3.75
5
Medium
2
6
8
Large
3
9
12
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Infrastructure impacts
Data on the proportion of existing street trees within each street segment impacted by low voltage multi-span
overhead power lines was used as a factor in the analysis to reflect the reduced potential of trees beneath such
infrastructure. Within relevant street segments, the proportion of impacted large, medium, and small sized trees
were assumed to achieve 60%, 50%, and 80% of their respective potential canopy area. These assumptions were
based on medium sized trees being most impacted by multi-span low voltage overhead wires, and large sized
trees have potential to grow up and around them. Trees impacted by a single insulated and bundled low voltage
wire were assumed to achieve 95% of their potential canopy area. This analysis enabled the modelling of
reduced impact scenarios and their effect on canopy cover, such as exposed low voltage power lines being
converted to insulated bundled cables or the complete removal of overhead wires.

Canopy area calculations
The total canopy capacity for each street segment was calculated as the sum of each tree canopy area, factoring
in the above considerations, using simple formula for the area of a circle. Since canopy cover is measured and
aggregated according to boundaries between land use types, it was necessary to calculate the areas of canopy
overhanging other land parcels adjacent to the road segment and subtract these from the total canopy capacity
area (see Figure 3). This was done by applying a trigonometric formula for the area of a circle segment, where
the known parameters are the circle segment height and circle radius. The circle segment height was derived
from the width of the road verge and the typical tree setback from the road kerb for each tree size.

Figure 3: Diagram representing the street canopy model within street segment, showing setback on approach to
intersections, an age diverse group of trees, and canopy areas overhanging the street boundary to be subtracted from the
total canopy area calculation.

In-road planting scenarios
The planting of trees within the road pavement area is an opportunity to increase tree canopy within the street
network above that provided by typical planting within the verge. Three different in-road tree planting scenarios
were modelled and added to the base canopy capacity calculation for relevant sites, as listed below.
1.
2.

3.

Tree planting within parking lanes. Within local road segments wider than 12m, every third tree located
within the verge is replaced with a large sized tree planted within the parking lane.
Tree planting within laneways. Within local road segments or laneways wider than 6m, having narrow
verges unable to accommodate conventional tree planting, a single row of trees is planted within the
parking lane at the side of the road. If the road pavement width was wider than 10m the tree size was
large. If less than 10m it was medium.
Tree planting within medians. Within local roads wider than 15m, an additional row of large sized trees
is planted within a median island.

If more than one modelled scenario applied to any single street segment, the scenario that produced the highest
amount of canopy was used.
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Summary of street analysis and targets
The canopy capacity areas overhanging each street segment were summed to provide an overall canopy capacity
for the entire city street network. This total canopy area was divided by the total area of the street network to
give a percentage canopy target for the city’s streets. Since the overall target is an aggregate of individual site
analyses, the overall target is a summary and cannot be applied to any specific individual site. Each individual
street segment has a site-specific canopy target equal to its calculated capacity.
Targets for green cover were recommended for each street type classification and aggregated to an overall
target for the street network. They were based on the existing green cover and a consideration of the potential
increase in green cover realistically able to be achieved within each street type in addition to the increase in tree
canopy cover.
Table 4: Summary of street canopy cover and target analysis.

Number of
Street types
land parcels
State Road
579
Regional Road
356
Local Road
2909
Laneway
859
Other
212
Street Total
4915

Required
2019 Canopy
2050
gain in
Land area as 2019 Canopy
Cover
Modelled
target canopy to
Land area a proportion
Area
(% of land canopy area canopy
meet
(ha)
of total LGA
(ha)
area)
(ha)
cover target (ha)
111.28
4%
19.65
18%
26.92
24%
7.27
65.19
2%
15.63
24%
19.71
30%
4.08
392.36
15%
114.84
29%
149.56
38%
34.73
38.31
1%
6.69
17%
9.58
25%
2.88
1.66
0%
0.00
0%
0.00
0%
0.00
608.80
23%
156.81
26%
205.77
34%
48.96

Parks
Parks are parcels of land dedicated for public open space and recreation. The City of Sydney local government
area has 421 parks within its boundaries, covering a total of 401.7 hectares (or 15%) of the total land area. They
are owned and managed by a number of government agencies, including the City, the Royal Botanic Gardens
and Domain Trust, Centennial Parklands, and Property NSW. They must provide for a range of competing uses
and may serve a variety of functions, including active and passive recreation, heritage conservation, wildlife
habitat, and other environmental services. The expected uses and functions of a park influence the amount of
greening or tree canopy cover that is appropriate for the space, and therefore parks with similar uses and
functions are assumed to have similar potential for canopy and green cover. An analysis of the parks was
undertaken, with the aim being to determine the most appropriate amount of tree canopy and green cover for
each park type.

Park classifications and analysis
All parks were grouped into one of the following park types; iconic, neighbourhood, pocket, civic, sports field,
or golf course. These park types were existing functional categories used by the City for park asset management.
Within each category, parks were ranked by their existing canopy cover percentages (2019 aerial canopy
measurement). The median and percentiles above and below the median (15%, 25%, 75%, and 85%) were
plotted over the ranked distribution of park canopy cover. This analysis was then used to identify and select five
examples within each of the park types, each having different levels of canopy cover. Consideration was given
to the age of the parks and maturity of trees when selecting each of the examples.

Qualitative survey
A survey was developed asking respondents to score each of the examples on a scale on 1 (least appropriate) to
5 (most appropriate) in terms of the amount of canopy cover being appropriate for the type of park. Aerial
images were used to present the examples within the survey. Park areas classified as sports fields and the golf
course were not included in the survey. Sports fields were assumed to have zero capacity for tree canopy cover
and there is only one golf course within the city.
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Professional staff employed by the City, who are familiar with park management issues were invited to
participate in the survey. They included professionals in park and tree management, landscape architecture, and
city design. Staff less involved with parks management also participated, including strategic planning and
engineering. 46 responses to the survey were received (Figure 4). The survey results (Figure 5) were used to
consider and identify the most appropriate target for canopy cover for each park type.

Figure 4: Participants in the park canopy cover survey and their professional role at the City.

Figure 5: Survey results for each park type, with average survey rating plotted with % canopy cover for each of the five
representative examples.
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Summary of park analysis and targets
The target canopy cover percentages considered most appropriate for each park type were applied to each
individual park, with target canopy areas calculated and summed to determine an overall target amount of
canopy area and percentage canopy cover for the entire park land area of the city.
Table 5: Summary of park canopy cover and target analysis
2019 2019 Canopy
Required gain
Number
Land area as Canopy
Cover
Target 2050 Target in canopy to
of land Land Area a proportion Area (% of land canopy
Canopy
meet target
Park Types
parcels
(ha)
of total LGA (ha)
area)
area (ha)
Cover
(ha)
Iconic
29
248.96
9.4% 79.86
32% 124.48
50%
44.62
Neighbourhood
46
33.75
1.3% 12.41
37%
18.56
55%
6.15
Pocket
296
37.19
1.4% 17.31
47%
26.04
70%
8.72
Civic
32
2.90
0.1% 0.93
32%
1.45
50%
0.52
Sports field
17
34.58
1.3% 0.29
1%
0.00
0%
0.00
Golf Course
1
44.32
1.7% 8.42
19%
13.30
30%
4.87
Park Total
421
401.70
15% 119.30
30% 183.82
46%
64.52

Properties
For the purposes of this analysis, a property was considered to be any land parcel not classified as a street or a
park. It included 26,527 individual parcels of land covering 1,651 hectares (or 62%) of the city land area. A wide
variety of uses, ownership arrangements, and controls apply to this large group of land parcels. They range from
small single lot private residences through to large commercial CBD properties and large tracts of government
owned land used for transport infrastructure or education.

Estimating private open space
Analysis was undertaken to estimate the amount of open space potentially available for tree planting within
these land parcels. Data gathered from the City’s Floor Space and Employment survey was used to calculate an
approximate building footprint area per land parcel, with the remaining unbuilt portion of each land parcel then
used to assess the potential for tree canopy.
The area of private open space required to accommodate trees was determined to be 20-25m2 for a small sized
tree, 25-60m2 for a medium sized tree, and >60m2 for a large sized tree. Areas of private open space less than
20m2 were considered as inadequate spaces for any tree. If a land parcel had greater than 200m2 of open space,
multiple large trees were assigned to the parcel with each requiring at least 200m2 of space.
A consideration of age diversity was factored into the analysis (using the same method as for the street tree
analysis) to estimate the potential canopy area for each private land parcel.
The potential canopy areas for each land parcel, along with the measured amount of existing tree canopy and
greening per parcel, were aggregated by City of Sydney Local Environment Plan land zonings to assess and
consider potential targets for tree canopy cover and green cover for each zoning and the private land use overall.

Assumptions and limitations
The above analysis for private land is based on a number of assumptions that make it less reliable than the
capacity analysis used for the street land area. The analysis inaccurately assumes that any open space not
occupied by a building is available for tree planting, and that tree canopy is unable to overhang buildings. There
is also no accounting for canopy provided by overhanging trees located in parks or streets, and it is based on
existing land development only, with no consideration for how properties may change or be developed in future.

Summary of property analysis and targets
For the reasons outlined above, the analysis was used as a guide to indicate existing potential only, and to
compare and contrast the existing canopy cover and potential for canopy between different zonings and specific
areas such as heritage conservation areas, urban renewal areas, and the CBD. A summary of results, presented
as grouped by aggregated zonings for the property land use, is presented in Table 6.
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The future development and potential for canopy, along with the City’s ambition for greener development of
private open spaces were important considerations when setting overall targets for properties.
Table 6: Summary of property canopy cover and target analysis

Property zoning
General Residential (R1)
Low Density Residential (R2)
Mixed use, business, enterprise
(B4-B7)
Neighbourhood, local centre
(B1 & B2)
Metro CBD, commercial core
(B3 & B8)
Special Activities, Health,
Education (SP1 & SP2)
General Industrial (IN1)
Public Recreation (RE1)
All Other Subtotal
Property total

Land area
2019
as a
2019
Canopy
Number
proportion Canopy
Cover
Target
of land
Land
of total
Area (% of land canopy
parcels Area (ha)
LGA
(ha)
area) area (ha)
16,847 414.07
16%
84.31
20% 103.52
775
50.97
2%
6.35
12%
20.39

Required
2050
gain in
Target canopy to
Canopy meet target
Cover
(ha)
25%
19.20
40%
14.04

5,229

487.69

18%

36.58

8%

73.15

15%

36.57

1,219

56.26

2%

4.90

9%

8.44

15%

3.54

1,125

163.69

6%

7.67

5%

8.18

5%

0.52

274 163.22
96
71.66
294
22.11
668 222.11
26,527 1,651.76

6%
3%
1%
8%
62%

31.47
2.92
5.28
23.52
203.00

19%
4%
24%
11%
12%

40.80
7.17
6.63
55.53
323.81

25%
10%
30%
25%
20%

9.33
4.24
1.35
32.01
120.81

Leveraging data to towards achieving targets
Analysis at the scale of individual land parcels has allowed for a detailed comparison of existing canopy and
targets for future canopy cover based on site specific assessments of capacity. The analysis can highlight sites
that are over or under achieving, and provides insight to drive site-specific projects and programs aimed towards
the achievement of targets (see Figure 6). It will also help to highlight specific land where the removal of canopy
will compromise the ability to achieve targets. Combining the site-specific analysis with the City’s asset
management data will provide further opportunity to better manage the City’s tree assets within streets and
parks. Future analysis will be undertaken to determine the best method to express the target for properties, and
the controls required to promote its future achievement.

Figure 6: Example of map highlighting parks that have existing canopy cover above (>100%) and below (< 100%) of the
target canopy cover specific to their park type.
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FUTURE PROVES PAST: LESSONS LEARNED AND FUTURE
INNOVATIONS FOR URBAN TREES AND GREENERY
Dr Tony Matthews
School of Environment and Science & Cities Research Institute, Griffith University

Abstract
Trees and urban greenery are quietly transforming many Australian cities. A growing understanding of their
benefits is fuelling a groundswell of positive change. Urban greenery is becoming a critical tool in urban,
environmental and natural resource planning. Strategically planted trees and other greenery can combat heat
islands, improve social inclusion, increase sense of place, enhance property values and more. This paper reviews
discoveries and innovations from the study and use of urban trees and other greenery. It documents key lessons
from national and international experience over the past 15 years. It goes on to outline some future trends,
directions and applications for urban trees and greenery. Topics of discussion include species selection, passively
enhancing childhood health and improving older people’s comfort and social experience.

Introduction
Trees and urban greenery are quietly transforming cities in Australia and overseas. A growing understanding of
the benefits of these natural assets is fuelling a groundswell of positive change. The trend towards strategic
greening is a quiet revolution in urban planning and design. Green infrastructure – including street trees, green
roofs, vegetated surfaces and green walls – is becoming a critical tool in urban, environmental and natural
resource planning internationally. A growing volume of reliable empirical evidence and technical experience
drives the current emphasis on the strategic use of trees and urban greenery. This progress stems from a lengthy
research and development journey that began in earnest about 15 years ago. Many discoveries were made along
the way, generating empirical data and technical guidance that would go on to inform policy and practice. This
paper documents key lessons from national and international experiences of contemporary green infrastructure
research since its substantive emergence in the mid-2000s. It also outlines future trends, directions and
applications for urban trees and greenery beyond 2020.

Lessons to date
There is nothing self-evident about the concept of green infrastructure. Defining the concept correctly was an
early problem. Different disciplines attached their own environmental, political, social and economic meanings,
with little agreement as to how the concept should be defined and interpreted (Wright, 2011). This definitional
ambiguity affected how different actors conceptualized green infrastructure. This created an early barrier,
frustrating its adoption as a strategic urban intervention (Matthews, Lo & Byrne, 2015). An early perspective on
green infrastructure that found good traction explicitly distinguished between green-space as an amenity and
green infrastructure as a necessity (Benedict and McMahon, 2006). Defining green infrastructure as a necessity
accentuated its wide strategic benefits and insulated early efforts against the uncertain political status of greenspace planning more generally (Matthews, Lo & Byrne, 2015). Over time, the worlds of research and practice
came to commonly understand green infrastructure as a network of green-spaces, interconnected and
multifunctional, strategically planned and managed to provide ecological, social, and economic benefits. This
view, moulded and shaped by experience, agreeably represented the intentional character of green
infrastructure as a strategic intervention in built environments.
The first decade or so of research into green infrastructure focused on heavily identifying and quantifying its
services and benefits. These were categorised primarily around the pillars of sustainability – economy, society
and environment (Roy, Byrne & Pickering, 2012). While benefits sometimes occur in one domain, they can occur
in multiple domains simultaneously. For example, street trees, parks and other form of green infrastructure can
reduce ambient air temperatures. Temperature reduction can increase in line with overall volumes of greenery.
A 5% increase in tree cover can reduce daytime temperature by as much as 2.3°C (Byrne et al., 2015). This is a
principally an environmental benefit, though it co-produces benefits in other domains. For example, lower
temperatures can increase residents' physical activities and mental health, improve social interactions and
reduce heat-related burdens on healthcare systems.
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Green roofs and walls can naturally cool buildings, substantially lowering demand for air conditioning, along with
associated operational costs. They also provide habitat for wildlife, recreational opportunities for people, better
management of storm water runoff and improved urban aesthetics. Good quality and plentiful greenery in
neighbourhoods can increase property values, though this raises the possibility of eco-gentrification (Ambrey et
al., 2017). Street trees, parks and other green-spaces also tend to increase residents' levels of physical activity
and social interactions and can promote public transport use. Conversely, low levels of urban greenery may
intensify urban heat island effects, thus impeding social interactions and neighbourliness. Influences on crime
and incivility were also investigated. For example, Burley (2018) showed that that an increase in new urban trees
is associated with reductions in violent crime. Research now confirms that access to nature in urban settings has
a mitigating impact on violence (Shepley et al., 2019).
Notwithstanding the positive services offered by green infrastructure, research over the last 15 years or so also
identifies disservices. One is ‘thermal inequality’, a concept that describes how less affluent people are often
concentrated within suburbs where houses are packed closer together with fewer trees (Byrne et al., 2016).
Many are also renters, giving them no agency to install insulation or solar power. This leaves no option except
to increase air conditioning use, leading to inflated power bills. Excessive heat where greenery is lacking can also
increase health-care expenses and reduce productivity for residents or workers in the area. Other known
disservices of green infrastructure are human-wildlife conflict, reduced groundwater, pest species, increased
allergies and damage from root encroachment or branch drop (Roy, Byrne and Pickering, 2012).
Table 1. Synthesis of urban greenery benefits, adapted from Roy, Byrne & Pickering (2012)
Environmental

Social

Economic

Regulate ambient temperatures

Relieve stress

Reduce stormwater costs

Reduce noise

Reduce morbidity and mortality

Reduce cooling costs

Lower wind speeds

Foster active living

Decrease health-care expenses

Sequester carbon

Encourage social interaction

Increase property values

Attenuate runoff

Moderate incivility

Enhance/augment habitats

Looking ahead
Debate continues on the exact nature and character of green infrastructure. New, more nuanced definitions
continue to be advanced (e.g. Matthews, Lo & Byrne, 2015; Mell et al., 2013). Contemporary conceptualisations
depict green infrastructure as biological resources in urban areas, which are human-modified, primarily serve
an overt ecological function and are intentionally designed for widespread public use and benefit. These
perspectives recognise that green infrastructure combines socio-political and biophysical elements and is not
simply a technical or design intervention. The intent is to improve clarity around the ways biological
interventions are intentionally deployed to connect nature, space and culture to produce co-benefits.
Concerns around green infrastructure governance remain unresolved after many years of research. In particular,
questions persist about who owns, manages and is liable for it – something which can change profoundly
according to context, time and tenure. Effective governance mechanisms for green infrastructure are essential
because it is fundamentally different to any other infrastructure. Trees and other forms of urban greenery are
alive and have agency. Their existence is dynamic. Changes in their morphology and form over time may impact
upon other urban services. A street tree may give wonderful shade, but it may quickly become a problem if its
roots disrupt subterranean services and utilities, or branches drop on pedestrians. Many planners and
policymakers see the potential value of green infrastructure. However, they caution that delivering the
technology can be an uncertain process due to various institutional, legal, economic, social and environmental
challenges (Matthews, Lo & Byrne, 2015). Establishing workable governance arrangements remains a challenge.
In this regard, there is an ongoing divide between research identifying values of green infrastructure and
professional experience of delivering and maintaining it.
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An important area of current and future attention in green infrastructure research is monetary valuation
techniques. These put a dollar value on otherwise un-priced natural resources like urban greenery (Horwood,
2011). Putting a price on trees and other natural elements is a pragmatic act (Lo, 2012). Doing so can provide a
common currency for comparing green infrastructure with other forms of infrastructure in planning and
development decisions. Monetary valuation techniques can facilitate objective evaluations through scientific
assessments of economic benefits and costs. This approach offers a rational basis for green-space planning and
management that is based on established monetary values (Plant, Rambaldi & Sipe, 2016). A further avenue for
this type of research is to establish the monetary value of existing green spaces via public use. Having a monetary
expression of this value would allow for more sophisticated cost-benefit analyses to occur in any instance where
that space was considered for alternative forms of development.
There are other new and exciting frontiers currently emerging in green infrastructure research. Many of the
discoveries of the past 15 years are now being refined, leaving room for new enquiries into the future. Examining
the capacity of green infrastructure to improve the experiences of certain cohorts is becoming an important new
line of enquiry. For example, there is an urgent need to plan towns and cities to better meet the needs of aging
populations in many countries. Improvements include better walkability and more attractive public spaces that
use greenery to provide shade and improve the thermal comfort and social experience of seniors. There is a
knowledge gap about the role that green infrastructure can play in mitigating heat to improve quality of life,
wellbeing and health among older people (Baldwin, Matthews & Byrne, 2020). Children are emerging as another
cohort of interest in green infrastructure research. Children are particularly vulnerable to the adverse effects of
the urban environment because of their developing organ systems and behavioural interaction with their
environment. Dedicated studies are already reporting the influences green space exposure has children’s health
and developmental outcomes (Hunter et al., 2019; Islam, Johnson & Sly, 2020).

Future proves past
The scale and breath of green infrastructure research in 2020 is the result of a quiet revolution. This grew over
time, forged international connections, produced innovative discoveries and connected research to practice in
exciting ways. The extensive knowledge generated and practical uptake of green infrastructure over the past 15
years is nothing short of amazing. Research first began with the intention of leveraging green infrastructure as
a form of climate change adaptation. Those involved in early work, myself included, suspected potential for
wider services and co-benefits. Indeed, it was often noted in earlier times that urban greenery would only be
widely supported if it could be shown to have many concurrent benefits. Proving that to be the case has kept a
global community busy since. The more we discover, the more we refine the questions, the better the practical
outcomes. As we look to the next steps, one thing we know for certain in 2020 is that trees and urban greenery
bring many benefits to cities. Future proves past.
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COMMUNITY SATISFACTION WITH TREES AND THEIR MANAGEMENT
Dave Kendal
University of Tasmania
Over the last few years we have been exploring which urban tree species may be suited to future climates
(Kendal et al., 2018, 2017). This is being strongly influenced by urban heat, and increasingly by climate change.
Tree managers were thinking about using trees to adapt cities to climate change; we now understand that urban
heat and climate change are having effects on urban trees themselves. This work is showing that species are
likely to change in future climates - cities like Melbourne will have a climate more suited to native species and
subtropical flowering species (Kendal and Baumann, 2016). In contrast, the Northern European broadleaf
deciduous species that have been quite characteristic of cities like Melbourne are most at risk from increasing
temperatures.
We are now starting to think more about what the effects of these changes to the urban forest might have on
people. Some of these changes are likely to change the way the urban forest looks and functions. In southeastern Australia, perhaps less broad dense green canopies and winter deciduous trees, and more narrowleaved and flowering species. If we only choose species that are climate-ready, we could have a dramatic shift
in appearance and function, through the use of drought and heat tolerant species. We must include other
considerations - community perceptions, health and wellbeing and ecosystem service benefits in future species’
selections. We must also consider effects on biodiversity – and biodiversity is important to people. How do we
continue to use indigenous trees in future climates, and how will changing species affect wildlife (Berthon et al.,
2021)?
There are now many studies of people’s perceptions and opinions of urban forests that provide some guidance
as to how people think about trees. One way that these studies have been categorised is into evolutionary
studies (where all people think the same way), cultural studies (where people in different cultural groups think
differently, but people within groups think similarly) and individual studies (where personal differences lead to
individual differences in the way people think about trees) (Bourassa, 1990).
Evolutionary responses often draw on the ‘biophilia hypothesis’ – which suggests that Homo sapiens have a
genetic predisposition to prefer landscapes that facilitate survival as a species. Some studies show that people
prefer the ‘savanna’ type landscapes found in Africa where humans evolved, and scattered trees in grasslands
allowed prospect (the ability to see lions bounding across the plains towards you) and refuge (a place to escape
those bounding lions). It has been argued that this helps explain our preference for trees in turf, common in so
many of our parks. In my PhD, I explored people’s preferences for green leaves and large flowers in garden
shrubs as a sign of high nutrient and water availability, and therefore indicators of a good place to live (Kendal
et al., 2012). My PhD supervisor, Kathryn Williams, has studied preferences for street trees and ecological
landscapes and founds that indicators of adaptation to arid environments, such as narrow leaves, are not
preferred (Williams, 2002; Williams and Cary, 2002). However, the evolutionary cause of these findings is
impossible to confirm, and findings may be explained in other ways. Other theories such as people not liking
‘messy’ indigenous landscapes (Nassauer, 1995) or that preferences are shaped by the information available in
landscapes (Kaplan, 1985) also tend to assume that all people think the same way.
In contrast, cultural explanations assume that people think differently about trees and landscapes, based on
things they learn rather than the genes they inherit. Studies using this approach show that different groups of
people share preferences within groups, but preferences vary between groups. For example, a study of
preferences for urban trees in residential areas found that UK residents preferred smaller trees than US residents
(Schroeder et al., 2006). Paul Gobster has argued that people can learn to see forest landscapes using an
ecological rather than a scenic aesthetic, and this results in a very different appreciation of trees (Gobster, 1999).
My PhD research also found that some people had learned to love native and Mediterranean garden plants that
had neither large flowers nor green leaves. Similarly, individual differences can result from personal experiences,
memories and familiarity. Anyone who has worked in any kind of community engagement process, or answered
the phone to hear the public’s opinions about trees, will understand that there are many different views out
there in the community that are clearly not genetically determined nor the outcome of cultural learning.
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Besides preferences, we have been exploring social values (why things are important to people), beliefs (what
people accept to be true) and attitudes such as satisfaction and acceptability of management alternatives across
a range of environmental contexts including urban forests, gardens and conservation reserves. This work shows
that these landscapes are important to people for a wide range of reasons including nature protection,
aesthetics, cultural significance and the provision of ecosystem services (Egerer et al., 2019; Kendal et al., 2012;
Ordóñez et al., 2017). This again highlights that people think in diverse ways about the urban forest.
In our new project with Camilo Ordóñez (University of Melbourne and University of Toronto), Melanie Davern
(RMIT)and others, and partners the City of Melbourne, City of Ballarat and Moreland City Council, we have
explored community values and beliefs, and satisfaction with trees and their management, using a survey
instrument based on previous work we have conducted, and other studies in the international literature (Jones
et al., 2013; Kendal et al., 2015). We surveyed over 2000 residents of LGAs in Melbourne and regional Victoria
as well as Tasmania and Brisbane.
We found four categories of social values that explain why trees were important to people (Fig 1.) – natural
attributes, social benefits such as relaxation and ecosystem services, their contribution to city identity and
cultural heritage were all important to most people. Perhaps surprisingly, there was little variation across LGAs.

Fig. 1 – Values for trees using the Values Attributes of Landscape (VALS) scale by LGA. The scale of importance is
from 1 (not important at all) to 5 (very important) with 3 neutral. 95% confidence intervals are shown.
We found three groups of beliefs about trees: an assortment of negative beliefs about trees, positive beliefs
about the ecosystem services provided by trees, and positive beliefs about trees making cities safer places to be
(Fig. 2). The positive ecosystem service beliefs were much more widely held by the community than negative
beliefs, with safety beliefs more in the middle (which is reassuring to hear!). Again, there were few differences
across LGAs, but in this case, beliefs became stronger with age.
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Fig 2 – Beliefs about trees by respondent year of birth. The scale of agreement is from 1 (don’t agree at all) to 5
(agree very much) with 3 neutral. 95% confidence intervals are shown.
We asked about satisfaction with trees and their management (Fig 3). Satisfaction with trees was quite high,
while satisfaction with management was a bit lower. Interestingly, there seems to be little relationship with tree
canopy cover – perhaps with cover below 10% cover tree satisfaction starts to decline, but overall it seems
increasing tree cover above 10% is unlikely to change community satisfaction much.
Satisfaction with trees

Satisfaction with tree management

Fig 3 – Satisfaction with trees and their management, by LGA tree canopy cover. The scale of satisfaction is from
1 (not satisfied at all) to 5 (very satisfied) with 3 neutral.
Linking these ideas together, we find two pathways that explain satisfaction with trees and their management
(trying to simplify a fairly complicated analysis!). The first pathway links people’s natural and social values for
trees, with beliefs that trees provide ecosystem services, to tree satisfaction and satisfaction with management.
The second pathway links values for trees contributing to city identity, with beliefs that trees make cities safer
places to be, with trust in LGAs to manage trees, to satisfaction with management (but not satisfaction with
trees).
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Fig 4 – A summary of relationships between concepts in the survey showing two pathways to satisfaction. The
weight of line reflects the strength of the relationship,
I started to write that this is a story that shows it really doesn't matter what we do about tree canopy cover or
urban forest quality to change community satisfaction with trees and their management. But clearly that is not
true. All the great work being done by nurseries, arborists and tree managers and planners is making a real
difference to our cities.
One pathway to community satisfaction with trees is to grow a great urban forest. Through community
engagement we can build satisfaction by reinforcing positive beliefs about the ecosystem services that trees
provide, and addressing the negative beliefs that people have about trees. We can work with people’s shared
positive values for the natural and social attributes of urban forests. Another pathway does have less to do with
the urban forest. This pathway also uses community engagement to build trust between urban forest managers
and the community, to increase satisfaction with tree management.
Engaging the community is really important to help create a diverse urban forest that satisfies the community.
The community is diverse – people have different values, beliefs, attitudes, preferences and opinions, and that
is ok. Involving the community in decision-making will help create a more diverse urban forest. This will be a
really important way to increase resilience and support the transition to more climate adapted urban forests.
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Abstract
TREENET supports research and knowledge sharing to better integrate trees into cities. Since it began in 1997,
TREENET has collaborated with industry, government, research and educational institutions to progress
Australian urban forestry. The understanding that trees are fundamental assets which support healthy and
resilient communities is now more widespread due to TREENET, to similarly focused agencies worldwide and to
global awareness and concern regarding climate change and urbanisation. In response to this increasing
awareness and concern, TREENET must continue to evolve to better help its members and others to serve their
communities. Species trials and stormwater harvesting to nourish street trees were major foci during TREENET’s
early years and these remain high priorities. Collaboration and networking also remain high priorities, they are
essential to achieving TREENET’s vision to enhance the role of trees in the urban forest and to engage the
community in this endeavour. Digital technology was relatively slow and expensive when TREENET began; even
the most enthusiastic of supporters baulked at making online contributions via dial-up internet. High speed
wireless internet has since given TREENET the opportunity to better engage its network and to increase
collaboration across communities, industry, governments, researchers and volunteers. To support increased
engagement, this paper examines some past and current collaborative research projects from the author’s
perspectives as a TREENET volunteer, researcher and local government arborist and engineer. This is not an
academic paper; it presents some past and current research projects as case studies, describes how these
collaborations evolved, considers common elements which contributed to their success so these might inform
further progress, and it suggests some possibilities for future collaboration which might help to green cities into
the future.

Introduction
The 2020 National Street Tree Symposium was TREENET’s 21st annual conference, the first under Lyndal Plant’s
leadership and the first conducted online. The global pandemic prevented the annual migration to Adelaide and
the highly anticipated networking and meeting with friends and colleagues. Out of necessity came new
beginnings and opportunities: TREENET’s first National Street Tree Symposium with international reach, in real
time. It is good to celebrate success and progress, but restriction and loss in 2020 has helped many to focus on
what is most important now and what lies ahead. TREENET must focus and adapt to thrive and to remain relevant
in the changing environment. TREENET must focus on what is important now and plan for what will become
more important in our climate emergency, Black Lives Matter, record national debt, increasingly urbanised postCOVID-19 global pandemic future.
The breadth of topics covered in two decades of annual face-to-face symposia acknowledges the necessity for
interrelated disciplines to work together to put trees into the service of communities. Past progress within and
between disciplines is reflected in the chronology of symposia dating from 2000. The relationships between
human health and wellbeing, urban trees, water management, and sustainable and resilient cities have become
clearer through TREENET’s Proceedings over these decades, as has the focus on urban heat island mitigation
through green engineering. Recent papers clearly demonstrate how best practice urban forest management is
an increasingly appropriate and urgent course of action in response to the climate emergency. They detail
approaches to inform species selection, trial and establishment so that newly-planted trees will thrive in the
changing climate. These papers remain freely available under the Education tab at www.treenet.org. Although
TREENET is a small participant in the global initiatives reflected in these Proceedings, in Australia it is an
important independent link between community, industry and government. TREENET has experience, support
and networks; it is time to extend and apply these more widely.
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Recent history
On the 21st February 1995 the Royal Australian Institute of Parks and Recreation held a seminar titled Trees in
the Urban Environment (RAIPR 1995). This seminar included presentations which covered disciplines including
botany, arboriculture, civil engineering and asset management with respect to power and water utilities. The
issues of the day were presented from the perspectives of the different agencies. The conference might have
been promoted as a preliminary final in the contest of urban trees Vs the rest of the world.
Asset managers presented trees as imposing unnecessary cost burdens on business. Mechanisms of root damage
to homes were explained (Goldfinch 1995). The local electricity agency suggested the way forward included
‘…innovations in its distribution network…’ and ‘…Local Government co-operation i.e. joint trenching’(Parker
1995), which in hindsight appears to suggest they sought council help with developing innovative power supply
solutions and/or financial contributions toward replacing Stobie poles – a previous innovation of the agency
patented in 1925 – with technologies more appropriate to the approach of the third millennium. The breadth
and depth of the issues were well summarised by the asset manager of South Australia’s Engineering and Water
Supply Department who advocated closer cooperation with local government, noting that ‘The question then is
how to get other organisations to accept more of the risks of nuisance and damage incurred by street trees and
to share in an equitable manner more of the costs’ (Thompson 1995).
Despite the suggestion of future cooperation, the most observant of investigators would have found little
evidence of common ground from which to work together to resolve the issues, but the need was clear. In his
Opening Address the president of the Local Government Association of South Australia, Mr John Dyer OAM,
stated ‘We must enlist social and cultural awareness and legislative back-up’. Two years later TREENET was
founded. Social and cultural awareness of the benefits of trees is now high and continues to rise. The droughts,
heatwaves, mental health crises, bushfires, floods and the pandemic of the last two decades have informed
communities across this nation of the urgent need to integrate trees as essential service infrastructure in our
third millennium cities.

Collaborative green engineering research
TREENET street tree species trials
TREENET’s initial research work focused on increasing urban forest species diversity through tree trials. Trials
established in several states are reported in papers from previous symposia. These and suggested practices for
establishing new trials are available from the Street Tree Species Trials links under the Research tab at
www.treenet.org. Many of the earliest trials were initiated by nursery industry champion and TREENET cofounder Mr David Lawry OAM.

Wilga
The Wilga (Geijera parviflora) is listed in South Australian regulations (electricity and water) which permit its
planting beneath certain powerlines and more than 2 m from sewer infrastructure. This native species of
northwest Victoria, South Australia and inland areas of New South Wales and Queensland was unknown to the
many South Australian nursery staff when contacted by the author during the 1990s. Across the Pacific, Gilman
(1997) was familiar enough with it to report the species as being a hardy small tree with a life expectancy when
grown in streets and car parks of 30 to 50 years. The author had read Gilman’s text, seen Wilga listed in the
regulations, inspected the few mature specimens that existed in the Waite Arboretum and in parks and gardens
around Greater Adelaide, and had sought to plant the species over several years but had been unable to procure
any. Totally independently and unknown to the author, nurseryman David Lawry had also been seeking Wilga
stock and had managed to locate some. David made the road trip to Queensland to inspect the forestry
tubestock which he purchased and brought back to South Australia in his Kombi to pot up and grow on.
David and the author met at the stand where the Wilga saplings were displayed, at the only local government
expo that either has attended in their combined total of 92 career years to date. That meeting led in 1997 to
what was possibly the first trial planting of Wilga as a street tree in South Australia.
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Those initial plantings have matured into healthy, attractive street trees in the verges of the western end of
Garfield Avenue in Plympton (Figure 1). Wilga is now a stock item for many commercial nurseries; it is resilient
and climate hardy in most soils and in exposed sites. Wilga has proved to establish reliably and to thrive in streets
in cities and towns in arid and semi-arid zones across Australia. Wilga provides a dense, shady canopy with few
if any issues with leaf, flower or fruit litter. Early learnings included that fertilizer is highly beneficial and
formative pruning is essential to manage clustered branch attachments and to establish an appropriate growth
habit for street trees. Some published material suggesting the species grew slowly has proved inaccurate, with
growth rates of half a metre per year or more achieved with adequate watering and fertilizer application,
although competition with turf can substantially slow growth in early years.

Figure 1. Wilga (Geijera parviflora) street tree trial planted in 1997 in Garfield Avenue Plympton, South Australia; images
show the same tree in 2011 (left) and 2018 (right).

Chinese pistachio
Chinese pistachio (Pistacia chinensis) was another early trial species; it was inspired by a neat example which
grew in a street in suburban Ashford (Figure 2). In 1999 the resident living nearby admitted to having planted
the tree 32 years previously. With its bipinnate foliage, the shady canopy of this 6 m tall tree looked similar to a
small Desert ash (Fraxinus angustifolia) and it appeared to be just as hardy. There were no noticeable impacts
on the nearby footpath, kerb or road which all appeared to pre-date the tree. Nursery stock was sought but, as
with the Wilga, Chinese pistachio was not locally available in quantity and quality was often poor. Showing a
picture of the Ashford example at the 2000 TREENET Symposium led to discussions with commercial growers
which soon resulted in increased availability. Early trial stock was small, typically leggy and its quality was highly
variable but within a few years good stock became readily available. Several larger and older examples were
later located in Angaston, South Australia; these also indicated the species’ resilience as a street tree (Figure 3).
Chinese pistachio is now a stock item for many nurseries and it can be seen thriving in towns across semi-arid
Australia. An inspection of the Ashford example in 2020 revealed it was in good health and remained structurally
sound; a small rise in the kerb adjacent to the tree was noted and about 4 m of the concrete footpath appeared
to have been replaced a few years earlier.

Ivory curl
Ivory curl (Buckinghamia celsissima) seemed an unlikely candidate for a street tree species trial in South
Australia, yet David Lawry liked the species’ appearance and knew it grew in Sydney and Melbourne so brought
some to try in Adelaide’s hot, dry clay. This northern Queensland species of the Proteaceae family was expected
to handle Adelaide’s heat but its performance in low humidity and poorly draining soil was unknown. Initial
plantings revealed winter weather was a concern; trees exposed to cold westerly winds grew better on the
eastern side of the canopy with growth stunted toward the west. Fortunately this problem was observed in
juvenile trees only, and after two decades they have grown full and balanced canopies. Many of the trial trees
flower profusely and are utilized by insects and nectar-feeding birds. Trees planted in 1998 (Figure 4) have
matured into attractive small trees. The performance of these initial Ivory curl trials justifies further investigation
this species across semi-arid regions, but noting its reported susceptibility to frost.
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Figure 2. Chinese pistachio (Pistacia chinensis) street tree in Herbert Road, Ashford, South Australia; images taken in 1999
(left) and 2020 (right).

Figure 3. The dense canopies of mature Chinese pistachio (Pistacia chinensis) street trees following the breaking of the
Millennium Drought indicate the species resilience (Images: Angaston, South Australia, December 2011)

Figure 4. Ivory curl (Buckinghamia celsissima) street tree trial in Kurralta Park, South Australia; images taken in 2000 (left),
2015 (centre) and 2018 (right).

Tree species trials: some data is better than no data
The information provided above is sufficient to justify further planting of Wilga, Chinese pistachio and Ivory curl
under conditions similar to, or likely to become similar to, those currently experienced in suburban Adelaide.
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Familiarity with these three species across much of Australia is, in part, due to TREENET having previously
provided information such as contained in this paper. Now consider how limited this information actually is.
The most valuable information provided above is visual: it is images. No numeric data has been provided here
other than the year the photographs were taken, yet in the past such images have been highly effective in
encouraging practitioners unfamiliar with these species to plant them, on a trial basis at least. Images are highly
valuable visual data.
Unlike TREENET’s early days when scanners and floppy discs produced pixelated mosaics, high-definition digital
images are now quick and cheap to collect, store and retrieve. Smart phones automatically record location and
date when photographs are taken, making manual recording redundant. Images include familiar objects which
impart scale (e.g. people, footpaths, cars and Stobie poles which, incidentally, ‘are a good reminder of man’s
ability to generate electricity’ (Kerrigan 1997)), so data collection doesn’t always need to include measurement.
A good image is possibly the most time-effective and cost-effective means of simultaneous data collection and
storage available, it can be captured with minimal planning, preparation and equipment, and it has been
demonstrated that it provides substantial return on minimal time invested.
A series of images can tell a life story. Photographs of trees when planted then periodically during their growth
and maturity can record the rate of growth, seasonal characteristics, infrastructure impacts and any other
related occurrence. Rigorously monitored, replicated trials and statistical analyses will produce more data with
value specific to the particular experiment being conducted, but it only takes one tree to grow well to maturity
to prove that that species can thrive in that location. Photographically recording the fact that a species can thrive
in a particular location should be a high priority.
Academically rigorous empirical research and statistical analysis are essential to progress green engineering and
many of TREENET’s collaborators are heavily involved in this. Few in the community can be expected to commit
to academic research but many are keenly interested in trees, urban forestry, the problems of climate change,
and most are able to take a photograph. A user-friendly method to upload quality images to a central database
is needed. Data captured (image, location and date) should be readily searchable spatially and by tree species.
Available spatial data including climate and soil characteristics might also be cross-referenced and searchable.
Such a system would enable arborists, citizen scientists and others to quickly capture and share photographs of
successful street tree establishment in our cities and towns. TREENET is currently planning to develop such a
system. This has been a goal since TREENET began, but early digital technology and late analogue humanity
didn’t align to achieve it in the first two decades. It is likely that a method to contribute to this database and to
utilize the data will be demonstrated at the 22nd National Street Tree Symposium in 2021. In the meantime,
TREENETers could begin to take photographs of street trees which impress them for any reason, for uploading
when the system becomes available. Several images would ideally be taken to show the whole of the tree in its
local situation as well as detail of leaves, flowers, fruits, bark and any other items of interest.

The future of tree species trials: improved collaboration and coordination.
Collaboration has been fundamental to all of TREENET’s species trials; trials would not have happened without
the support of local government, local communities, academe and the nursery industry. Trials were usually
planted by local government on land under the care of local government. Trial methods were developed by
practitioners, students and academics.
Unfamiliar species meant exposure to heightened risk; risk the species would fail to thrive, risk of potential litter,
allergens and other hazards, risk of weediness and of potential infrastructure impacts. The nursery industry bore
increased risk propagating and growing unfamiliar species, often for several years prior to the potential to realize
any return at point of sale. The community bore the risk of possibly waiting years for trees to establish in their
streets should the trials fail and require replanting with an alternative species. Without risk there can be no
innovation, no progress. Without the extra work which inevitably results from developing and progressing
anything innovative (extra communications, procurement issues, monitoring of trials on top of full task lists)
there would be no trials. Without commitment to ongoing collaboration, to risk and to extra work, there can be
no tree species trials, no innovation and no progress.
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Nursery and local government participants in TREENET’s early species trials are now well into the second half or
final quarter of their career. Despite their unwavering interest and commitment, some won’t see the next
generation of trees mature. The boomers must relinquish responsibility for the next generation of tree trials and
support the millennials and Gen Zs who will guide, establish and learn from these next trials and apply their new
knowledge through to the middle of this century and beyond. The urgency of now (Lambe 2020), requires that
TREENET increases its contribution to urban forestry nationally by:
•
•
•

developing a means to easily and quickly collect and share data and imagery of existing street trees
establishing a national network of millennial and Gen Z practitioners to champion the next generation
of tree species trials
engaging nursery industry champions to work with TREENET to produce trees for trials

Persons wishing to be part of this next generation of street tree trials should contact TREENET. Early-career
industry and local government practitioners are particularly encouraged to express their interest. There is no
closing date for expressions of interest.

Stormwater harvesting for street tree irrigation
The expansion of roof and sealed pavement areas due to urbanisation increases storm water runoff which
reduces soil moisture needed to support urban trees and other plants. Additional impacts of surface sealing
include creation of heat islands; increased flooding severity and frequency; diminished water quality and base
flow in riparian habitats; local extinctions of aquatic species and degraded marine environments. To help to
reduce these impacts and restore the liveability and environmental qualities of urban areas TREENET has
collaborated to conduct stormwater harvesting research with partners including the City of Mitcham, the
Government of South Australia, the Adelaide and Mt Lofty Ranges Natural Resources Management Board and,
more recently, with the Board of the local Landscapes SA region: Green Adelaide. For nearly two decades the
City of Mitcham has, with financial and in-kind support from these and other collaborators, facilitated green
engineering research by building experimental equipment into novel green infrastructure.

Development of the TREENET Inlet
Collaborative research with Mitcham Council began in response to a request from TREENET in September 2001.
Council approved the use of Claremont Avenue, along the southern boundary of the University of Adelaide’s
Waite Arboretum, as a site for ongoing green engineering trials. Initial research at the site engaged the support
of staff and students of the University of South Australia to investigate various kerbside inlet designs (Porch,
Zanker & Pezzaniti 2003). Further inlet design tests built upon the results of this initial study over more than a
decade, leading to the development of the TREENET Inlet.
Some practitioners who heard about the early TREENET Inlet research were quick to condemn the concept.
Opinions like ‘they’ll just clog up with sediment’ and ‘you can’t put water into reactive soil’ were common; they
were also unsupported by data or literature. The apparent innate negativity toward small-scale stormwater
harvesting was not surprising, as innovation needs to be driven by one whose vision is beyond the status quo
and not discouraged by unsupportive results during what is typically a lengthy development process. Naysayer
deafness and a ‘never give up’ personality type seem to be prerequisites for innovation. The TREENET Inlet exists
because its inventor didn’t listen and didn’t give up.
With the naysayers still saying nay, when the inlet was marketed some of TREENET’s friends and supporters saw
its potential and began to ask ‘How much water do Inlets harvest?’ ‘How much impact do they have on water
availability to street trees?’ ‘How and how much do they impact ground movement?’ There were many
questions and these couldn’t be answered with a photograph; they needed experiments to provide empirical
data.

The 21st National Street Tree Symposium 2020
80

In 2014 the City of Mitcham’s scheduled kerbing renewal project in Eynesbury Avenue in Kingswood provided
an opportunity to install TREENET Inlets. This working demonstration supported investigation of the Inlet’s
benefits, costs and impacts on water quality. The Adelaide and Mt Lofty Ranges Natural Resources Management
Board and the SA Environment Protection Authority supported the study with grant funding. The University of
South Australia’s Professor Simon Beecham and Dr Baden Myers saw the Inlet’s potential and they committed
to supervising a post-graduate student’s research at the site. The Government of Australia’s Research Training
Program contributed funding for tuition fees and a student scholarship. Mitcham Council built the infrastructure
and supported the study. Dr Harsha Sapdhare’s findings showed the choice of backfill material influenced the
removal of heavy metals (Sapdhare et al. 2018). The inlet was shown to be an effective stormwater harvesting
device for use in kerbs on low gradients (Sapdhare et al. 2019).

TREENET Inlets and ground movement in moderately reactive clay
Another study conducted concurrently at the Eynesbury Avenue site involved regularly surveying kerb elevations
at the TREENET Inlets, at regular offsets from the inlets, and midway between the inlets. Survey points were also
installed in the adjacent road surface and elevations were surveyed to coincide with the kerb surveys. Analysis
of these data showed no difference in ground movement between the locations of the inlets and points midway
between the inlets. That is: TREENET Inlets coupled to leaky wells did not affect ground movement in moderately
reactive soil. This experiment’s data, analyses and findings will be drafted for publication in the near future.
Furthermore, the inlets did not clog with sediment and they continue to function without maintenance other
than routine mechanised street sweeping.

TREENET Inlet hydrological benefits at catchment scale
Mitcham Council’s General Manager of Engineering and Horticulture, Mr Howard Lacy, suggested in 2015 that
a study was needed to gauge the catchment-scale effects of the TREENET Inlet. An suitable sub-catchment for
such a study was identified in the established suburb of Hawthorn. Grant applications were lodged, funds were
received and flow measurement and water quality sampling equipment were installed at the outflow from the
catchment. Baseline data were collected for a year before more grant applications were lodged, more funds
were received, previous grants were acquitted, TREENET Inlets were installed and monitoring was continued
(Figure 5). Annual grant applications, reports, acquittals, planning sessions and experiments continue; much data
has been collected and much has been learned.
The catchment’s characteristics were modelled in great detail as part of Hussain Shahzad’s research toward the
degree of Masters in Engineering in Water Resource Management. Following completion of his Masters degree
Hussain commenced further research toward his PhD, through which he has calibrated stormwater modelling
software against the catchment’s measured flow characteristics prior to installation of the TREENET Inlets.
Hussain’s model enables measured outflows since installation of the inlets to be compared with the outflows
that would have been observed had the inlets not been installed, thus allowing the impact of the TREENET Inlet
at the catchment scale to be quantified. Results to date have shown that TREENET Inlets operating under field
conditions (i.e. subject to urban leaf litter and sediment loads) harvested an average of 4.5 kilolitres each in 2017
and 1.8 kilolitres each in 2018 (Shahzad 2020). The difference in harvest quantity over these two years is likely
due to rainfall variability. These inlets continue to provide maintenance-free service. This research is ongoing;
papers presenting these initial findings will shortly be submitted for peer review and publication.
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Figure 5. Over 180 TREENET Inlets built into the kerb (left) direct stormwater into leaky wells in the street verge (centre), to
provide passive irrigation to street trees and reduce and delay flows reaching the monitoring equipment at the catchment
outflow (right).

TREENET Inlet tree benefits
In the gauged Hawthorn sub-catchment where hydrological studies summarised previously are underway, the
benefits of the harvested stormwater to street tree growth and urban cooling are being investigated (Figure 6).
PhD Candidate Xanthia Gleeson’s research has shown that mature White cedar (Melia azedarach) trees with
TREENET Inlets in their root zones transpired 29% more water during summer than similar trees without inlets
(Gleeson 2020). Additionally, photosynthesis was 94% higher, trunk diameter increased 25% more and height
increased 50% more for White cedar saplings with inlets than for saplings without inlets (Gleeson 2020). This
research is ongoing; papers presenting these initial findings will shortly be submitted for peer review and
publication.

Figure 6. Flinders University researchers and PhD students installed sap flow meters in street trees to measure water use
by trees with and without TREENET Inlets. Data from sensors in radiation shields (right) allow comparison of temperature
and humidity in tree canopies and other street locations to quantify the cooling benefit of the additional water provided by
the inlets.

Progressive research, building on earlier experiments
Collaboration has helped research partners to focus multi-disciplinary knowledge and resources on delivering
improved, practical solutions for communities as well as further educating professionals in green engineeringrelated roles. An example of this alignment between research and practical application is a relatively new project
which is investigating ground movement in highly reactive soil. It is well known that water extraction by trees
can increase ground movement (settlement) in reactive soil. It has also been shown that moderately reactive
soil underwent less movement near trees when rain was infiltrated through permeable paving adjacent to trees
(Johnson et al. 2020). To build on this knowledge, an experiment has begun to investigate whether water
infiltration (e.g. from stormwater harvesting) and water extraction by trees might interact to reduce ground
movement in highly and extremely reactive soil in the City of Mitcham. Preliminary geotechnical investigations
and monitoring have begun at St Marys Reserve in the suburb of St Marys, about 8 km south of the Adelaide
CBD (Figure 7). Soil water content (suction) has been measured in winter and summer, a grid of survey points
has been established to measure movement in surface elevation and regular elevation surveys are ongoing.
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Figure 7. University of South Australia – STEM academics volunteer their expertise to benchmark the water status of
extremely reactive soil at St Marys Reserve.

Percolation tests to measure infiltration rates in the reserve’s soil are planned, along with installation of neutron
moisture meter access bores and commencement of regular soil moisture monitoring. Plant water status at the
site will be measured for several eucalypt species of various ages. Soil moisture measurements and ground
movement surveys will be continued (subject to ongoing funding) until representative seasonal variation has
been recorded, which is likely to be at least the next two years given the current El Nina. When these
representative benchmark data have been acquired, a soakage trench will be built and soil moisture and ground
movement will continue to be monitored following infiltration of measured volumes (many kilolitres) of water.
It is anticipated that ongoing measurement will reveal ground movement impacts of stormwater infiltration on
the highly and extremely reactive soil and impacts on plant water status.
Mitcham Council’s increasing reputation for applied research led to an opportunity to work with the University
of Melbourne to investigate the performance of pervious asphalt made with crumbed rubber from recycled
tyres. The full scale paving trial at St Mary’s Park (Figure 8) is co-funded by Council, the University of Melbourne,
Tyre Stewardship Australia, the Adelaide and Mt Lofty Ranges NRM Board and other industry partners including
Merlin Site Services, Global Synthetics and Pacific Urethane.
Using recycled rubber material has the potential to greatly reduce landfill and related pollution. By reducing
stormwater runoff pervious pavements help to address erosion and pollution of waterways, and by retaining
stormwater in the soil where the rain falls it becomes available to trees to help to mitigate urban heat islands.
In addition to harvesting stormwater, the use of lighter-coloured stone in the pavement material reduces the
amount of heat it absorbs. Being in an active car park, the experimental pavements are used daily by cars and
trucks. The pavements are fitted with gauges to measure strain at different depths below the surface. A
geothermal heat exchanger is also installed beneath the asphalt to provide sustainable, self-contained heating
for the sports clubrooms at the site.
The Adelaide and Mt Lofty Ranges NRM Board’s Sustainable Water Management Grant which Council won in
2019/20 enabled this research to be extended by installing a high-precision weather station at the site to provide
accurate temperature, solar radiation, rainfall intensity and other data to inform analyses of pavement
performance. The weather station also provides data for the ground movement study in extremely reactive clay
soil described previously, as the two sites are 800 m apart.
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Figure 8. Collaboration between the City of Mitcham, University of Melbourne and industry partners has enabled structural
and environmental performance of pervious asphalt which incorporates tyre-derived aggregates to be investigated in a full
scale working demonstration at St Marys Park.

Collaboration = research = knowledge = solutions
Local government is really good at building and maintaining public infrastructure with pubic funds but isn’t
famous yet for engaging in novel, field-based, applied research. Local government is good at managing
infrastructure because it applies practices that have been developed and refined over decades to efficiently and
cost-effectively deliver to accepted standards and specifications. Standards and specifications are essential to
support the open tendering and market forces which ensure that public funds are appropriately utilised.
Standards and standardisation drive efficiency of public infrastructure delivery.
Improving upon accepted standards requires deviation from standardisation. Specialists and organisational
structures tasked with optimising efficiency and effectiveness through standardisation may, at times, struggle
to deviate from standards. Innovation requires a different skill set, multidisciplinary expertise and creativity, in
addition to naysayer deafness and never giving up.
Deviating from standards increases workloads and it presents risks. Not that business as usual is risk-free, indeed
many of our current urbanisation and environmental challenges have resulted from the application of accepted
standards and practices over long time periods, but unfamiliar risks are often perceived as being potentially
worse than familiar risks which are more likely to be underrated (or inadequately considered). Working with
experts helps to foresee and avoid or minimise and manage risks.
Risk management was a major consideration when the experiments described in this paper were designed.
Experiments were designed and locations were selected to avoid or minimise risk. Students, university technical
staff, academics and industry champions all work to manage risk and to meet the inevitable increase in
workloads associated with innovation. Universities provide substantial in-kind support, with many students and
academics (staff and honorary) making very substantial voluntary contributions of their time and expertise.
Grants made by the Government of South Australia helped to keep TREENET afloat in its early years. More
recently, the government and its agencies have provided funding and in-kind support to Mitcham Council toward
green engineering research. The Adelaide and Mt Lofty Ranges NRM Board was a regular contributor and it is
hoped that its successor, the Green Adelaide Board, might continue to build on this work. Government of
Australia contributions to PhD student scholarships and fees are also substantial. Without these financial
contributions the research described in this paper would not have been possible.
Equipment needed to investigate the performance of novel green engineering, and sometimes the green
infrastructure itself, can be beyond council budgets which are usually stretched when renewing assets under
like-for-like, business-as-usual approaches. Mitcham Council has for many years allocated a recurrent operating
budget to support green engineering research. Industry has also contributed financially and in-kind to support
research. Council and industry contributions enable grant applications, as grants typically require matching
funding by project proponents.
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Observations toward future progress
TREENET’s former director David Lawry had the idea for small stormwater harvesting devices to be located in
the root zones of individual street trees. Designing the prototypes, understanding how they functioned and
monitoring their performance needed private sector and university inputs. Building working prototypes in a
public street needed local government support. Substantial investment was made in students, infrastructure
and equipment and there has been massive in-kind support. Collaboration between local and state government,
industry and universities has been essential to progressing all of the research projects described in this paper.
Interdisciplinary, interagency and community collaboration are essential to progressing greener engineering.

Project funding
Although their goals often overlap, governments, academe and industry have many and varied project planning,
delivery and reporting processes and timescales. These different processes can complicate project initiation and
coordination. Local and state budgets and grant programs are often restricted to a single financial year, but
universities run their student programs by calendar year, so guaranteed financial support for research over a
single calendar year can be difficult to obtain. Honours projects need to be able to start early in the university’s
calendar year, but local and state government planning and funding cycles may not support this.
Annual grant cycles might receive applications until September and make funds available by November or
December. Research project planning might then begin immediately following notification of grant success –
through the Christmas/New Year holiday period. A prospective student would not have received their
assessment, not know of their eligibility to pursue higher education, and not have had any opportunity for input
into a grant application in that timeframe. Masters and PhD students may be subject to similar grant cycles
within their longer-term research projects, with an unsuccessful application during any year having potential to
end the collection of data on which their study relies. This presents considerable risk to students, in addition to
other risks described previously.
Although still subject to annual funding cycles, the City of Mitcham’s operating budget for WSUD research has
been embedded into long term financial planning. This budget has allowed cash flow to be managed between
grant funding cycles. Annual expenditure on ongoing projects, such as stormwater quantity and quality
monitoring in the Hawthorn catchment and regular ground-movement surveys at St Mary’s Reserve, has been
kept within the recurrent budget so that these projects can continue if applications for industry or grant support
are not successful. This provides current students with certainty regarding data collection, to at least the end of
the financial year. Expenditure on these ongoing tasks begins in the 1st quarter of the financial year, which is
when annual grant program applications are typically lodged. Successful funding applications allow additional
research components to be added following receipt of funds, which is often late in the 2nd quarter. In this way
research projects might be expanded over successive years, with a degree of certainty regarding ongoing data
collection, provided recurrent costs are kept below Council’s operating budget and that this budget continues
to recur.
The importance of Mitcham’s recurrent operating budget in terms of managing cash flow to enable ongoing
data collection and project extension through grants cannot be overstated. Timing of annual grant processes
could not guarantee ongoing monitoring to provide the data needed to inform most of the experiments
described in this paper. Any council seeking to engage with academic institutions, state government, industry
and others to search for practical solutions to current issues should consider allocating a recurrent operating
budget for research. By matching Council’s budget with industry contributions, then matching the combined
Council and industry totals with grant funding, the City of Mitcham’s WSUD research budget has in recent years
been increased by four times. The history of past grant success and the opportunity to geometrically increase
allocated budget in this way provides a real incentive to maintain the budget allocation to support and
progressively build upon the research summarised in this paper.
The research projects described in this paper have over the past two years had a total annual expenditure of
over $200,000 (funded by Council, industry, universities and grants; excluding in-kind contributions). As a
national benchmark, gross domestic spending on research and development in OECD nations has been
approximately 2.3 – 2.4% of GDP since 2012 (OECD 2020).
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Being primarily focussed on service delivery to meet existing standards, local government’s expenditure on
research and development is likely to be below this national benchmark. However, the opportunity to attract
matching funding through industry contributions and grants, and opportunities to collaborate to address some
of local government’s more urgent social and environmental issues, might suggest a review of the sector’s
approach to practical, applied research is timely.

An opportunistic and piecewise approach
Investigating the stormwater management capacity of TREENET Inlets deployed at the catchment scale was the
specific intent of the experiment for which inlets were installed across the catchment at Hawthorn. This project
provided the opportunity for further study, to assess tree water use and function in the inlet-equipped
catchment and to compare this with trees growing without inlets. This and other possibilities were considered
at the time the original project was being planned. Using the existing inlet installations enabled the tree water
use experiment to begin with little additional equipment, and the author’s knowledge of related research by
local Associate Professor Huade Guan suggested the opportunity for collaboration. Several years elapsed,
however, before a suitably qualified and interested post-graduate student became available to pursue this
additional research.
Xanthia’s Honours study being very well received led to her opportunity to pursue further research, and this has
allowed the project to be extended to investigate tree water use in relation to the eucalypts surrounding the
highly reactive ground movement research site at St Marys. Thus the piecewise addition of further components
to projects is opportunistically building knowledge based on prior investment and learning. Progressing research
in this piecewise manner allows the extension of current work with minimal risk to ongoing projects. Designing
projects to progressively build upon previous research may also improve the likelihood of future grant success.
Knowledge of the interests and priorities (current and future) of potential collaborators is essential to aligning
future research to address mutual needs. Knowing what opportunities are available to potential collaborators,
and being in the right place at the right time to harness opportunities, requires familiarity which can be best
developed through ongoing relationships. Opportunities for some projects may not arise for years or longer, and
if they are not seized when available they may easily be lost.

Research opportunities through association
Much of the City of Mitcham’s collaborative research grew from relationships established with academe through
involvement with TREENET or when Council staff undertook postgraduate studies. Encouraging and supporting
staff to pursue post-graduate research qualifications is an effective way to initiate relationships with potential
collaborators. Professionals might, after a few years of experience, see possibilities for improvement in the
workplace and so might be encouraged to pursue postgraduate studies to investigate these. Alternatively, a
graduate who identifies a research need and opportunity to investigate it could raise this with an academic who
may be able to suggest a suitable student to progress it. Academics routinely identify potential postgraduate
students during undergraduate studies, but transitioning into further study can sometimes take years and
keeping track of opportunities and potential students requires some attention.
Informal networking within industry, between disciplines, and between industry and academe may generate
ideas and opportunities for innovation and collaborative research. Informal networking and creating time and
opportunity for diverse groups and individuals with similar goals to discuss ideas freely, particularly over the
long term, can help to identify opportunities for improvements and thus establish research needs and directions.
Needs and directions may inspire long term goals which can be achieved piecewise through small actions.
Graduates keeping in touch with former classmates through the early stages of their careers can be of great
benefit to organisations and should be encouraged and supported, as should membership of professional
associations. Local academics and scientists engaging with past students and other practitioners, through
professional associations, can only help to inspire and facilitate ongoing, practical, applied research.
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Conclusion
Cities can be healthy, green, biodiverse places for communities to thrive. Green cities start with a choice, a
political decision, but building them requires transdisciplinary regard and collaboration toward a shared vision.
Green engineering can deliver a city’s natural and built components side by side, designed not just to avoid
conflict but to coexist so each enhances the performance of the other.
Trees and other vegetation are fundamental to green, healthy cities, so built elements must accommodate the
biological needs of plants and all the natural components as well as meeting accommodation, transport and
other essential civil service requirements. Servicing the biological needs of a green city’s natural elements
through design will help societies progress toward environmental and financial sustainability. By collaborating
with other professionals, by sharing knowledge between disciplines, we can contribute to integrating the natural
and built elements of our cities by design.
The transition to green cities will be as significant as the transitions from analogue to digital technologies and
from fossil fuels to renewable energy. As with these other major transitions, building green cities will be
generational achievement; it will occur as current infrastructure reaches the end of its service life and requires
renewal. We all have the opportunity to be part of this major global transition now and over the coming decades.
More than half of the world’s population live in cities. As horticulturists, engineers, urban foresters, designers,
planners, arborists, we can all contribute to making cities healthier places for most of the people on the planet.
Since TREENET began it has promoted networking and knowledge sharing, and experience has shown members
have great need to access knowledge for application in their communities. Many champions have arisen to seek
and share knowledge, but in the changing environment the need remains far greater than the supply. TREENET’s
relevance into the future depends on finding increasingly effective and efficient ways to obtain, store and
disseminate green engineering-related information. Engaging the community in this endeavour, to obtain, store
and disseminate green engineering-related information as and when they are able, is the challenge of TREENET’s
third decade. What and when are you able to contribute? Think about it, then speak with TREENET about it. Get
involved.
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