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SPEAKER PROFILES

Professor Robert Hill

Bobgraduated from the University of Adelaide in 1981 with his Ph.D. aiiafeplant macrofossils anidter
earned his D.Scresearchingthe interaction between climate change and the evolutionAafstralia’s living
vegetation. He has held positions in Botany at James Cook University dredUitersity of Tasmania, where
he was Head of the School of Plant Science and was awarded Professor Estattitsisin 1999 he returned to
Adelaide as a Senior Research Fellow. In 2003 he became Heagl $€hhol of &th and Environmental
Sciences while also Head of Science at the South Australian Museum.|Babehgosition of Executive Dean
of the Faculty of Sciences for 11 years from 2866 recently completed a long period as Director of the
University’s Envinament Institute.Bobhas made significant contributions to the areas of palaeobotany, plant
systematics, plant ecophysiology and the application of research from @reses to interpreting changes that
have occurred to the Australian flora through evahmary time. He has had a lifetime interest in the evolution
of the vegetation of Australia and Antarctica. He has published more th@mefereed journal papers, 35 book
chapters, several symposium papers and has edited @died four booksIn recentyears he has turned his
attention to the impact of climate change on living vegetation, withrargy interest in the impact of extreme
weather events on vegetation in urban areas and on the recovery of nativeategefollowing extreme fire
events.

Dr Jacob Mills

Jacob’s upbringing on the family sheep station and time spent with Indigenous péoptesd and established
his connection with nature early in life. His appreciation afdiversity, his ecological empathy, and his
conservation ethos led hitto relinquish his industrial electrician’s tools to begin @®# to better understand
this connection. Working at the microscopic scale, he and his goiésahave shown that the urban microbial
world is tied to a city’s larger biodiversity. They habhewn that urban green spaces with more complex
vegetation diversity give children better exposure to compleik microbiomes which potentially reduce the
incidence of norcommunicable disease through improved training of their immune systemsisRablinthe
journal Restoration Ecologylacob’s team’s paper titledUtban habitat restoration provides a human health
benefit through microbiome rewilding: the Microbiome Rewilding Hypatheen the International Society for
EcologicaRestoration’s 2017 Bradshaw Medal for ‘work that significantlyaades the field’

Dr Greg Moore OAM

Gregis a Senior Research Associat®ofnley College, University of Melboutride vas Principal of Burnley
from 1988 to 2007 and Head of the School of Resource Management at thesityifeom 2002 to 2007. With

a general interest in horticultural plant science, revegetatand ecology, Greg is particularly interested in
arboriculture. He was inaugural president of the International Societylwfriculture, Australian Chapter, and
hasworked on tke committee responsible for th&lational Trusof Victoria’'s Register of Significant Trees since
1988 andaschair since 1996. He has served the boards of Greening Australiari@}id9882012 and Trust fo
Nature, 200917. Heison the board of TREENET (chair 220%9) and Sustainable Gardening Australia. He has
written three books, seven book chapters and has published over 200 iciggatpers and articles. He was
awarded an OAM in 2017 for serviceshe environment, particularly arboriculture.
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Shelley Shepherd

Shelley is a Director of Urbaqua, a +iot-profit environmental organisation that works to support and deliver
water and environmentally sensitive outcomes in Western Australia.isSaklsahe Program Manager of New
WAter Ways Inc which is Western Australia’s capacity building asisocior water sensitive urban desigshe

is a strong advocate for the ability of the land use planning system to delivevative development outcomes
andliveable communities which respond to environmental and atimconditions.

Mayor Michael Hewitson AM

Michael graduated from Adelaide University with honoassa microbiologist and as a Pilot Officer with the
RAAF. He taught maths and scienateState and independent schools across South Australia. In 1975 he was
appointed as Director of the Salisbury Education Centre to progreskae#@aining, publishingand engaging

the community which included establishing Radio Station 5PBA. Michael hasisemiental in founding nine
schoolsand re-establishing two bankrupt schoolsle was the foundation Principal and CEO of Trinity College
Gawler in 1984growingthe student population to 3,300 students in 2002. Michael's servicesttas led him

to serve ormanyboards includindrostrevor Collegehe Australian Board of Education, Oceania ICLEI Steering
Committee for Global Covenant of Mayors, the Australianri@ulum Assessment and Reporting Authority
(ACARA), and to chair ACARA’s Audit and Risk Committee. He was recogjr@Eisedllaw of the Australian
College of Education in 1998, and in January 2013 was made a MemberQ@ifdér of Australia. His bodHow

will our children learnavas published in 2012. Michael was electeé &ouncillor for the City of Unley in 2006,
serving for 12 years prior to being elected as mayor in 2018. Mickashiried to Rosslyrthey havefour
childrenwho havethree children each; nine of whom live in Unley.

Kerry Gore

In his 45year career in the finance industry Kerry planned and managed major corporatéaa@cisd federal
government tenders and projects and he participated in expert panels infornmngart, governmat policy.
Following his retirement, in 2019 he was encouraged by his local gmest councillor brother to attend
TREENET's20lational Street Tree Symposium. The opportunity to benefit communities anerthieonment
was so clearly presented at themsgosium that upon return home Kerry’s focus shifted to how he could support
his council’s urban forest management for the benefit of his community.

Ruby Wilson

Ruby is an experienced horticulturist and arborist, havingkew in local government in Victoria before moving
to Tasmania where she is the City of Hobart's Program Leader afié@rare and Nursery. Her Master of Urban
Horticulture degree from the Unérsity of Melbourne (Burnley Campus), underpins her applied research
activity, particularly in relation to better integrationf drees into built environments. Ruby is a passionate
advocate for and manager of trees, urban green spaces and biodiversityndhestands the value of trees and
the contributions they make to the health and wbking of individuals, communities and to the environment.
Ruby has a strong focus on strategy and policy development to ensure consistewbaistlocal government
dedsion making, fairness, and social equity. Ruby has been a local govemapeesentative on the TREENET
Management Committee since 2021.
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Tim Jarvis AM

Tim is an environmental scientist, conservationist, author, film makeraavénturerwith Mastersdegrees in
environmental science and environmental law. He is a Seniorciate®f global engineering firm Arumd a
sustainability adviser to Australian insurance industries as well dsetdMorldBankand Asian Development
Bankregardingaid projectsm developinghations Tim has led expeditions to remote regions including the South
Pole, the high Arctiand acrossthe Great Victoria DeseriHe etracedSir Douglas Mawson 1913 polar journey
using only the same gear and ratioasd in2013he retraced % Ernest Shackleton’s “doublefie saiked from
Antarctica to South Georgend climbed South Georgia’s mountainous interiosing only period clothing and
equipment Tim's books include The Unforgiving Minute (Random House) and MawsonndifBeath in
Antarctica (MUP)which was released with hldN-endorsed documentargf the same name. He eauthored
The Frozen Planathich was jointly released with Sir David Attenborough’s TVsé€Fien received the Bettison
& James Award for documentary fdlmakingfor his current project, 25Zero, which highlights climate change
through the plight of the world’s melting equatorial glacierst &xcellence in scientific achievement and
commitment to science communication. He receiralyal Institute of Navigation’s @iéicate of Achievement

as Expedition Leader of the Shackleton Epic Expediierwas inducted into the Royal Institution of Australia
(2017) receivedthe Sydney Institute of Marine Science’s Emerald Award (2@&3) namedConservationist of
the Year (2015) by Australian Geograplasind wasconferred a Member of the Order of Austral2010 for
services tothe environment, community ando exploration He was granted Fellowship of the Yale World
Fellows Program for internanal leadership in environmental sustainability, aedaGlobal Ambassaddor
international sustainability NGte World Wildlife Fund

Geoff Connellan

Followinghis research, teaching and outreagtork with the University of Melbournat the Burnley Campusin
2007 Geofbeganconsulting inthe field of water management for sustainable green space since Z&3ff's
focus on @velopment of water management plans, evaluation of irrigation system pedaoce and water use
efficiency and irrigation degn solutions for turf, urban trees, high value landscapes, green roofs,-stoyi
building plantings and botanic gardeinas led to his expertise being sought in setting standards for induééry.
was the Principal Consultant for the developmentB#¥st Practice Guidelines for Functional Open Space
published by Smart Water Fund and City West Water, in 20&5s author ofthe keyopen space management
text; Water Use Efficiency for Irrigated Turf and Landscapdblished by CSIRO, March 2013. Geoff has
presented and published widely Australia andnternationally He has been a member of the Stormwater (Vic)
Committee (2014018) He is an HonoranAdjunct at theSchool of Ecosystem and Forest Scieratethe
University of Melbourns Faculty of Sciemechas been a judge for the National Stormwater Awards hosted by
Stormwater Australinand in 2008 he waawarded the National McLean ledemavard in recognition for his
outstanding contribution to irrigation in Australia. He is & hfember of IAL.
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TREES, CITIES, DROUGHT AND EXTREME HEAT

Professor Robert Hill
University of Adelaide

“only a crisis-actual or perceived produces real chang&/hen that crisis occurs, the actions that are taken
depend on the ideas that are lying arouhd

Milton Friedman (1962) i€apitalism and Freedam

Abstract

Humaninduced climate change continues to gain considerable publicityuagoliticians in general follow
rather than lead public opinion. Recent extreme flood and fire events have gimaded what the future might
look like and while we can be certain of nothing in the future, it woul@tespasible not to plan for continuing
weather extremes.While summer floods on the east coast have been the latest {segée catastrophe
originating from extreme weather events, across most of Australia jigfior urban areas must focus on what
we should @ to prepare for extreme drought and/or extreme heat in our cities aodrts. While we have
reached a point where we will require massive technologicalteols to retain anything like our current life
styles, it is critical that we futurproof our cities as well as we possibly cdnban vegetation has the capacity
to play an important role in making our towns and cities moredble and in providing some precious time for
us to develop longeterm and more permanent solutions to climate change. Tlagep focuseson the key
planning issues and what we can expect in the best case fronplaethed urban vegetatiom the changing
climate

Introduction

Climate change is rapidly gaining public acceptance as the major chafiengee present and for fute
generations, but there is little evidence that the likelyi fahpact of climate change is well understood. While
the focus remains on retaining future temperature increases within a3103C range of mean annual
temperature, there are signs that the inevitable growth in ferocity, éioraand frequency of extreme weather
events has emerged as a public concern. Clearly the focus must be on sktepaing and then reversing the
output of the major greenhouse gases, but even if we are successful, imwiogt set of challenges will remain
for us to confront and survive if we are to have a positive future on our planet

Given that more extreme future weather events are inevitable, we must do whategeran to mitigate the
impact and within cities this nams we must find ways to reduce the impact of extreme heat, rainfall and flood
events, prolonged droughts, high winds and rising sea leVelplan for success we need a clear understanding
of the likely extreme weather events we will be facing, the lusst of urban vegetation in mitigating the impacts
of these events, especially on human wading and health, and how we should select and monitor plant species
and the vegetation they are to be planted in for success in these challengingranents.

What are extreme weather events?
Extreme weather events are almost se#fining, but it is important to consider some of the details around
these. From a human perspective, an extreme weather event can be consideraxlisis,avhere a crisis:

1. is an “evat” in the sense of being an occurrence of short duration.

2. is unpredictable, or at least, it is generally not predicted by the paaiits. This implies an element of

surprise and a lack of preparation.
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3. results in fundamental changes in thatural order of a system. That is, pasisis conditions are
influenced either permanently or for some time by the effects of the crisis.

Some extreme weather events can be regardedhasshold crisesin that they are the result of a gradual
accumulatian of adverse conditions until a breaking point is reached: e.g. drought arewdaise; while others
are best considered gwoint crises where there is no buildip and for the participants the event comes at full
force and without warning: e.g. fire, flood, extreme heat events. The impogaint is that some crises build
relentlessly, others come swiftly and without warning (at least to thémjc Underlying all these events is a
major threshold crisis-the increase in the level of greenhouse gasehich in turn is fundamentally linked to
the rise in human population and increased expectations of living standards.

From the perspective of the value of urban vegetation and the risk it issexpto, the focus here will be on
drought and extreme heaevents. Drought is a classic threshold crisis, where a lack ofltaihifes the
environment until each plant is placed under stress, which, if it continudstigrenough, will lead to the death
of individual plants. The impact of drought is usuallatieely longterm. Extreme heat events are much shorter
and usually span from one to several days. Extreme heat can have amipact ion the plant and especially on
the leaves, which can reach lethal temperatures quite quickly. If exdrieeat events ocur during a drought the
combined impact is profound.

Before considering the impact of drought and extreme heat on individual piaistsmportant to consider the
rate at which these events might be increasing. There have been some significaght ezents in Adelaide
over the past few decades and there is concern that these are growing in fiegaed severity, but the increase
in extreme heat events can be shown most convincingly.

Data on daily maximum temperatures from well over a century are availaitetfie Bureau of Meteorology in
Adelaide, and while it is not completely comparable (the location of daglings changed during this time), it
does provide a strong general guide to the problem. Over the period from t88sl® the present, the nan
average temperature in Adelaide has risen by what seems a relatively small ar@dtem, the number of hot
summer days is presented as the number of days above 35°C and figure 1 (bls? shroles the number of
days over 35°C for Adelaide on a pecalde basis. It is quite clear from this that there were about 200 days per
decade over 35°C during the 1890s to the 1910s and then the number declined, minzumiof about 120 in
the middle of the 2 century. The number then began to rise again, reaching more than 280 in theecest
decade. This is a clear and significant rise over the la®05¢ears, but should we be concerned by it? The
answer to that lies in considering even more extreme temperatures. &igred circles) shows the number of
days per decade with temperatures in excess of 42°C. By any standard thistpr@$eghtening result. There
was a peak of 15 days over 42°C in the 1900s and then the number declined into the ofttld 20" century,
similar to the data for days over 35°C. However, from the 1990s the numhbeggesihcreased alarmingly to a
peak of about 40 days in the most recent decade. The clear rise in daytseshexeat is particularly worrying
because the issuis exacerbated by the reality that these extremely hot days often come umpgreso plants
are being exposed to potentially lethal temperatures for longer periodsneé,tespecially during the last 20

years.
40 : 1280

30 @ © {210

20 [ ([ 1140

Number of days above 42°C
o
Number of days above 35°C

0 90s 00s 10s 20s 30s 40s 50s 60s 70s 80s 90s 00s 10s

Figure 1.Days above 35°C (blue circles)daabove 42°C (red circles) in each decade from the 1890s until the
end of 2020. Data compiled from the Bureau of Meteorology in Adééta
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What is the impact of prolonged drought and extreme heat?

Most terrestrial plants suffer the impacts of water stress at some time duhiag lives and many exist in a state
of relatively low water supply. Given that plants lose water as part®fjtis exchange cycle that is required for
them to take up carbon dioxide for photosynthesis and expel the waste producenxitgs no surprise that
lack of water is the major cause of terrestrial plant death. How does this m&ppe

When a plant is fully turgid and there is light available, ikily that the stomates on the leaves will be open.
They are turgooperated vales and when full of water the pair of guard cells separate from one another to
open the stomatal pore, allowing for gas exchange, and most importantly for pkeeke of carbon dioxide,
which in turn allows photosynthesis to occur at an optimal rate. Howewben water becomes scarce, the
guard cells lose their turgor and eventually the stomatal datly closes, blocking the uptake of carbon dioxide,
but crucially also blocking the loss of water vapstihis is the point where the plant changes its pifpfrom
maximising carbon dioxide uptake to minimising water vaposs.lo

While plants have open stomates, they are usually losing water vapour through(thdess the plant is growing
in extremely high humidity), but even after they close their storsateany plants continue to lose a significant
amount of water via other pathways, and especially through the mostly watpervious waxy cuticle that
covers the leaf surface. This water is replaced in the leaves via the platés conducting system, vith is
made up of a series of interconnecting microscopic tubes that are moatkeids (conifers) or vessel elements
(angiosperms). The water in these tubes is placed under negative terssigater evaporates at the leaf surface
and the negative watepressure thus produced “pulls” water up through the plant from the roottesys
However, if water in the soil becomes too scarce, the individual condpetiements in the main plant axis
(tracheids or vessel elements) can cavitate as microscopic bailabéepulled into the conducting cells, where
they expand and block the flow by causing cavitation. Woody plants have many akteraat microscopic
pathways for water transport, so cavitation does not kill the plant uhgl$ituation becomes extreme amaost

or all pathways for water transport from the soil to the leaves are lost.tPlaan recover from shoterm
cavitation, but this is the most likely killer of plants agridrought.

Some plants have evolved to extremely dry environments and areyhégfitient at reducing water loss when
stomata are closed. In theory, such plants can remain in this state for aitoagbut it may incur a significant
cost. While a plant is alive it has some energy requirements and theseppieslivia the processf respiration,
which draws on the plant’s food reserves even when the stomates are closed atabphithesis has stopped.
If this continues for long enough, as in a prolonged drought, then the plant ngig bestarve as it uses up its
carbohydrate reseres in life maintenance. Eventually it is also likely filants under this kind of lonterm
stress become more susceptible to other damage (e.g. disease and insek) &feDowelkt al. 2008).

Some plants have evolved in areas where summers arambdry and they may spend most of summer with
their stomates closed such plants are likely to be highly drought resistant but also probably sjoiegrowing.
Other species, that evolved in environments where water is usually abunaesmond negatively and rapidly to
drought, although the degree to which carbon starvation contributes to this tswell researched. An
understanding of this range of responses is important in choosing speciesvidrgan urban environment.

As noted earlier, drought is threshold crisis in that it develops over a relatively Ipegiod of time and each
plant and plant species will succumb in its own way and in its own titfee impact is clearly cumulative.
However, extreme heat events are much more skertm in their impact. Trees are mostly well adapted to
survive shorterm heat events, but heat stress and drought stress are often linked arid st amplify the
impact of the other.

It has often been observed that days of extreme heat can quickly lead to tkefadamage, with large areas of
leaves browning off and dying within a single day. Experimental evidence on basley that this process can
begin with a leaf temperature as low as 40°C (Lid\a. 2010). Extreme heat can impact a wide variety of tree
functions, most obviously at the leaf level, where photosynthesis is refjygd®to-oxidative stress increases
leading to leaf tissue necrosis, leaves abscise and the growth rate of iemé&aves decreases (Teslatyal.
2015). If a plant is already suffering from drought stress it is ingteitinat days of extreme heat will exacerbate
the situation, especially given that the residual loss of water throughvweays other than the stomatal pores is
uncontrolled and is strongly impacted by high temperatures.
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While plant responses to drought and heat stress have been extensiveledtymtiststress recovery has
received much less attention. Ruedir al. (2019) found that the pace of recovery differs among physiological
processes. For example, leaf water potential typically recovers within a fge/aaon rewetting, while leaf gas
exchangerelated variables lag behind. Brodribb & Cochard (2009) concluded that mycofvgas exchange was
fast following mild stress, while regery was slow and reliant on the efficiency of repair and regrowth when
stress resulted in functional impairment and damage to crifidaht processes.

How can urban vegetation reduce the impacts of extreme weather?

One of the most compelling reasons fom increase in urban vegetation is that it has the capacity to lower the
impact of extreme heat events and thus provide a safer and healthier emagntfor the people who live there.
We know that plants in drougktrone ecosystems can vary from anisohigdplants that keep their stomata
open and photosynthetic rates high for long periods during drought) to isohyaldoté that reduce stomatal
conductance as necessary to limit transpiration during drought) (8ads. 2012). From the perspective of
havng an impact on the local microclimate, anisohydric plants should be a logitiEm, since they continue to
transpire longer than isohydric plants, thus leading to momalevaporative cooling. However, there is an
obvious inherent risk in this, espadly if a drought is longerm.

An excellent example of this risk was provided by Sinclair (1980), whord#rated that following the unusually
dry summer of 197-B in the Mt Lofty Ranges surrounding Adelaide, the anisoh¥lraalyptus obliquavas
dyingout in areas away from water sources, while the isohy#ridasciculosaemained undamaged by the
drought. In normal circumstances anisohydric species can be relativalglrtolerant, but clearly they may
be a poor choice for urban plantings in thedanf increasing drought conditions. Conversely, isohydric specie
will be more prone to carbon starvation during prolonged periods of st@fnclosure during droughts but are
more likely to survive prolonged droughts. However, such sgewiill not be as effective in providing
transpirational cooling. The selection of appropriate treea@ps for urban planting will involve important trade
offs between the capacity of the species to ameliorate local microclimetesthe resilience of the species to
adversedrought and heat conditions. Thom et al. (2022) considered the response to emnkry from drought
conditions in street tree species commonly grown in Melbourne. They repofiat Tiristaniopsis laurina
combined the desirable traits of high transpiration during periods of abundargnyvhaigh tolerance of drought
conditions, and good recovery following periods of water stress. &pediich performed moderately to highly
across these three characteristics includegphostemon confertydrunus cerasiferad_agerstroemia indica
Pyrus calleryanaandQuercus palustrisStudies of this kind are essential to guide future species selection for
urban tree plantings.

There is strong evidence that days of extreme heat can impact a wide ihivef#\ustralian ndve plants in

their natural environment. For example, two successive days of extreme maxierapetatures (>45°C) and
hot winds in southwestern Australia in 1991 resulted in plant mortality axtensive crown damage in a
sclerophyllous mallee heathlandr@m et al.2004). The research suggested that relatively undamaged species
had thicker leaves and were more exposed to wind, sun and bare soil é.plahits were relatively acclimatised

to the extreme conditions). Clearly the selection of appropria¢e tspecies for planting in warm, dry cities like
Adelaide, with a view to them surviving and thriving into tvegterm future, is not going to be a simple process

of looking for species that currently occur in dry environments.

To support urban heat island mitigation the species selected for plantind teesustain photosynthesis and
therefore transpiration. To obtain the water they need, trees need accesslamuate soil volume in sites
accessible to water recharge from rainfale@ke and Haege 2014)nd it is important that water is not lost in
drainage discharges rather than making it available to urbanstee® vegetation generally. Alternative water
sensitive urban design (WSUD) and engineering options exist, and Gkteabr{2022) showed thaMelia
azedarachtrees with TREENET Inlets in their root zones had 21% higher trarspipati unit canopy area.
However, stormwater harvesting for tree irrigation is rarely optimiseddntemporary urban developments.

The effects ofranspirational cooling are localised, so the urban tree canopy musixbensive and dispersed
throughout communities. Trees in streets and roads that intercatraeross towns and cities are obvious
contributors to this essential green network, along lwitees on parks and private property. The need for
accessible and interconnected greenways for recreation and exercise bashhghlighted during the Cowvith
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pandemic, and the opportunities to integrate improved open space planning vatk effective urban greening
and stormwater management are obvious. Trees are clearly a major part of tt@osdo climate adaptation,
particularly in arid and senarid regions, but their contribution depends on urban design and engineering
providing them the space and other resources they need to thrive.

How should we select future urban vegetation?

There are many challenges in planning for future urban vegetation:

1. Climate change is a reality as are the extreme weather events that accoritpaiwave focused her
on drought and heat, but other challenges are also present and these too waasein likelihood and
severity.

2. We must be clear about our expectations of urban vegetation. Much of whataoutdwike to achieve
will run counter to the ability of the eminated species to survivethere is a classic tradeff to be
managed here-human wellbeing in the short term against the lostgrm. Trees that may best address
the issues facing us for the next 20 years may be inappropriate beyond that Ifittatecdeteriorates
even further.

3. We cannot simply select species that look about right and currently sun/iveat we regard as hostile
conditions. It is imperative that a major research program is estadll to examine the way in which
each target tree species behaves when exposed to stress, including the waiclnitwiecovers from
damaging events. For example, Ruehal.(2019) highlight three promising research directions: (i) the
relationship of individual stress impacts and recovery rates, (iigdnbon cost of stress and recovery,
and (iii) the impact of postvent conditions on recovery dynamics. There is remarkably little
information available on these at present. It will be im@ot to instigate ongoing monitoring
experiments that record tre@ealth in target species. It is important that we understand the stresses a
tree is suffering while it is alive, rather than wait untilsitdead and try to reconstruct its history.

4. Most critically, we must decide what we believe the values of our aitikbe and how we will integrate
cities into the whole environment. At present, excellent work is being ta#len in rural Australia,
demonstrating how farming systems can improve dramatically (includind)yigy properly assisting
the native vegetatia to thrive (e.g. Massey 2017). This could be our best contribution as artatio
the global climate crisis. However, there has been little attempt to irstegthe work being done on
rural landscapes with the need for improved urban vegetation. We \ilio the best outcome if we
consider our country as a highly variable whole and not regard towns aed aiisomething separate.
If we do not adopt a holistic response to climate change, leaditigthw re-establishment of complex
vegetation (not necessarily native), then we will have a much poorer mgco

Conclusion

Climate change is an unprecedented global challenge. There have been manyesxafifpiman civilisations
rising and falling on a local scale through historical time, withfall often being associated with a localised
environmental crisis (Diamond 2005). Now, for the first time, a@efa global crisis that threatens all human
societies. While we can and must work at global solutions taugcedand eventually reverse the growth in
greenhause gases, we also face an immediate challenge to mitigate thdgonolvithin our towns and cities,
and urban vegetation must be a major contributor to this. Human health antbegeig currently loom as the
major challenge for governments everywhere and climate change will contmegécerbate this. Even if we
only take the inwardooking view of climate change as an issue impacting human headtktill face enormous
hurdles. Urban vegetation is an effective tool in combattinig #nd small changes could transport cities like
Adelaide from a current relatively green and healthy state to deséits, where lifestyle will be severely
compromised. Similarly, relatively small changes can bring stieh lzack from the brink and secutteeir future
into the longterm. The choice is stark.

We urgently require detailed research on appropriate tree species forediate mass planting. We need to
investigate where and how to return large patches of vegetation (ndtthe®s) to cities, and we need to

understand how thisties in with the best work being done in rural Australia to work with the redtur
environment, not against it. If we succeed, we will not only mitigegainst the more severe impacts of climate
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change, but we will provide an environment for future generations that béllpart of the solution to the
greatest problem humanity has faced.
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URBAN MICROBIOME RESTORATION

Dr Jacob G. Mills
School of Biological Sciences, The University of Adelaide

Abstract

Humans are ecosystems where microbethe human microbiome- provide functions and services. These
services include production of vitamins and immunoregulatory shbatin fatty acids, pathogen resistance, and
increased digestion and detoxification cagacOur humarecosystem gets its integrity frothe quality of the
foods we eat andhe health of thewider ecosystems that wéve in and walk through, collecting and nourishing
our microbes as we go. The state of this relationgjmperns much of humandalth. Many increasingly common
noncommunicable diseases in urban populations are linked to degraded human andnemesstal
microbiomes. Microorganisms are central to environmental and public health through theles in
biogeochemistry and immunoregulah. Urbanisation has led tdisruptive changes tanicrobiota both
environmental and humarhowever, urban ecological restoration chelp bring them back. Heywood Pairk
Unley Park South Australia, has undergone snsalhle ecological restoratiothrough planting native
understorey species in a patchwork beneath mature trees at different tinves the past two decades, to
improve amenity and tree healthThis progressive, piecewise understorey planting has provided microbiome
habitats at different stags of restoration from their previous state as irrigated turhis studyinvestigated
whether soil microbiota differed between the different landscape treatmeatsl ages, to inform whether
companion plantings around remnant treé@s Heywood Park haveestored soil microbiotaMarker gene
sequencing w&s used tocomparesoil bacteria and fungn several areas of the pankith longestablished
companion planting, younger companion plantings of staggered ages, wooded ai¢h necompanion
planting, ancturf grass areasResults showed that mulched areas withmpanion planting&ad healthier soil
microbiomes than other area$oil pH, organic carbon, and effective cation exchange capacity ssveiated
with differences inthe microbiome Time elapsedsince mulching and companioplanting alsanfluencedsoil
microbiome assemblage.

Introduction

Urban developmenthas progressively removeemnantvegetation that vasmanaged byindigenous peoples
in pre-colonialtimes. Subsequently, indigenous plant andimal diversity has declineand biogeochemical,
hydrological, and ecological processes have been interruptégo@orou 2022) Indigenous bidiversity,
ecologicalprocessesand indigenous management practicespporied soil microbial communities which play
crucial roles in nutrient cyclingnd human, plant anénvironmentalhealth.

Plant species exude compounds from their roots that nowsstrific assemblag®f microbiota—communities

of microorganism¢Rosadcet al. 2018) In return, these microbiota provide the roots with nutrients and disease
protection. A dominant tree may support an understory assemblabatthelps to create the soil conditions
appropriate for beneficial microbiota to thrive and support the healtthat whole plant community, including
the dominant tree. As understory was removed from beneath tteemiake way for turf grasfor amenity and
recreation the soil health declined as did that of the remnant tre@he deterioration of soil microbial
communities has not only been harmful to now isolated remnant trees, bthadealth ofhuman populations
as well(Mills et al. 2019)

Within the Greater Adelaide area of South Australia, both rural and urban areas have steocavery ofsoil

microbial communities after ecological revegetation effqi@ellieet al. 2017; Millset al. 2020) Remrant tree

health hasalsoproved to benefit from such revegetation projecti®rhaps most interesting is thathildren

exposed to restored urban green spaceéxluding inone studyin Adelaide have shown improvement in

immune markers and recovery of skin and gut microbiota relative to unexpoisidren(Roslundet al. 2020;
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Roslundet al. 2021; Millset al. 2022) The important benefits of restoration of biodiversity and vegetation
stratumfor soil microbiota, remnant tree and public health are becoming eearel.

The original Grey box/South Australian blue gurgucalyptus microcarp&ucalyptus leucoxylprwoodland
which covered the area to the south of Adelaide prioEtaropean invasioand colonisatiorwas so dense that
they namel it ‘The Black Forest’ (Kraehenbuehl 1996). MuchefBlack Brest’s biodiversity wasubsequently
lost through land clearing, farming, and developmenting the 19' century. A portion of The Black Forest in
private ownership retained someee andunderstorey speciesmto the 20" century; this was purchased by the
local authority in 192@&nd dedicated asleywood Park.

Heywood Parloccupies 3.3 hectares of the traidihal lands of the Kaurna people, or Kaurna Meyunna Yerta
Brown Hill Creek flows through the westezdgeof the park. The creek provided a reliable water sowand
sustainedthe woodland vegetation including River red guBu€alyptus camaldulen¥isa wdespread riparian
species of substantial utility to the Aboriginal custodiamsgated turf planted for amenity and to support
recreation competed with indigenous ground layer plant spediesylting in unheeded calls in the late 1970s
to protect and ehabilitate areas of native understorey (Kraehenbuehl 1996).

As iscommonwith mature trees when their environment changes, aged Grey box and Southakarstblue
gums in Heywood Park’s turf areas slowly deteriorated. Deteriorat@ehealth and potenal for branch failure
in some of the large treefueled increasing pressuréor tree protectionand understorey restoratiorirom
conservationists (CCSA 2004) and led to an area surrounding some ofltteerpemnant Grey box trees being
fenced, mulched, rrd planted with native shrub and ground layer species in 2005 to help to rest@d¢ath
and to manage risk. Following community acceptance of understorey ed&inr over time further areas were
subsequently mulched and planted.

The City of Unley'grogressive rolbut of mulching and understorey planting across different parts of Heywood
Park, over nearly two decades, established the environment which enabledutiis $hestudy assesd fungal

and bacterial diversity and abundance in saimplesto determine whether thesoil microbiotadiffered in the
park’s different landscape treatments.

Methods

The study was conducted in Heywood Park, in the suburb of Unley Park, in Southi@(34&l7'40.4"S
138°36'02.5" This studyassesed soi bacterial and fungal communitiesssociated wittmative companion

plantingsin woodchip mulch around old Grey b@kucalyptus microcarpaand South Australian blue gum
(Eucalyptus leucoxylossp. leucoxyloi trees Microbial diversity and abundance iareas with younger

companion plantings weralso assessed andompared withareas of turf, River red ugs (Eucalyptus
camaldulensiswithout companion plantings, andith the older companion planting.

Soils were sampled from four differef#ndscape treatmet types within Heywood Park on the 1%f March
2022 (Figure 1)A total of 2 soil smpleswere taken,each from 010 cm dep. The sample types were:
companion plantings (CP, 3 independent areas with 3 replicates each,| $aotales), old fenced companion
planting (FC, 1 area with 3 replicates, 3 total samples), treesneitbompanion plantings (NC, 2 areas with 3
replicates each, 6 total samples), and turf (T, 2 areas with Ieted each, 6 total samples)

Each sample site had one sample taken for microbiome analydisree for physicochemical analysis. Samples
for microbiome analysis were collected with sterilised equipment inilst®&0 mL cemifuge tubes and sent to
the Australian Genome Research Facility (AGRFarfatysis Samples for physicochemical analysis were
collected in zidock bags supplied by the Australian Precision Ag Laboratory (ARish)also conductedhe
analysis

At the AGRF’taboratory DNA was extracted frotine soil samples using the DNeasy PowerSoil Pro Kit (QIAGEN)
One extraction blank control was usedlfnerase chain reaction (Fj amplification and sequencing of all
samples were done by the AGR&rther detailf the methods used will shortly be published elsewhere.

Prior to statistical analysis of both bacterial and fungal datasstgplicon sequence variant®\$V} were
removed if they were unassigned at Kingdom, assigned as Archaea, Mitozh@ndChloroplat, were not
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prevalent in at least two samples, or had less than 10 sequence reads afirsamplesMicrobial taxonomic
units in this study were ASVs.

Alpha diversity was measured as observed ASV diversity, Shannon’s ASKydiner Simpson’s ASV elisity.
Shannon and Simpson diversity indices were converted to effective specidsenbsntaking the exponent of
Shannon’s values and the inverse of Simpson’s values. Generalised LixesiMddels with negative binomial
distributions were used to modédlifferences iralpha diversitybetween ‘sample types’ and ‘sites’, with sites as
a random variableBeta diversity of bacterial and fungal ASV communities was sathlysing BraZurtis
(abundance weighted) and Jaccard (abundance unweighted) distance matrices imaiDeds®nalysis of
Principal Coordinates (CAP). The physicochemical variables uwsed to constrain the microbial samples.
Differences between microbial communities of the sample types and sites weredtegith permanova.
Differential abundance testing of ASVs significantly varying in abundance byesgpgpivas done with DESEQ?2.
The top 40 differentially abundant taxa by sample type were visualised with lagatm

Figure 1lmages of vegetation associations from which soil samples weridected:

Left, top: FC1, fenced, 17 yr old mulch & planting around remnargy@ox

Left, 2 from top: CP1, 17 yr old mulch & planting around remnant Grey box

Left, 2 from bottom: CP2, 7 yold mulch & planting near River red gum & SA blue gum

Left, bottom:CP3, mulched & young planting area near River red gumeh Spotted gum Corymbia maculata
Right, top: T1, turf area, no mulcmo companion planting or trees

Right, 29 from top: T2, turf area, no mulcimo companion planting or trees

Right, 29 from bottom: NC1, young mulched area near River red gum, no planting

Right, bottom: NC2, young mulched area around mature River red gurogplanting
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Results

Soil Physicochemical Properties

Soil physiochemical properties differed between landscape treatmdn®@ and CP1 samples had high sand
content, high organic carbon content, and high Ca:Mg ratio. NC1 samples had siiglcentent and higher
salinity. Turf samples had higher pH, higher clay content, and higher exchangatidmeratio.

Bacteria

Bacterial alpha diversity was not different between sample sites or betwesgnlamdscape treatments.
Differences were observed in bacterial beta diversity between turf areas andttier treatments, most likely
due to unnatural management regimes including chemical fentdisand past irrigation with potable mains
water prior to the more recent use of reclaimed waten. both the BrayCurtis (abundance weightednd
Jaccard (binary presence)rstrained analyses the turf grass communities were different from the rest of the
samples. The noturf samples also differed; they formed two distinct groups. One groupthe$C1 and CP1
areas that represent the oldest companion plantings; these werstmtrongly associated with soil organic
carbon, sand, and nitrogen species. The other group included bettompanion areas (NCx) and the CP3 area
that represented the youngest companion planting. The CP2 samples straddled baisgsuggesting that
restoration of bacterial diversity and abundance is related to the age of dhepanion planting and that the
CP2 area (with an intermediate community between CP1 and CRBnisitioning from a soil bacterial
community associated with absence of companjbdanting to a community more typically associated with
mature diverse plantings.

Soil physicochemical variables most strongly associated witlatian in the bacterial communities between
samples were pldnd organic carbon. Higher pH was more charadiercf turf and young companion planting
(CP3)»samples. Organic carbon, which wasretated with the microbially important variable effective cation
exchange capacitfECEC)was more characteristic of the more mature companion plantings (FC1Rihd C
Nitrogen species (nitrate and ammonium) were also significanh&uariation in bacteriatommunities,and
thesewere characteristic of the more mature companion plantings.

Dominance of bacterial phyla varied between the sample tyfiles.more mature plarings (FC1 and CRhad
distinctly more Firmicutes in relative abundan@e2-11.7 %) than less mature companion planti@®2 and
CP30.84.3 %) areas withno companionplantings(0.53.5 %) and turf (0.91.8 %). Proteobacteria were
generally higher imelative abundance in sites with companion plantings (432 %) than without (14-25.8

%). The turf grass samples had higher relative abundance of Verrucbraiard Nitrospirae (1:3.3 % & 0.5

4.0 %, respectively) than all other sites (0.2 % &0.0-0.6 %, respectively). Acidobacteria were higher in relative
abundance in CP3 and turf samples, which were also characterised by higher pH.

Fungi

Fungal alpha diversitdid not differ between treatmentsfor all three measures (observed ASV richness,
Shannon’s effective number of ASVs, Simpson’s effective number of ABWwal beta diversityn turf
communities wasglifferent from other sample types for both Br&urtisand Jaccard analyses. In the abundance
weighted BrayCurtis analysis, FC, CP, andshiiples formed a large cluster with matugacalyptusrees being
the main commonality between them. pH, organic carbon, anatétwere significant constraining variables to
both BrayCurtis and Jaccard bethiversity analyses$-urther, ammonium, magnesium, and the Ca:Mg ratio were
significant to the Jaccard model.

Three of these samples with matuigucalyptugrees were outliers (FC1_2, CP1_2, NC1_1) with nearly 90 %

relative abundance of Ascomycofar more dominant than in dter samplesAscomycota generally dominated

most samples However, Basidiomycota were dominant in several sampleduding all from CP3. Most

differentially abundant fungi were highly abundant in just one sample, showingftingial species were not

characteristic of any particular areas and that their sphere ofvitlial influence was smaller than the space
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between samples. It wasoteworthy that Armillaria luteobubalinaresponsible for roetot in some parts of
Adelaide, was not identified in thesersples.

Discussion

The age othe understorey companion plantings appeared to be an important factor for aamitpncomposition

of bacteria and fungi in the Heywood Park samplése communities in the older planting, CP1, were quite
separated from the youngest planting in CP3, with those of CP2 spatirengpace between them in the
constrainedordinations. Previous studies in the Adelaide area have found there to betay®mat time lag in
soil community development between time of planting and reachimgf@arence community statéGellieet al.
2017; Baructet al. 2020) That is likely the successionarocess at play heras there was nantervention by
inoculation. While there is no remnant reference for these samples, theretioager similarity with FC1, the
oldest companion plantindo the older CP1 than the younger CP2 and CP3 plantings.

The bacterial and fungal communities of older FC1 and CP1 plantings werdrbotiyslinked to higher organic
carbon soil loads than other sites, a variable that was afiignt predictor in the models. Organic carbon is
important as a food source fanicrobiota and is generally associated with greater water Imgldiapacity.
Furthermore, organic carbon in these samples was collineat trong positive correlation) with effective
cation exchange capacity, a soil variable identified in an Aisstréde study as being inversely associated with
infectious and parasitic disease risk in hum@riddicoatet al. 2018)

The relative abundance &firmicutes was higher in the older FC1 and CP1 plantings relativieeioaveas. This
finding is at odds with a previous study from the Mt Bold Reservoir near ildelahere olderEucalyptus
leucoxylondominated restoration sites had relatively fewerrficutes than younger siteellieet al. 2017)
However, in agricultural contexts, higher relative abundancé&iahicutes has been associated with disease
suppressive so{Leeet al. 2021) Firmicutes, as a broad group of taxa representing a broad range of fusiction
likely need to exist in a ‘goldilocks’ zomfedominance, where over or under representation could lead to poorer
soil function.

Proteobacteria were slightly lower in relative abundancernplanted mulch (NGndin turf soil samples than
in samples from sites withompanion planting. Proteobacteria are heavily involved in carbon, nitroged
sulphur cyclingKersterset al. 2006) and their relative abundances in $hstudy coincided with higher levels of
organic carbon and nitrogen specié¥oteobacteriaare also important in the nexus between environmental
microbiomes and improved human immune functigtanskiet al. 2012; Roslundt al. 2020)

The Ascomycota dominated the fungal community in most samples. Ascomyautaatwe is common in soils
the world over(Egidiet al. 2019) however, there were several instances when the Basidiomycota were most
dominant in this study. One study from China found that increased Basidiomycataedb Ascomycota was
indicative of degraded soilQi et al. 2021). The Basidiomycetlominated samples were spread across all
sample types, including all CP3 samples, perhaps indicating that urban seitaimpbckets ofdegradation
evenafter restoration.

Ecological benefits additional to recovering soil microbiomed lrumanhealthare also significant and can add
further value to soil health restoration, including contrimg to theconsenation oflocally endangeredpecies
(plant and animal) and educaihg the public aboutthese Indigenous plant species suppomdigenous
pollinators, and can reducehemicalfertiliser requirements pesticidesandemissions asxiatedwith turf grass
maintenance(Townsend-Small & Czimczik 2Q10hat is not to say that turf grass shoulld excluded from
reservedn lieu of biodiverse plantingasopen areagor recreation are sociallyeneficial and healthy. However,

a balance of turf with biodiversity such as is being progressively developtaatood Park is a healthier option.
Local government and other land managers should be broadly encouragesgetimdigenous understorey
plantings in association with tree cover in parks and other ndites, and to progressively increase plant species
diversity over time, to benefit the environment and human population.
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Conclusion and Recommendations

Mulching and planting with understorey specaspear to have generallynproved the bacterial and fungal soil
communities and soil healtk Heywood ParkfAs microbecommunity maturation can take yeaagter planting,
with time the microbiome communities in the most recently planted areas may reflect the caniti@s present

at theolder fenced and planted site more closéBenefits of planting and mulching identified at Heywood Park,
specifically the increased relative abundance of Firmicutesgehigffiective cation exchange capaciand higher
levels of Proteobacteria, are all associated with improved human healt wellbeingThe City of Unley i®

be congratulated on the ecological restoration work at the park, for its péaebenefit to human health and
wellbeing and to environmental health.

Expanding the planting of indigenous understoisgyecies and incorporating wedlanned experiments is
encouraged to further inform this developing field of investigation. Ganion planting studies with networked
and embedded experiments built into working demonstrations could be used to th@ckdobgical outcomes
Replicating and staggering plantings could allow for rigorous ecollogioaitoring of microbiotato support
threatened species recovery and pollinator servjcasdto encourage more projects for urban ecological
recovery.Such experimetation would providean evidence bas# inform increasingly effectiveestoration,
conservation, and preventative health measuresucls experimentation could investigatavhether
biogeochemical cycling can recover in urban areas and whetitdaspread biotverseplanting caninfluence
the human microbiome and immune systenthe suburb, local governmerdandwhole-of-city scale

The City of Unlepnd councils nationally can drive urbaoologicakestoration further for environmental and
human benefit. Tie growing evidencef public health benefits is encouragingreas with undeusedgreen
spacecould not only increase tree canopy cover but also restore the urban nigereb Local, state and territory
governments can progress this preventative health aggh on parks, greenways, streets and road corridors,
at schools, and in gardens at major facilities that are accessed by langesgvf peopleSuch a program could
have health benefits coupled with important ecological and nature educatiportunities Governments that
combine urbarecological restoratiomvith embedded experimentation will be seas innovative global leader

in publicand environmental halth.
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CONNECTED TREED GREENSPACE: A SALVE FOR CLIMATE CHANGE
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Abstract

The rapid expansion of Australian cities presents planning challenges s ahee demands to subdivide
undeveloped land for housing countered by demands for connected public open spaceTr&yestsocio
economicstatus(SES3ectorsof our sociely havethe poorestaccesso connectedtreed greenspacéut arethe
groupthat needsit most Thispaper defines connectivity in relation to its function and estimates the peuhed
connected POS required foecreational purposes ofoot, wheelchair, skateboard, scooter, rollerblades or
bicycle.lt considergherisein the useof greenspaceluringcovid-19lockdownsandlessonghat mightbe drawn

for valuing treed greenspaceas climate changes.Connectivity was measured as the unimpeded distance
travelled without retracing the course in the same directiddistances required ranged from 2Bkm
Providing connected POS requires careful planning and insight to mmtostsand maximise use and benefits

Introduction

In 2017 | was invited to a forum that was discussing the planning nee@safer Melbourne for 2050 and
beyond. It was intended that my interest and contribution, if any, would be on urban tredssa it was.
However, | was only too aware that urban trees and the urban forest depend oavéi&ability of public open
space (POS) and as trees are so large, | was interested in purddhd) eonsidered to be wefilanned and
connected treed greenspace which could meet a diversity of environmental Goietal needslt was a large
gathering and time for discussion of topics was bfigbm my perspectivehings heated up when a planner
commented that the connectivity of POS in the west of the city was “pretty gaodthat they had “made good
progress.” Much to the surprise of the planner, | immediately and stronglygdisd. | considered the
connectivity of the greenspaces to be quite poor, to which she replied thaethears plenty of connectivity
within and over 500m. | laughed and replied that 500m wasn't really connect&daPall..... and we agreed to
differ.

| realised that while the term connectivity is commonly used in urban plannirgarels and discussion, there
appeared to be a lack of clarity in its meaning. The concept ofemiivity when linked tahose ofaccessibility
and proximity can lead to confusion as happened in this discussion. My responsedisthsesion wasotdo
some research and publish a paper (Moore 2020a) that examined some aspfettee meaning and
measurement of connectivity in POS which itself is described differentigrious parts of the world (Table 1).
The research was precipitated by the circumstances of the planning discussiothia conference paper
contains extracts from this larger paper, additional data and new dismussi

In many Australian cities, some suburbs have a long history of urban developmetite capacity for creating
new PG5 is limited, but cities are growing in population and expanding rapidly and oppdetusttll exist for
creating and connecting POS nhiany cities, the most impoverished sectors of society, typicallpwkl socie
economic status (SE&Je the most ébadvantaged in their access to and use of POS, which in turrosaes
with obesity, poor physical and mental health and social diaathge (Gies 2006; Maasal. 2006; DHHS 2015;
Butler 2016; Braubacét al. 2017; Lamtet al. 2019).Thisproblem is not unique to Australid occuisin many
parts of the world despite evidence that greater health benefits accrue we@ldSES communities from the
provision and use of PQ&ich canbe a mechanism for addressing SES related inequélies 206; Braubach
et al. 2017) Australian suburbs with lower POS and low8ES have lower household incomes, shorter resident
life spans and higher rates of diseases related to high blood pressuré,Hesdth and type? diabeteswhich
link to a lack of physical activity and reduced recreation rates compared tolggams in other parts of a city
(DHHS 2015; Astelurt and Feng 2016).
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Not all POS is green space, but treed green POS is often more highly valuedsl{Braseactet al. 2017; Lamb

et al. 2019) andri many communities, publicly owned space is more highly valued than privately owned open
space KlcConnell and Walls 2009)reed greenspace also has the advantage of increased biodiversit, iwhic
turn increases the beneftto users(Moore 2020b).In planning for expanding Australian cities, there is a
commitment to accessibility and connectivity in urban planningcpsses, but there are disconcerting
differences in the use of the terminology and its meaning (Saedem$ 2003; Dill 2004Brander and Koetse
2011, Wanget al. 2013;Mehta 2014). Urban planners have long understood the need to consider open space
as a whole that forms a linked system.

Table 1. Definitions of public open space (POS) from differestt® of the world

Country/State Definition of Public Open Space (POS) Source
United Kingdom | x public gardens Town and Country
x land used for the purposes of public recreation Planning Act 1990
x land of disused burial grousd
United States of x land in public ownership zoned for open space US legal 2019
America x land which would conserve and enhantaural or scenic
resources

x

land protecting streams or water supply

x land that promotes conservation of soils, wetlands, beaches
or tidal marshes

x land enhancing the value to the public of abutting or
neighbouring parks

x forest, wildlife preserves, nature ressations or sanctuaries

x land enhancing recreation opportunities

x land that preserves historic sites or preserves visual quality
along road corridors or scenic vistas

x land to retain in its natural state tracts of land not less thar
one acre situated in an urban area and open to public use|by
the granting authority

Victorig Australia| land in public ownership and/or under public management t| DELWFR2015

provides recreation and leisure benefits

The large weltreed public parks at the centre of many major cities of the world providécgnt POS for
diverse passive and active recreation. They showcase POS, e/ingptession, especially to tourists, of a green
and leafy city, but on a regular basis they are only accessible to those wiuokbesby. They are so large that
they do not need to be connected to other POS. Howesamnected POS over longer linear distance provides
increased proximity and greater accessibility to the space ambrpnities for a more diverse range of
activities. Proximity to open space influences its use and the reoredfihealth and other benefits that people
can derive from using the spadBilesCortiet al. 2005; Cohemt al. 2007;AstellBurt and Feng 2@8). Roximity

is nearness in space and it can be quantified by a linear measurement of theedes# a site to PGSt is not

to be confused with connectivity.

There is considerable research on aspects of proximity, abdégsand connectivity to P® showing that they
are related and interconnected (Moore 2020a). Users of connected sgracaware of its connectivity and the
perception of a more extensive connected open space contributes to the usaisfaction with the space
increasing both the frequency and extent of use (Wahgl 2013;Mehta 2014). How we measure influences
human perception and understanding of distance (Tischendorf and Fahrig 2000). Théraeasurement for
proximity to POS should be the metre, as it indicates that access telRDME be over a relatively short distance.
Theunit of measurement for connectivity of POS should be the kilometre asvtays the need for an extended
and interconnected space.

This paper focuses updhe physical connectivitpf POS, particularly of treed parks, gardens, linear parks along
rivers and streams and remnant forests, aitd role in recreation.The word connectivity is used to provide a
measure of uninterrupted and unimpeded connected POS for travel by foot, skatlerooter, roller blade
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or bicycle(Figure 1) There are no obstructions to those using the connected pathways and the degree of
connectivity can be measured linearly as the maximum distance that can balédwithout retracing the
course in the same directioithe paper considers the needs of people using POS for tegread the demands

that such use placeupon a more extensive and uninterrupted connected POS than often currently exists.
Connectivity is defined by specific functions and the length of connectechBé&iedto fulfil those functions

was measuredThis goproachmayaid planners in anticipating the needs of future generations for connected,
functional POS rather than having to adopt expensive rétred connectionsFinally, the paper examines the
impact of covidl9 lockdowns on a connected POS.

Figurel. Part of the ‘Emerald necklace” park system consisting of a 1,100 acre (450 ks af linked parks
and waterways in BostonJJSAdesigned by Frederick Law Olmsted, who conceived it dimear park of
walking paths along a gentle stream. There aypportunities for cutting short longer walks if neest. There
is excellent connectivity under this bridge. In other places, raadnd low bridges obstruct the connectivity of
this POS.

Method

The required degree of connectivity should not be determinedteatily or result from using available space
left after other uses have been fulfilled. The structure of connected POSdstedate to its function and will
vary with different user needs. In general, the minimum distance of connge@8or a particular function
should not be less than haif that required to perform the function for an out and back course:

Walking 20 people were timed walking distances frond Zm in Brimbank Park situated in Keilor, west of
Melbourne. All were adults, with an even mix of genders and most came from the westgom iof Melbourne.
While speed varied, the average was just under 5 Kinlounded to 5 kmht. Participants were asked how long
they intended to walk or what distance they wanted to cover and whether thel dareferred surface for
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walking. Most walkers suggested a time but a couple suggested distafbesmost common durations
nominated were 0.5 or 1.0 hour and distances were froBkin. These data allowed calculation of the minimum
connected space requad for a walk without retracing the courséhe same questions were put to 20 parents
walking with infants and toddlers under two years of age. Parents takitgeb for a walk or a sleep in
prams/strollers were often looking at a period of activity ofWween 1.0 and 1.5 hours rather than distance.
They were generally walking at 4kmitand preferred an option of cutting the circuit short if necessary. Walking
with toddlers was a more difficult calculation but walking sp&exs approximately halved.

Runnirg: 30 participants were asked the same questions as the walkers about timenaksand preferred
surface. All were registered with the Victorian State Athleticooéiation and their abilities ranged from near
elite to an average regular running level. The times and distamaged according to their competition interests
and training requirements. 30 were sought because of a wider range of sgeadsonelite runners, the pace
may be time and distance dependent with the longer and further the distatiee slower the speed and an
average pace of 10 kmfwas utilised in this study.

Cycling:The variations in cycling for distance and duration are great and many cyckés roads and trails

but recreational level cycling needs were modelled. Distances-dD2m were nominated by 30 recreational
cyclists at a pace of 20 kmhwhich wouldbe a safe average speed of travel but some suggested a faster pace
and so 30 kmhtwas also modelled. No competitive cyclists were surveyed.

Skateboarding/Scooters/Roller blade§he ranges of speeds for commuting, recreational and speed focused
skateboaders, scooters and roller bladers were wide but typically scooter speeds up to three times faster
than walking. The estimates of speed for everyday, as opposed to elite oretitimg users of skateboards,
scooters and roller bladesanged from 1530 kmhr. Twenty participants were sampled from Brimbank Park
and from the Yarra River Trail, Burnley.

As part of the data gathered, the numbers of users along a 3 km transecigihrimbank Park were counted
prior to, during and after covid9 lockdownsn Melbourne. Users could enter the linear transect from either
end but care was taken to ensure that they were counted once only. The numbers weredaudr a one
hour period either on Sunday or a weekday (Tuesday or Wednesday)

Results

The average wking pace of 5 kmhimeant that if people wished to walk for half an hour, a circuit of 1.25 km
would suffice and for an hour a 2.5 km circuit (TableAZlkerswith prams and toddlers required a minimum
circuit of about 4 km, preferably with the optiorf cutting the circuit short if the need aros@lalkers expressed

a strong preference for paved over unpaved surfaces, not distinguishingbefvavedsurfaces (Table 3).

For runners, pace and distance varied (Table 2) but a distance of 5 km anhwaifir of running at 1@mhrt
requires an out and back circuit of 2.5 km, while for a marathon of 48,22K30 km training “long run” requires
a 15 km route (Table 2)insolicited, sveral of the runners requested an accurate 400 m circuit for spee#t wor
or interval training. The runners had a mixed view of surfaces. Many wantedeal pavface with bitumen
preferred over concrete, but for those running in excess of 20 km, and piaric those over the age of 50
years, a level but softer unpaved sudasas preferred (Tabl®).

The requirements for cycling are shown in Tahl&he surface preferences of cyclists (Table 3) were for a smooth
all season path but some preferred an unpaved surface. For skateboardioggrsase and roller blading, the
widerange of speeds made it impossible to consider all the permutations. péglusand lower speed scenarios
over two different distances using a paved surface were modelled (Tables2).and

Multiple figure-eight or looped configurations increased the numloé different possibilities enormously. The
general formula for theaumber of variations that can be obtained from interconnected circuifs,ighere n is
the number of loops. For a single circuit there are two variatibased on travelling in differér(opposite)
directions, for three loops there are eight and for four loops there areat@tions possible.
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Table 2. Length of connected open space required for a range of sietvi

ACTIVITY Distance (km)| Time (hr)| Pace (kmh#*) | Requiredconnected
length (km)

Walking 25 0.5 5 1.25
5.0 1.0 5 25
Walking with toddlers 1.0 0.5 2 0.5
2.0 1.0 2 1.0
Walking Pram/Stroller 2.0 1.0 4 1.0
6.0 15 4 3.0
Running Recreational 5.0 0.5 10 25
10 1.0 10 5.0
Half Marathon 20 2.0 10 10.0
Marathon 30 3.0 10 15.0
40 4.0 10 20.0
Cycling 20 1.0 20 10.0
30 1.0 30 15.0
40 2.0 20 20.0
Skateboarding/roller 15 1.0 15 7.5
blading/scooter 30 2.0 15 15.0
15 0.5 30 7.5

Table 3.Surface preferences (%) of users of connected open space requiredrimge of activities, (N is the
number of participants).

ACTIVITY N Surface preference&b of users)
Smooth Paved Unpaved
Bitumen Concrete | None
Walking 20 75 15 15 45 25
Walking with toddlers 20 100 15 25 60 0
WalkingPram/Stroller 20 100 40 40 20 0
Running Recreational 30 80 13.3 6.7 60 20
Half Marathon 30 75 20 13.3 33.3 33.3
Marathon 30 60 40 6.7 13.3 40
Cycling 30 90 30 26.6 33.3 10
Skateboarding/roller 20 100 35 35 30 0
blading/ scooter

Use of POS changed significantly during c@®idbckdowns in many Australian cities and Melbourne had more
andlongerlockdowns than other cities. Use of POS noticeably increased on all dayg hekdowns, but the
greatest increase was on Saturdays &uwhdays (Table 4). The use on one Sunday was 21 times higher than pre
covid19 lockdown use, while use on weekdays increased by up to 8 times. Paktvockise declined but
remained higher than before lockdowns, being over doubleqmeid19 use
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Tabk 4.Numbers of users along a 3 km transect through Brimbank Park over ong phdor to, during and
after covid-19 lockdowns in Melbourne.

Prior to lockdown During lockdown After to lockdown

Range Average Range Average Range Average
Sunday 2-5 3 32-69 41 6-12 8
Weekday | 0-4 2 8-16 11 2-6 5

Sunday Weekday | Sunday Weekday | Sunday Weekday
Walkers 2-5 0-2 12-32 4-10 3-7 2-5
Runners 1-4 0-3 6-9 3-6 1-6 3-6
Cyclists 2-5 0-2 8-15 5-9 3-7 3-8

Discussion

While the distances of connected treed POS to effectively undertake thatias explored in this paper (Table

2) seem unattainably long, they are required for populations living in citesammiwill be needednore in the

future (Moore 2020a)Covid19lockdowns saw use of POS rise dramatically as people needed time away from
their homes and opportunities for recreation in space that catered for thpdiysical, mental and social
wellbeing. Use remained high after lockdowns ceased and we have been giwesight into how important
treed POS will be as climate changesglimpse into the futureRecreational and health needs are going to
increase in theyears aheadnd the impetus for increased connected open space is likely to be ecordhgc
increasel health costs of populations where obesity is already a major problem, condgdeal by the effects of

an ageing population (Astdlurt and Feng 2016). The question that immediately arises is, "How cahyengl
functional POS connectivity be achieved?"

The 5kmhr!average pace for walking was consistent with other research and @emsalk slower with a
pram/stroller or carrying a young child. For the other activittbsre is a wide range of paces and distances with
skateboarders reachingpeeds up to 100 kmHrandtypically scooter speeds are three times faster than walking.
For these and other activities, such as running and cyclingikielg that the faster you go, the shorter the circuit
required. Long distance runners and cyclistgquire longer circuits (Table 2), but fortunately their needs are
similar- a circuit of between 120km. There is a temptation to think that if you meet the longest need for
connectivity then you automatically meet all needs, but thisot necessarilthe case as long, linear loops such
as those along rivers, freeways and railways need to have crossing poidistances that are appropriate for
the shorter requirements.

One of the more obvious ways of providing long and unimpeded connectivity weuld énsure that there is
access for passive recreation as part of all bridges that spans yinoads or railways. This can be relatively easily
and costeffectively done at the time of construction or renovation kuisidifficult and often prohibitively coy

to do retrospectively. It is far more cost effective to implement connect®s h anticipation of need rather
than being forced to retrdit under the pressure of subsequent demagkdgure 2)

Opportunities to find adequate space to expand and improve the connectivityO&aRe usually limited
particularly in highly developed older suburbs where lamtleis at a premium in most Australian cities. We
must be prepared for changes in modes of transport (Croeser 2021). Autarsovedicles (AV) anghrticularly
electric AVs will bring dramatic change to the way people travel ataitres. It is highly likely that such vehicles
would not necessarily be owned by individuals, but rather offered as aupiend dropoff service. If this is the
way things develop, there would be a need for multiple pipkand dropoff points, but there would be a
reduction in the need for individual vehicle parking spaces.
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Figure 2 An expensiveetrofitted tunnel providing access under a busy suburban road for a@hicular users.
The tunnel addressed major user safety concerns, but at very higgt.c

Under this scenario, there would be a very significant drop in the demand for bgihr&aaind roadside parking
spaces. In most cities the impacts of this will be falol. Many local government agencies will suffer a major
revenue decline, but very significant areagpobliclyowned and controlled parking space would be freed for
other uses. Many of these parking spaces were fmygreen and treed POS that were cleared and allocated
to parking to meet public demand. The land is still POS everififiimal green componentads long gone. Not
only will there be considerable space made available for conversigneenspace and perhaps munkeded
sporting facilities, but much of it is located in parts of citidsere it could be considered for extending the
connectivity of tred green POS. This presents a once in a century opportunity for extending treea &g/
established parts of Australian cities. This chance to plan for properly ctsthBOS that meets societal needs
now but more importantly well into the future cannot be squanderbdepresents an opportunity to improve
tree numbers and canopy cover on POS at a time when both are declining on privéiie lmany Australian
cities. With climates changing is an opportunity that could make a massive differencehi® liveability and
sustainability of our cities.

This land has considerable value and already there are parties looking tbase spaces for domestic housing
and commercial activities. Many of the parking spaces are ineprial estate locations andose already
lobbying for access are very well connected and resourced. One of the [@bteseis for car parking spaces is to
use them for micrehomes and offices that will be built in modules to suit the spaeailable and to utilise
services already onite or below the road pavement. The midnomes could be prefabricated like shipping
containers and may be two or more levels high. Such plans are well adyawiedonnected treed”OS and
greenspace idesiredthen it must beconsideredhow as delaymay lose the opportunity.

One common and sometimes recurring obstruction to connectivity for soreesus stepsTheseare not a
barrier to most walkers, but can be to cyclists, runners and skateboarders, tubelers andscooters Over
recent years, rmps have been incorporated into designs for disabled access and these could affo
opportunities for runners, cyclists and skateboarders, but frequently thegdesicommodates a single purpose
or user groumnly when with a little more thought, all usecould be satisfied.
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Other limitations to the use of wetlonnected open spaces can be the absence of basic facilities sudletss to
access to drinking water, proper signage and distance markérish can present as effective barrgdp the
use of thewhole connected POS. The presence of shade over summer months can expand lmttethend
frequency of use o& space (Butler 2016). This places a premium on treed connected POSrimesuhen
routes shaded by trees are more frequently used. Sometirhesseparation of activities utilising connected
open space needs to be considered. Unnecessary separation can be costly addiskaaad higher usage rates
can give a greater sense of safety due to the “safety in numbers” phenom(&mgure 3) For safef, separating
traffic in key places, such as sharp bends, atop rises, through tunnelacaoss bridges may be all that is
required (Moore 2020a)

The materials from which the paths of POS are made vary depending oteclgoétype, usage and risks such
as fire or flooding and may either facilitate or act as a barrier to usea@sgfeed to be durable and nstip,

but the same surface does not necessarily meet all user needs. A softer métgdaél or granitic sand
sometimes mixed with site soil) may be preferred by runners as it has a lowacttian concrete or bitumen
and is less likely to cause leg injuries. Distance runners avilitonsiderable distances to take their “long run”
on a softer track and especially ifetihoute is treed and shaded in warmer months. In parks, there are often
desireline tracks parallel to paved surfaces made by runners with a view tdiagahe hardesurfaces They

are testament to the need for walkers and runners to have a softer surface, atitfact that this need is
unmet.

Figure 3. An opportunity taken for separating cycle and pedesstriraffic along the trail adjacent to the Yarra
River inMelbourne.

In places like waterways or along railway lines, it may be possibleablméh requirements by paving one side
of the river or tracks and leaving the other unpaved. Connected circuits havadvantage that you can take
them in different directions. lisamazing how different the user experiencan bewhen the same path is taken
from the opposite direction. New things are seen, view points are differentthack is even a different sense
of distance travelled. In relation to connected POS along rgilinas, the planting of tresto improve amenity,
provide shade and sequester carbon is often thwarted by engineering demandiefmances and safety, but
in other parts of the world these transport networks are green corrideith trees growing muchlaser to
infrastructure than occurs imany parts of Australi#Figure 4) Perhaps Australians are more risk averse or
environmental and health concerns matter lesgsare we clinging to a paradigm of an earlier era that focused
on a very narrow definition of health, safety and risk that needs to be redered in light of climate chan@e
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Figue 4. The value of shade is seen in increased use and user aiish in summer months in warmer parts
of China.

Provision of benches for resting at appropridistances, especially for younger and older users, and in numbers
suitable for the volume of user traffic will facilitate use (AsBalit and Feng 2016hading seating with
appropriate tree plantings will increase summer comfort levels ancdasauseand user satisfactionLighting

can both extend the time of usage and greatly improve the sense of user safgtyred® morning or later into

the night. Extreme weather events, either seasonal or occasioral to be considered as flash flooding can
impose a barrier to connected POS and pose danger, especially to childnéraderthat prevents flooding and
improves user safety is often a necessity. The possibility of fimgmmg in connected POS must be considered
for user safety and as a poteatrisk of fire spreading from the POS and posing a hazard to life and propert

Conclusion

In many other disciplines, connectivity is a term that is cledefined and used with a metric. For recreational
POS, connectivity should refer to linear distance that is unimpeded or unobstiuoteasured as linear
kilometres and long circuits of up to 20 km are required to meet user needs. In urban planningphjketive

of POS should be improved and extensive connectivity for specific purposésture generations of city
dwellers. Planning must aim to achieve the maximum possible connectivityefe urban works and when
renovating old infrastructure where connectivityas not previously considered.

For future generations, the health needs of urban papioins are going to be major drivers of urban design and
planning. The capacity for increased and meaningful active and passiveti@trezer long distances will be
the hallmarks of sustainable and liveable cities. Appragiyalong circuits of connected POS are going to be
essential urban infrastructure under conditions of increased urban populaémsityand climate change, not
as a luxury for a privileged minority but as a vital component of a susti@ireconomy for the majority and a
right of all citizens. Connectivity of POS is not an optibiis essential as societies cannot afford it to be
otherwise!
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APPLYING WATER SENSITIVE URBAN DESIGN TO SUPPORT GREEN
INFRASTRUCTURE IN SOUTH-WEST WESTERN AUSTRALIA

Shelley Shepherd
New WAter Ways and Urbaqua

Abstract

The southwest of Western Australia has been affected by the impacts of climate charlgdintincreased
temperatures andleclining rainfall and runoffito dams. These impacts are likely to continue into finere,
together with the possibility of more frequent, high intensity rainfall mige The application of water sensitive
urban design and water sensitive city principles is being inarglysrecogried for its ability to moderate urban
heat island effets and deliver more liveable urban environments that incorporate greeastrficture. This
paper shares some of the approaches to water sensitive urban design thabrsupp creation of green
infrastructure in Western Australia, including some of toels and practices that are supporting improved
outcomes and fostering increased adoption.

Introduction

The Perth and Peel region continues to experience high levels of populatiovthgrCurrent housing
construction practices usually involve the complete clearingtessind very limited restablishment of tree
canopy. This practice is generally the same for both lamgde greenfield development and medium density
infill development. The continuatioof this form of businesasusual development is thefore likely to lead to
the creation of hot, dry landscapes wigoor amenity which will lead to a further decline in community and
environmengl health

This conclusion is supported by receesearchconductedby the Cooperative Research Centre for @/at
Sensitive CitieCRCWS@nd the Western AustraliaRlanning Commissiowhich determined that ‘without
significant intervention, 'business as usual' redevelopment will has@naiderable negative influence on urban
hydrology, resource efficiency, urban heat, liveability and amenity’ (Lored@l. 2020). The financial cost of
these effects is high; for every new medium density infill development dwelling tisean additional cost of
$1,460 per year to the wider community due to sojstimal outcomeswhich equates to a $29,200 capitalised
cost (SGS, 2020).

The term ‘watersensitive urban design’ (WSUD) was coined in Perth, WA, in thel&®0s by a collective of
engineers, environmental planners and landscape architects concerned wiitoving urbanstormwater
management (Arguet al. 2013). Itis a contemporaryplanning and design approach to managing the urban
water cycle through integration into the natural landscape. It incorpaatee sustainable management and
integration of stormwater, groundwater, wastewater and water supply itite built form to achieve water and
environmental outomes as wellas aesthetic, liveability, and urban cooling outcomes (Pubbmsport
Authority et al. 2020).

The application of WSUD to create water sensitive cities has been aeegunt of development in Western
Australia since 2006. While there haveebea number of issues with the adoption and implementation of WSUD
solutions, the approach is being increasingly supported by the development igdostinderpin the creation

of green, liveable communities.

Discussion

A number of state and local government agencies and members of the develfdpindustry were active
participants in the research of the CRCWSC and formed a community of @retiicated to the creation of
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water sensitive cities across the state. Some of the key learnings from thigapn d research include
identification of the principles of practice thatere the most effective and/or ha greatest resonance with
industry andwere therefore effective implementation/delivery tools. Those thatdgreatest relevance to the
delivery of greennfrastructure include:

x Understandng how water influences urban form

X Creatng multi-functional places that support recreation, environmental and social wallgle
providing critical flood protection and water quality functions

Facilitatingpassive irigation of street trees with stormwater

Recognisinghe cooling benefits of water in the landscape

Using support provided by policy and guidelines

Project deliverythroughcollaboraton whichincludes asset managers

X X X X

With particular focus on the deliveryf green infrastructureeach principle is described briefly below.
1. Understanding how water influences urban form

The natural movement of water across a lgvadient landscape is to meander. This is often at cross purposes
with current design and engineering practices which are proposed to suppoiégtfrovision of infrastructure
and movement patterns. Guidance for the creation of water sensitive strapescthat incorporate areas for
infiltration and vegetation was released nearly 30 yeage.aAlthough this intent has been incorporated into
current planning policy and guidelines, its delivery is atsogith contemporary urban design practices which
are to create flat, regular shaped blocks to support the form of housing asmi&in occurmg in Perth (usually
double brick and tile on a concrete slab). This reduces the opportunity to esdelvater in the urban landscape
and supports drainage in piped networks rather than in natural, curved road layoutsandaring streetscapes.
The abiliy to retain vegetation and mature trees is also reduced as a result ofdbeto fill” earthworks
practices that are applied in order to create fdlbtments Thiseffect has been furtheexacerbated by a policy
decision which allowed a reduction in verge widths to 4.5m, reducing the oppitytdo plant trees in
streetscapesThere is now a push from the planning fraternity to increase verge widths tode@nough space
for urban greening, amenity and urban cooling.

Figure 1 Conventional and water sensitive road layouts and streetscapfesni Wheelanset al. 1994)
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2. Creating multi -functional places that support recreation, environmental and social
values while providing critical ~ flood protection and water quality functions

The value of land is constantly increasing so it is importarttithaise is maximised through smart design to
accommodate a range of functions that can occur at different times. Téaion of multipleuse orridors and
public open spaces that effectively manage stormwater is now roioguwidely, particularly in greenfield
development areas across Perth and Peel. These spaces are designed sedhentfrrainfall events are
managed high in the catchment @gderentially on lots and in streets) in vegetated areas that deliver water
quality benefits, while infrequent, larger flood events are accommodateavals or other areas that are used
for recreation for the majority of the timén addition, as these spas are often in low points (so the stormwater
can flow there), they can provide opportunities to retain vegetation anddree

Figure 2 This area provides social and recreational benefits and can margigrmwater from a major rainfall
event, with floodwaters draining into underground cells in 24 hours, so it can baikable for recreation again
quickly.

3. Facilitating passive irrigation of street trees with stormwater

The usual Perth practice of building large, single residential houses on rectamg@00500n¥ blocks leaves
limited room for gardens or tree#ccordingly, the streetscape is increasingly being seen as the only oppgrtunit
for greening and urban cooling.

Application of water sensitive urban design in streets provides an oppity to enhance tree health from
passive watering. This requires the street drainage systems to be ddssgrthat stormwater will run along the
streets and into tree pits or raingardens where it provides a source tdnfar the plants, and any pollahts
in the stormwater are taken up by the vegetation or bound to the soils.

Tree health can be further improved through the use of structural ¢elfgovide a frame for construction of
road infrastructurethat is thenfilled with uncompacted soil whichromotes tree growth. These cells can also
assist in managing large volumes of stormwater and eningrgroundwater recharge. The benefits of passive
irrigation have been reported by the CRCWSC and are shown in figure 3.

Figure 3 A: benefits of passie irigation of trees, B: trees after 4 years groth in a car park builfwstructural
cells, C: trees after 15 years growth in a conventionally engineeradpeak (Source CRCWSC, 2020).
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4. Recognising the cooling benefits of water in the landscape

The sixth assessment reporteleased by the Intergovernmental Panel on Climate Change (IPCC) (Climate
Change 20212022a, 2022b) highlight the critical need for our cities to addressrubeat to mitigate impacts

on the health and wellbeing of the community and the environment. The CRCWSC haeedted the cooling
benefits realised from the application of water sén& urban design in urban landscapes (see
https://watersensitivecities.org.au/urbaieat/), noting that

WSUD reduces air temperature by retaining water in the urban landscape and increasing soil moisture. This
promotes evapotranspiration and leads to a cooling effect, much like an evaporative cooler. Thogitithér

role of WSUD is that it increases water availability for vegetation to strengthen tiegceffect of
vegetation and keep it healthy. For trees and vegetation to provide maximum cooling capacity, it neust hav
sufficient access to water to support transpiration and maintain a healthy canopy to provide shade. WSU
also supports a range of multiple benefits. Integrating WSUD and vegetation, especially trees, should be a
key component of any urban heat mitigation strategy (Coutts et al, 2015).

Further work by the CRCWSC demonstrated a water sensitive urban precinctheadwave conditions was 2
to 4 degrees centigrade cooler than a conventional precinct (figyreit) most benefit arising from increased
permeable surfaces, trees and vegetation, and irrigated open spacedqiet al. 2020).

Figure 4 Modelled human thermal comfort temperatures resulting from conveatial urban design (left) and
cooler temperatures of WSUD and green infrastructure (from Londral. 2020)

5. Using support provided by policy and guidelines

The requirement for planning proposals to address water resources and inebepmater sensitive urban
design approaches was introduced in WA in 2008 through the gazet&faté Planning Policy 2.9: Water
Resource$WAPC, 2008). A review of the implertegion of this policy was undertaken by the Department for
Planning, Lands and Heritage in 2019, leading to the release ofadewlicy for public comment in 2021. The
draft State Planning Policy 2.9: Planning for W t®APC, 2021) now requires th&lanning and development
enhances amenity and sense of place associated with water resources, which in turn protectepliblend
increases resilience of the commurififhe application of these policies is supported by guidelines which outline
how waer resources should be addressed at each stage of the planning and developmemtapmrocess.

The creation of green infrastructure to deliver amenity is further suppblig the design principles contained

in State Planning Policy 7.0: Design of the Built Environif2it9) and the related guidelines which require

deep soil zones and implementation of water sensitive urban design. ltdd foowever, that the lack of specific

criteria for green infrastructure, particularly for trees imests, can result in a focus on delivering other criteria
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that have been long established, such as the standard stormwater maregemiteria set out in théecision
Process for Stormwater Management in Western Aust(8IWWER, 2017).

6. Project delivery through collabo ration which i nclude s asset managers

The management of water resources is the sharesponsibility of landowners/proponents, government,
service providers, industry and the commun{@/APC, 2021). Accordingly, it is critical that the full range of
disciplines involved in designing, constructing and maintaining our urban |lgyesese engaged as part of the
design process. This will ensure that competing perspectives are unddratal outcomes can be optimised
rather than compromised. It is also vitally important thateteventual asset manager, usually the local
government parks or natural areas team, supports the strategies tiedb@ing proposed and that consideration
has been given to the ongoing maintenance requirements of the proposed landsd@dps<an be achieved
through establishing early collective agreement on the vision for the aitd demonstration of how this is
achieved at each stage of decisioraking.

Conclusion

Ealy attempts to gain support for WSUBDcusedon the management of stormwater and flooding, delivering
water efficiency and providing appropriate water and wastewater serviResent awareness of climate change
and the value of treeand other vegetatiornn the urban landscape has provided a more powerful platform for
the delivery of WSUDncluding a focus on green infrastructure, particularly in oureetscapes This
contemporary focusrequires multi-disciplinary thought, collaboration and application tnsure waer
management strategies support delivery of improved climatalagical, social and economic outcomes, rather
than just meeting thestandardstormwater managemengwater quantity and qualitygriteria.
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INNER SUBURBAN UNLEY IS THE CANARY IN THE MINE

Mayor Michael Hewitson AM
City of Unley, South Australia

Abstract

The City of Unlefgjad 574 hectares (ha) of tree canopy cover in 2000 after having lost & lyg@eon average
in the ten years to 2018. Canopy cover dropped from 34% to 26.6%. Th&2®l8cted Members responded
by accelerating tree planting on Council land to achi2ve per year. National prizginning IT work enabled
Unley to involve and inform citizens and property owners of the tree canopy coviheir property. Along with
traditional giveaways, educational programs and financial help to ownersrplage trees, the annual loss of
trees on private property has been reduced by another 2 ha. Today Council has just 400duairrg. The
information derived from Council’s LIDAR data has pinpointed the problens@ntions. The 20226 Council
working with the Gogrnment of South Australia’s Minister for Planning has the infornmatemjuired to enable
Unley to achieve the State Government's 31% target. This will enable Unkemainrliveable in a time of rising
temperatures. Without action, the 5Ctemperaturesexperienced in Western Sydney suburbs with less than
10% tree canopy cover will be ours.

Introduction

The City of Unley is seeking to trial an initiative to preserve trees e@atprproperty. The trial requires the
approval of the South Australian Government. Whilst preserving and providdegtives to grow trees, the
initiative does so without restricting development withimly. Council has sought the Minister for Planning’s
approval to engage in public consultation with citizens and property ownessliey about introducing a scheme
that would ensure new developments either retain and preserve a minimum of 15% tme@yar contribute
to a land offset fund to support Council’s purchase of land to plant trees. €aucts to determine whether
others have already introduced a similar scheme, to provide evidehatit will deliver the outcome we expect,
found no one using this approach. Our proposal appears to be afitgido ensure the growth of tree canopy
cover in inner city urban areas. The afrthis trial is to enable Unley to be able to reach its kergn goal of
31% tree canopy across the City. The trial requires only dienegty ministerial approval and requires no
legislative amendments. Should the trial be successful, itdvptdvidea model that similar inner urban areas
around the world could implement.

The Problem for the Canary

The City of Unley is located adjacent to the central square mile of Adelaide,
South Australia’s capital city. It is an invo#tly urban area with expensvand
values, and it hathe lowestper capitaopen space provision in greater Adelaide

at 3% or <8m2 per persofCity of Unley 2015)The council area with the next
lowest open space provision is Prospect City Council, in inner norttisiaide,

with 11mz2 per person. In 2016 the GovernmaritSouth Australia set a 31.2%
tree canopy target for the City of Unley in its-8@ar Plan for Greater Adelaide.

By 2017 Unley’s canopy cover had decreased to 26.6%, down from 34% twenty
years prior Figurel). In the first decade the rate of the loss of trees accelerated
to 1.3% per year and during 2007 the City was losing an average of 2% of its
canopy cover each year. The greatest loss was on private property, dropping
from 31% to 21%. In this short time Unley had lost a third of its treercon
private property.
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The environmental impacts of tree loss were highlighted when in 2018 theerBaasnd Northern Adelaide
Collaborative HeaMapping Projec{Seed Consulting Servioesal. 2018)demonstated the contrast between
two adjacent streets with a @€ temperature differential (Figure 2). Such a dramatic temperaturerdifte on
hot summer days is reported across whole suburbs in Western Sydneg2019)where tree loss isubstantial
due to subdivisions and development. Indeed “in some areas the difference wastham 10degrees.” Parts

of Western Sydney are predicted to have more regular 50°C days esuimle unliveable at times, except
underground. If nothing is changednley will continue down the trajectory of a low tree canopy and the next
generations will share the problem of those in Western Sydney living im@p&kreet, where Daking Street's
10 per cent coverage means it is left baking in the sun.”

Figure 1. Caopy cover change in the City of Unley between 1979 and 2017

Figure 2. Street tree canopy cover of 30% reduced the temperature@CIlcompared with canopy cover of
10%.

Council Initiatives

In 2018 a new Council was elected to the City of Unley and kleated as their new Mayor. Campaigning
specifically on the need for more trees in Unley, and without any hard datad Ickaimed that a major
contributor to the loss of trees was new development that increased the faith on the land and private
property. | proposed that all new developments should either include trees orrituté to a tree land offset
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fund to enable Council to plant trees. At the time it was not a feasible policguse Council had no means of
policing the policy to ensure compliance. Local Government hasdbponsibility to set rates, so financial
incentives via rate rebates were consider&u2021 the Conservation Council of @#blished“A all To Action,
ProtectingAdelaide’sTree Canopy’ (Ballantyneet al.2021)and proposed that a financial mechanism, including
the use of Council rates be used to share the cost burden of tree ownership betivegmdperty owner and
the community. These and similar measures are part of targetediticantive schemes operating in lég and
other Councils. We provide a taxpayer funded 50% subsidy to maintain largevitéeh are categorised as
significant or regulated tree@Sovt. of South Australia 2022)/e conducted a Tree Voucher Giveaway, where
winners were able to redeem an $8@ucher at local garden centres toward the purchase of a native,
ornamental or fruit tree which would grow to at least 3m tall at maturityCénservation Grant is also available
to assist property owners to preserve significant tré€gy of Unley 2B1). Our verge soil replacement program
also contributes to the greening of urban streets.

To obtain a birdeye view of tree canopy change across Unley, a program to capture thisvdatdeveloped

in partnership with geospatial technology company AerometilgAR aerial surveys were used to compare
changes over a period of three years. Unley then undertook a study to determintevtibe LIDAR data could
be utilised to enable every property in the City to have its tree canopy coweepge included onhteir
quarterly rates notice, which as far as we know is a wortd. In addition, theé My Canopyapp (City of Unley
2022)wasdeveloped as an educational tool by which residents can view their prop2Qg® tree canopy cover
and then compare it to the cover in 2021 (Figure 3). This is part of ok t@ help maintain the leafy amenity
of Unley for future generations through oiiree StrategyCity of Unley 2020Yhanks to the innovative work of
Unley staff, this project won the City of Unley the 2022 National iThews Bearkhfvard{iTNews 2022)The
project was warmly received across Unley and residents enjoyeessitig thedata on the app. We set a
benchmark height for tree canopy as 3nowever the LIDAR data captures the height of every tree across the
City of Unley which can be viewed via the app.

Figure 3. Tree canopy cover loss between 2018 and 2021 at a primaigerty

How can LIiDAR Data be used to drive solutions?

The usefulness of the LIDAR data in monitoring canopy cover and height pfydaridnley continued to prove
worthy. Council staff endeavourdd filter all property development applications across the thyemr period

to identify new developments which would increase the built form. These prasedould then be checked
using the LiDAR data, and for the first time the change in canopy cover coulg@tbesdawith an accuracy as
small as 10 cm2. The data showed that each year 50% of the loss was due fi?just2developments that
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increased the built form. However, 220 similar new developmértseasedhe tree canopy by 13.45%, which
showshow vital it is to have access to accurate data (Figure 4).

1297

Total Properties with Building
Area Increase

661 636

Properties with Properties with
Canopy Increase Canopy Decrease

+13.45% -35.70%

Canopy Cover % Change Canopy Cover % Change
Figure 4. Average positive and negative canopy change due to developmetween 20182021

Bronze medal and fool’s gold prize

During a period where there was tree loss generally across metropolitefaidld, we could claim that Unley
was on track to wonderful success, heading towards our 31% target, andl lm@ak out the celebration! The
City of Unley has increased its tree opg on Council’s land by 5.19% reversing the downtrend of past decades.
A dramatic turn indeed, from 6% down in three years to 5.19% up. Our overalivity coverage went up
from 26.63% to 28% (Figure 5), only 3% more to go. However, through theweaere able to seesverytree
planted and removed and what it shedwas that two treeswere being remoed for every tree planted. The
data also showd that most of the plantingvas on public land. Therefore, to maintain the current uptick, we
would be relying on existing trees staying alive forever and continuing te, gmat we will run out of land in five
years. Our Council contribution is limited to 6.4% of the 31% tafgmthe long term, we are losing 1% of our
canopy on private property each year. | will describe in very simple terms evongterm trend working as

is, will turn Unley into a large version of Western Sydney’s Daking Stvigbt50°C temperatures that call
instead be 40°C if canopy cover can be increased ta 30%

Figure 5. Unley’s total canopy cover increase (public and gevand) between 20182021
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Unley’s submission to the Minister for Planning

The City of Unley’s bmission to the Minister for Planmj seeks approval to conduct public consultation on the

following approach to sustaining tree canopy cover:

X When a development application is lodged, an assessment of tree canopyaotee property would
be made against a target canopy cover of 15%is Target aligns with the State’s new planning code
which makes provision for sufficient ‘soft soil’ to enable all new devetpmto be able to grow 15%
tree canopy cover should they choose to do so.

X If the 15% target is not met when the development is completed, the property owweitd be charged
an additional 10% of their rates, until such time as 15% canopy covdrié&ved on the property. If the
15% target is met at the time of development, the additional charge wouldedmposed.

X Theadditional income received by Council would go into a tree land fund to purchaséoaddliind on
which to plant trees to achieve the desired canopy cover.

X Legal advice indicates that for the concept to be implemented it would recaritendments to Sectn
154 of the Local Government Act to enable Council to impose a sepatat directly connected to this
purpose, or the Minister for Planning could approve the creation of an oftset fn accordance with
Section 197 of th®evelopment and Infrastructure Act 20(%A).

As we wished to go to public consulation about trialling a tree land offset &nd just ministerial approval was
needed, we requested the following:

X The Minister for Planning approves the creation of anetffand in accordance with Sectid®7 of the
PlanningDevelopment and Infrastructure Act 2016.

X The sole purpose dhe offset fund is to enable Council to purchase land to plant trees on.

X Councilbears the costs of planting and maintaining from recutmr@venue.

Importance of the Planning Code

The new South Australian Planning Code includes rules that are essential fuffssirfund to be fair for all.
Incentives need to work hariti-hand with planning rules. Together the proposed trial will enabkertiies to
achieve actual outcomes the state government will otherwisié tfa deliver. Our proposal will encourage
developers to consider retaining existing trees to avoid contrifguto the offset fund. However, some new
developments will be on land §tiped of its trees and sold to a new owner. Whilst the vendor has to declare the
annual rate to the buyer, if the tree canopy cover is less than 15% the ithteslude the 10% contribution to
the offset fund. The new Planning Code enables and incessitie new owner to achieve the 15% tree canopy
cover, but our proposal builds on that.

Our proposal relies on the parameters within the Planning Code that ensurdhbatevelopers and/or the
future owners are able to plant trees to achieve the minimusfrdcanopy cover. However, the Minister queried
the need for initiatives beyond the Code to achieve the target cover:

“The Code introduced new criteria in March 2021 to require the planting/retention of at least one tree
per dwelling for new infill housingind a minimum 10 per cent to 25 per cent of the site for soft
landscaping (which is a defined term). | query reasons why the soft landscaping criteria might be
considered insufficient to achieve the Council’s intended outcomes and suggest that the operation of the
soft landscaping and tree planting policy be similar outcomes.”

Before | outline shortcomings in the Code, | seek to explain how thesevareame by our proposal in a
symbiotic way. These new regulations concurrently highlight why the new iRau@ode is vital to Unley’s
proposal, and why the Code on its own will fail to deliver the tree canopy haped$ it stands, there are no
incentives to ensure plantings occur, aifittees are planted that they are retained and encouraged to grow.
Courcil will monitor the effect of the new criteria for twelve months, but we aceical that it will make a
difference. When cycling around Unley | observe what is happening on the ground. Imeeium density
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developments | see that the required soft soil is there and the tree is pla@edmonths later most of the
trees have died or been removed.

However, the Code does enable the proposed offset scheme to apply to develapgrsubsequent owners
alike. It means future owners who wish to plant a tetwo, can achieve the 15% minimum canopy cover
which the City needs to remain liveable within seven years. Subsequent ownlen® \ihger incur the 10%
additional rates as they have over 15% tree canopy. The code makes @aspdooffset scheme a rka
financial incentive for both current and future owners to plant and retain sre®ll the money raised by the
offset fund will be used to buy land on which trees can be planted at Council’'s exfjémseffset fund would
provide an immediate source of mey to gradually buy land. Whilst it would take 200 years to buy sufficient,
the proposal is essentially an incentive scheme to encourage the devado@efuture owner to plant trees.
Councils can think long term. Council debated whether the offset contribugimuld be higher, up to 20%.
The trial would produce the answer to this question. If 10% achieves the chébgbaviour, why go higher?

One problem with the Planning Code is that therdinsited means of enforcement and the provisions if
enforced would fail to deliver mature treesCouncil does not have the resources to chapkyear after year
the accumulatinghumber of developments since the codenother problem is, unfortunately, the Code seeks
to be a ‘one size fits all’ approach across the entirety of South Austrhlizhweomprises a diverse array of
landscapes and council areas, including those with a higher ¢tafacachieving a vast treeanopy than their
inner-city urban counterparts such as Unley.

“The introduction of the Code sought to realise consistency in the planning rulesebetlifferent
council areas, while maintaining distinct policy in similar contexts (suchaaacter areas activity
centres, employment lands, etc.). Consideration should be given as to why the Councilswthisant
unique financial measure as different from other councils. It is recommended that you engage with other
councils and the Local Government Association of South Australia to determimstimewhether or

not such a scheme might be applied more broadly.”

It is easy to blame someone else for a dead canary

Following the formation of the new State Government in March 20B&,Qity of Unley formallypgproached
the newly appointed Minister for Planning, the Hon Nick Champion MP, to allowgestb public consultation
on our proposal. The Minister was receptive but requedteat Unley also seek the support of the opposition
to ensure a bipartisan approach. The new Opposition provided their support fey'drgroposal, albeit in a
press release calling on the new Labor Government to ‘follow (@peirs 2022)

Communication is key

Politics has been said to be “the art of the possible”. Withltii2ARlata being so accurate and detailed | was
confident that the implications were sedvident. However, | concede as the Mayor of Unley, my communication
on the issue caused eyes to glaze over. The fact that the tree gandpgnley is 3,999,771m2 is mearliegs.|
have since changed to try to deliver information in a clear and concise mdnmas. use the example of Unley
Oval being 2 hectares (the amount of canopy currently lost each year) to pravidal example of what a
hectare looks like (Table 1)o keep it simple:

“Inner city suburbs across Adelaide are losing tree canopy cover. Thef Cibley has just 3% open
space. Council land, open space, buildiagd roads amount to just 16% of the total land area. To be
cool and green, Unley has a target of 31% canopy cover. Councittis@laut the remaining Council
land. When we have fully planted all of our land this will achienly 6.4% across th@ty as a whole
with no land to plant any more. The solution is to plant treegpownate property.”
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Table 1. City of Unley’s land area, canopy area, and annuabpg loss in 2021:

Total area of the City of Unley 1,429 ha

Total tree canopy 400 ha (28%)

Previous decade annual loss 8 ha

Current annual loss 4 ha

Annual loss from new developments (200) 2 ha (50% of all current loss)

Empowering our Community: planting on private property is a must

Shaping Unleys a model of engaging our community to actually propose and design policgen@uipublic
consultation occurs when policy is presented for public feedback. In Shaping Uelaye wn the first step for

the public to develop a policy for Council to sater. In some European cities such as Trikala, Greece, the public
are able to vote to choose policies they wish to be implemented.

Unley Council is taking a step towards the European Smart City methodologsigo deCitywide strategy. This
method isnew to Unley. A longtanding problem being worked on is to develop a-witgle parking policy. A
Shaping Unley process involves our community from the beginnistepping through the problems,
opportunities and possible solutions in a collaborative w&gure 6).

Figure 6. Shaping Unley is a model which supports commurgtyagation of new policy

Using the Shaping Unley strategy may be a good way for our community to understgnal declining tree
canopy on private land is everyone’s problem. Solutmorssidered will benefit from a wider pool of ideas being
considered and from community support for their introduction. Potentiatlypay prove to be a way of kicking
the can of continued canopy loss down the road so that nothing workable is lycaddieved. However, it is
very clear to an increasing number of people in Unley that many new developmédhteswit in a permanent
loss of trees resulting in a hotter city.

To engage with our community, to work through alternative ideas for firsacid aher incentives for our tree
strategy, Shaping Unley is both important and valid. Whilst we need Statri@oent support to solve 50% of
our ongoing loss, Council considered a wide range of incentive scheradsltiess the other 50% we have the
power to &t on.

The good news is that in 207 we were losing 8 ha of our tree canopy each year. The previous Coured star
planting two trees for every one removed and was offering the usual mix of inesntiFrom 2018 with the
educative power of LIDAR datayr accelerated planting of an extra 450 trees on the remaining Clolamci,
and creative incentiveand help choosing a tregvehave helped slow the rate of loss.
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Financial Incentives

| believe a financial incentive for property owners to retain or plaeesris the lowest cost way for residents
who cannot grow their own trees to live in a suburb with 31% tree cover. Mulations suggest that an annual
$100.00 of rates to buy land and plant trees on would achieve less for thoseamhotglant tees than $1.00
of rates used to private financial incentives. Why?

Council spends over 6% of our total budgeti@es ($2.27MLOin 2019 of about $38m).\@r a third of Unley’s
residents are tenants of rental properties who do not have the same freedoprent and maintain trees as an
owner-occupier. We need to be mindful of lotgrm renters who contribute to rates through their rent. Some
renters and owneoccupiers live in muHstory treeless units. These residents pay 6% of their rates for Council
to maintain and plant trees on Council land. This means their money provides4os of the tree cover across
the whole City.

Ideas for a small rate rebate paid to owners of properties with tree cammpgr above the average for their
suburb, could deliver more trees at a fraction of the cost of paying Coungilytdand and planting trees on it.

| live in the suburb of Unley with just 19.1% canopy cover, Urdely Ras 33.2% cover. | believe a financial
incentive for property owners to retain or platrees is the lowest cost way for residents who cannot grow their
own to live in a suburb with 31% tree cover. My calculations sudgastin annual $100 of rates to buy land to
plant trees on would achieve a lower outcome for those who cannot plant tileas $1 of rates used for
financial incentives to plant trees on private property. Ficiahincentivewvia rates for ruralandowners to plant
trees have workech Australia ina council with3% urban and 97% rural aréacenic RirRegional Council 2021)
The blame game is politically easy... with our LIDAR data we kno@aiacil can trial new incentives that work
to reduce the annual loss from 4 ha to 2 ha. The final 2 hectares we canrois Tependent on the support of
the Minister forPlanning.

Conclusion

Education andncentives have reduced but not stopped the loss of tree canopy in Unley. Withoutpipes

of the Minister for Planning, the City of Unley will continue to lose odee@ares of tree canopy year after year

resultingin ever hotter scorching summer days. The trial of an offset lamdl foroviding an incentive for

developers to retain and plant trees could enable a worldwide solutiomfuerisuburbs to increase their tree
V1% C A]§Z @& +pod]vP & igms3]}v }( K u]ee

Note: Appendices follow references
Appendix A: Submission to SA Government
Appendix B: Will Unley see our tree canopy cover drop to 13%
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APPENDIX-ASUBMISSION TO GA@H SOUTH AUSTRALIA

New developments that increase the built form are crucial for Unley Council to
achieve a long -term tree canopy of 31% canopy cover across the city.

1. Tree Canopy

X
X

The City of Unley loses approximately 1,000 trees on private property per annum

Council currently has a street tree planting program that partly offdatddss but will run out of
public land to plant trees on within 5 years. Council is planB00 extra trees per year. The
maximum canopy cover across the whole city when Council Land is fully plarcely &.4% of
the 31% target.

Analysis indicates that if Council is to meet its kagn canopy target of 31% by 2045, an
additional 14,000 trees need to be planted within the next 25 years (in additidhdse being
replaced).

Most of these tree plantings will need to be on private land to increase tbe tanopy to
approximately 27% from the current 22%.

Council will need support from the State Government to buy additional lanchdddaxpensive
in the City of Unley.

Council has explored several concepts in relation to financedsores and favourene that
applies to new developments only, rather than one for all properties.

Development approvals that would result in an increase to the built footyninthe property (e.g.
two or more dwellings on one allotment; alterations and additions such-gsaand swimming
pools, verandas, and garages) would trigger the preferred concept.

2. Private Property 2018 -2021 LiDAR data

X
X

The average tree canopy on private property across Unley has increased2t.26% to 22.34%.
However, this is a temporary outcomesdiy due to the growth of surviving existing trees. Each
year more than twice as many trees are removed than new trees being planted.

Development Applications (involving Building Footprint Incrgémethe period June 201-8June
2021 show a decrease of tree canopy cover overall of over 22%.

636 of DA’s have a loss of 35.70%; and 661 an increase of 13.45%.

Many of the developments with tree loss are a permanent loss, as new trees cae plriied.
The LIDAR data for the City of Unley cleshlgws approximately 20,000M2 of canopy loss on an
annual basis.

This ongoing loss over years will mean that our target willogoteached and our city will

decline to an overall conopy cover of below 20%.
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Proposed Approach

X When a developmenapplication is lodged, an assessment of tree canopy cover on the pyopert
would be made against a target canopy cover of 15%. This target thgghithe new planning
code which makes provision for sufficient “soft soil” to enable all new dewedmts tobe able to
grow 15% tree canopy cover should they choose to do so.

X If the target is not met, the property owner would be charged an additioG&b bf their rates,
until such time as 15% canopy cover is achieved on the property. If on the otherthari®%
target was met at the time of development, the additional charge would notiposed.

X The additional income received by Council from the increased charges woultbgotiree land
fund so that Council can purchase additional land on which to plaestto achieve the desired
canopy cover.

X Legal advice indicates that for the concept to be implemented,

0 it would require amendments to Section 154 of the Local Government Act tde@alincil
to impose a separate rate directly connected to this purpose, should pipiach be used.
OR ......

Request from the City of Unley

X For the Minister for Planning to approve an offset fund provided for ini@et®7 of the
Development and Infrastructure Act 2016 to provide a financial incentivadw developments
to have 15% tree canopy cover.

X Section 197 (5) “An approval of the Minister that relates to a schenimtestablished by a joint

planning board or a council may be given on conditions specified by the Minister.”

The fund be held and managed by the Unley @dun

The sole purpose is to buy nearby offset land for council to plant trees on.

Council bears the costs of planting and maintaining from recurrent revenue.

Suggested it be a trial of at least three years to measure outcomes. An &ifsétrequires

updating each 10 years by the Minister.

X X X X
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APPENDIX-BWILL UNLEY SEE OUR TREE CANOPY COVER DROP TO 13%
Will Unley'schildren see our canopy cover drop to 13%7?

Using the 2018021 LiDAR Data Over three years M2| each year M2

Area Unley Council 14,290,000m?2 14,290,000

Tree planting 62,109 20,703

Tree removél 127,244 42,415

Target is 31% by 2045 i.e., 3%*14,290,000=428,700m? 21,435

Tree loss from new developments increasing built form 61,089 20,363

T Annual M2 5OI\)A/czears % whole of Unley

Unley Council has a 27.99% 2021 canopy cover 3,999,771 28%

We need to save 40,748 m? each year (p/a) -42,415

We need to plant 21,435m? p/a to increase to 31%  -21,435

StateOffset Scheme support will save 20363 m2 20,363

Free giveaways, education, street trees plant 20,703

SHORTFALL -22,784 -1,139,183 -8.0%

Without the offset scheme -43,487 -2,157,333 -15.1%

Canopy across Unléy two generations (341.5.1%) 12.9%

Canopy cover in 2045 will be 20.4% -1,078,667 -7.5%
20.4%
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A COMMUNITY URBAN FOREST STRATEGY

Kerry Gore

Abstra ct

The City of Glen Eira recognised it needed urgent action to increase its urbahdam®py cover.
Community members engaged with council to improve their urban forest and &qbrépance
approach was developed and applied to gressts community urbanforestry. Modelling tree
volumes, undertaking costings, informing budgets and implementatind aggregation of more than
20 separate project components into financial planningueed a successful commencement of the
Urban Forest Strategy (UFS). Comrimput led to annual budgets and lotgrm financial plans
being revisedo deliver an expanded list of 65 actions. Funding for Z22creased by1.35 million
for tree planting and replacement and $4 million for ongoing urban forest expan3ioa UB’'s
success now underpins components of other strategieduiting projects of the City®pen Space
Strategy Refresh 2026he Community Wellbeing Plan 202®025and theOur Climate Emergency
Response Strategy 2022025

Introduction

Glen Eira’s subugbcover 38.7 square kilometres of inner Melbourne. Tree canopgrdn\2002 was 25%, but
by 2018 this has declined to below 12.5%. Glen Eira’s populatiapppbximately151,000 residents in 2021
(.idcommunity 2022had declined by 3,026 in the previous 12 months, reducing the City’s populationydensit
4,011 residents per square kilometre. The City is landlocked and hasdlimitevzision of open space.
Development and implementation of the City of Glen Eira’s &8 was built upon:

X a project approachPinto 2017¥or UFSgovernancegSchuppert 2015yolicy, funding, implementation,
and action plans.

a communitywritten Master Plan and a UFS draft

baseline audit

community consultation/contribution, including irelatedlocal and state government plans and policy
urban forest industry evidence

legal, policy parameters and language

embedded storylinesLean Brand enablemei(rontify 2022

incorporation of the UFS within urban renewal initiatives amahale change strategies

splitting the growth of the urban forest from business as usual

adopting strategi@daptive managemer(Allen and Garmestani 2015).

X X X X X X X X X

A project finance approach is multifaceted and includes governarisk, success coverage, enablement,
alignment branding, strategy and policy, legal, resources, layered pplfitinding and finance, shareholders,
guarantors, input supply, and measuraligccess factors. The approach to a UFS is similarlylaydted with
benchmarking, costs, assessments, evidence, assumptions, cash floucaadssfactors and these having many
touch points (Figure 1)'he UFS covers the entire City of Glen Eira, and for it to be most efféticouncil
and communities must collaborate to carry out its objectives. The actemmgdhered to the adageight tree,
right place and aimed to ensure highuality planting to maximise the advantages for nature and people.

Comparing a project approach to an urban forest approach

Following local government elections in October 2020, (tkew) Glen Eira Council undertook to address the
50% canopy loss of the previous two decades and to renew its urban forestolimeil considered its approach
to increasing its urban forest from a project finance approach (Table 1) and hasseddaans, actions and
commitments for oneyear, four-yearand tenyear financing to regrow the urban forest.
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Figure 1 Urban Forest Project Approach Touch Points

Table 1. Comparison of project finance and urban forest approaches

Due Diligence offransactional
and Project Fnance
Approactes

Urban Forest Approach

Understanding the
assumptions

Understandbaseline & existing tree inventory, health, age

ULE, species concentratiazanopycoverage

Assessment of assumptions

Study of basdine history, impacts and projections. Restrictig

ns

of planning policy framework, municipal planning strategy and

Victarian planning provisions

Analysis of project cost

Separate project from BAU (management, support, UF train
resources, contractors, tree stock FOB, contract complia
monitoring, contingency)

nce,

Sensitivity analysis

Tree palette, canopy development time, supply contract ris
tree risks, performance mapping, risk areas by zone.

ks,

Benchmarking with the
industry

State government strategies, neighbouring LGA pléagets,
urban density and population forecasts, howy and open
space plans, landholders by type and area

Identifying the rights and
liabilities

Landholders, insurance costs, legal risk,

planning scheme and state govt. plan outcomes

Project implementation
schedule

Legal, policy and action plans

Adequacy of liquidated
damages, penalty payable

Lty il

Corrective reviews, project risks, financial risks of -n
performance, contract performance (don’t pay for dead treg

on
s)

Glen Eira has a higher Land Surface Temperaamébleat VVulnerability Index than neighbouring councils. Glen
Eira has the lowest amount of open space of any local government in Mek0883 kilometres of kerbs and

channels, and 102 kilometres of Depagnt of Transport (VicRoads) kerbs and channels. Glen Eira’s old trees

are stressed and reaching the end of their useful life.
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“It is not the biggest, the brightest or the best that will survive, but those who adapt the duickes
(Charles Darwin)

The'Communit’ (a collective including finance industry manager, retired CSIRO scientist, state government
planner, environmentalist, a retired local councillor and erd) supported separate recrafting of The City of
Glen Eira’s first Urban Forest Strategy. As a result, the (new) @Ge@dincil has moved at speed to address
the urgency of its declining tree canopy to support its climate change response.

The Action Plan of 65ctions (City of Glen Eira 202Xaptured thecommunity consultation.Visions and
initiatives are contagious, as shown by the experienced candidates vyidgdmable job opportunities ifthe
new) Glen Eira, including the authors of ti@@ur dimate Emergency Response Strategiyd ‘Glen Eira Open
Space Strategyand the‘Integrated Water Management Plan

Planning and Communication

Although Glen Eira's urban forest is not in the shape of other LGAs applyidgefrCities of the World
recognition(UN FAO and Arbor Day Foundation 2022¥n Eira is committed to restoring its Urban Forest. The
(new) Glen Eira is receiving positive accolades from residenits frommitment, its urgency of action to correct
the past, for balancing policy tensions, and for its community engagemengédectne new Urban Forest. The
events or stages in the processachieve this turnaround are summarised below.

Community - develop a master plan , an alternative UFS draft

The community put together two things: a Master Plan and a version déedralternative UFS draft.
Both livingdocuments were updated weekly amdarkedup versions circulated recording the voyage
of discovery. Then content of the community alternative UFS was ex&nsiv

The Community version one UFS was printed and delivered toptiesigus) Glen Eira following the 2019
TREENE®ymposium and Environment Day 2019 when DELWP released: Living Melbthien&esilient
Melbourne StrategyLiving Melbourne and The Nature Conservancy 20d&)sion one UFS was an overview of
the environmental, health (inc. heat island effect) and economic benefiteeftas well as a global perspective
which compared city population densities with urban forest canopies.

DELWP supported the Community by providing a municigayiyunicipality percentagdased examination
of tree canopy (horizontallgnd vertically). The Community presented haapy document allowed council staff
to flip through, hold on to, and maintain topic presence, a reality that can béeaidlsy electronic filtering. The
Community understood global trends and the latest sciesmstrategies could be written quickly. First versions
were not perfect but the objective was to seek input and to update what wasmgisscally with its supporting
evidence.

The Community presented the version one UFS and revisions to State and Méeeriagrs of Parliament,
asking for advocacy and support for Glen Eira’s future UFS. Glen Eir&sagrd¢o create a new UFS meant
the Community had a limited time to influence the regrowing of the lost tree pgno

Develop a base line audit

The Communitasked the councilWhen was the last audit (or a strategy) of the Urban F@€Bhe Community
then suggested that council engage a tree expert to provide a detailed spymofiadGlen Eira's tree assets'
current condition and to identify tree health issues in the context of a reportadinkein tree canopy.

Two paths

Two paths were developing: 1. The Commubiiged alternative UFS draft andThe council’'s study and tree
audit in preparation for the council’s UFS version.
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The council path: a line in theamd —the inherited aspects-the rearview mirror

The base line audit with professional tree knowledge and breadth of exqpeaj the message was not goed
the tree base stock had deteriorated and was declining at unheandtes. As a result, thaudit advised
numerous toplevel management decisions. The base line strategy was presented at divearyr council
meeting and then made available for public consultation. The Community kimthded consultation time
because council elections caused aagéh the process.

The Community path: an alternative UF§lobal studies-restoring canopy- looking forward
The Community's objective was to bring the two paths together to compartenband leverage the knowledge

into one (New)Glen Eira UFShe Community worshoppedacross many facets including those listed in Table
2.

Table 2. The Community work-shopped to ensure many urban forest opportunities and chaliges were
considered and addressed in the urban forest strategy.

Urban Forests

Comparing canopy
Cover percentage:
across LGA’s

Environment benefits

Healthbenefits

Carbon and cdimate
changebenefits

Stormwater benefits

Air pollution benefits

Business and economi
benefits

Marketing
benefits

the city

Plantingconditions

Species adaption tc
rising temperatures

Strategies, Legislation, LGA
Plans/Strategies, Stakeholders and
Measurements

Global city densities and Green View Inde:

Urbanheat slandeffect

Measuring tree mix and canopy heig
required for a hectare increase

Measuring yearly planting of mixeldeight
canopy trees

Yearly budget and cash flows

Measuring the range of planting costojmen
space,crown reserves angrivate land with
proportionate WSUD

tree assetvalues

tree protection

— call to action

Challenges

Funding, results need cast
flows earlier

Year on yeamplantableland

Residentiaplanning (zoning)

Calculating the amount o
tree densification required

Land ownership and other
authorities

The whole of landscape
integration planning and
tree literacy

Tree health, age and ULE +
increasing temperatures

Communityconsultation and
education

The stealth effect on the
budget and urban fores
balance

GlenEira microclimates

Community consultation

The Community used the public consultation period effectivEhe fouryearly council elections gave additional
time to engage the community. This included a community call toaetiter the (Previous) Glen Eira publicised
its proposed UFS. Neighbourhood groups were contacted, and the need for theetd#i®d ovewhelming
support to uplift to canopy targets, cooling the city projects and detail¢baplans.
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The community used the alternative UFS draft to update gramkinclude their feedback to further update
the UFS drafting. The Community canvassed cowacididates for the “to be” (New)Glen Eira. On 15th
December 2020, a community petition of 1,785 resident names, addressesigmatures was presented to the
(New)Glen Eira to

x Adequately fund the UFS and ensure that the Climate Emergency statement wasduadksl
appropriately to achieve the goals of carbon neutrality by the dates set.

X Increase the tree canopy target to 25% by 2040 to align with the LivingoMele targets for Glen Eira

X Produce amendments within six months for a Developer Contribulievy, a Water Sensitive Urban
Design, and an Environmental Sustainability Design policy.

Within the consultation period the Community submitted the alternative UFSt.dide alternative UFS
contained local projects (chunks) that, in aggregate, surpassed the prdposnicipality targets by identifying
diverse planting opportunities (Table Jhese increased opportunitieexceeded the proposed targets and
allowed for contingencies.

Table3. The Community UFS draft aimed to optimize tree planting assaaiatith specific projects and other
opportunities.

Parks-restore and Rooftop gardens Planted tree patterns and
densify vertical timelines
Roads andtreets New Precincts- EastVillage and VicRoads tree densificatior
structure plans
Openspaces School programs planting and sponsor Community projects and
trees sports clubs
Treeavenues School, hospital, kindergarten and spol Local grants program
areas
Greenline-railway Carparks—shopping, trainschool, RSLs In Remembrance trees
landscapes
Built development Pocketparks,mews,laneways Specific understorey tree
landscapes project
Stripshoppingcentres Caulfield Racecourse apdecinct Strategic growth areas

Evaluation of messaging
“Take nothing on its looks; take everything on evidence. There's no bett§Gdeles Dickens)

Glen Eira’s previous narrative was that there was no space to pkss.tThe reasoning between Tree Cities of
the World's accomplishments in reducing urban heat islands and TREENET'$ fu@at education on urban
forest management, planting in ewarcreasing upanisation, and DELWP's Living Melbourne Strategy did not
line up with the narrative. The Community evidenced:

1. future tree locations and documented the "tree state and tree places" byntplpictures. 102+
kilometres of Glen Eira's 465 kilometres of roatiere mapped/walked and documented by the
Community. Aggregated results spread photographs across 80 A3 pages.

2. the landscape with evidence and experiments. Google is not of the current jtedioes not
differentiate between live and dead trees or tree hbalnor show aggregate vertical landscapes. Glen
Eira accepted 700+ planning applications in the year before CO\dDheauilt forms of these sites
(0.18 per cent of the municipality) had changed significantly, witttipie moonscaped blocks.

3. Soil pHmoisture levels, soil type, and temperature heatwave differences across-cliorates, hard
built surfaces and sport fields.

The evidence confirmed previous studies tmaported a preference for smaller mature trees in residential
streets over larger mtare trees (Dilley and Wolf 2013). Residential street treest thare gravely
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underperforming were partly a bgroduct of the operational and regulatory framework (Hall 200iMe
evidence of the horizontal and vertical canopies confirmed that urbassfananagement, strategies, and the
planning scheme were interlinked and failed to supply performing trees fomtheé generation. The cross
referencing of horizontal and vertical canopies revealed that while tiogeption of larger, more mature trees
was $owly increasing, planting and plannifay new trees todevelopthe increasedcanopy that will dominate
the landscape in the coming generation wex considered-a common LGA threa@ported inWatson(2015).
In addition, after researching and understandifnfyée’s limitationgKasparet al. 2017; Parmehet al. 2016)
mapping via-iTree identified canopy changes and other land uses

Councillor consultation

Version two alternative UFS was developed within the community conmiitaeriod. This provided time to
present examples and global best practice. To help introduce the annual budgdinandial planning, the
Community submitted letters to elaborate dine urban forest action and its sizable funding requirement. It also
compared the previous yearly funding of Parks Services with rates reveoughgand contractual costs.
Community meetings took place through any means, including coffee shops, phuaik¢enversations, zoom,
and public speaking at events to spread the word about the opportunity to cool GeemmEe Community added

to its alternative UF&irther new chunks to justify and support additional tree plant{figble 4)

Table4. The Community UFS aimed to justify additional tree planting asr@sany disciplines, needs and

opportunities

Urbanforest strategy commonalities

Urban Heat Island effect

Air quality andemissions

Community cohesion and engagemei
Biodiversity

Flood control and water quality
Carbon storage

Landscape character,
culture

heritage ai

Economic benefits and tourism
Funding, Monitoring and Delivering
health an

Physical and mental

wellbeing

Engaged and Informed

Rare strategy inclusions

First Nations practices and principles

Hectare calculation by Buildings, Gardens, Road, Rail and
amenity space, water, pervious and nparvious surfaces
Increasing resilience

Priority of tree, understoreynd biodiversity landscape
Applying WSUD

Land surface temperature and microclimates

Horizontal and the vertical landscapes

Abalanced riskbased approach
Timedatedaction plans

Legal support for tree deep soil, tree planter soil depth ¢
volumes, tree plan dimensions on architectural plans w
compliance controls

Engagements added to the understanding of local midimates, thermal heat and heat island effecthe

Community:

1. contacted government departments and larger landowners via Zoom meetingssent a flood of
emails confirming awareness, including CeldfiRace Course Management Trust regarding placement
tree canopy, VicRoads (Department of Transport) regarding isRodicy, Metro/Vic Rail for Greenline
proposed plans that cross three LGASs, the Department of Education concerteigation of tree ad
biodiversity contribution with the climate change and wider environmentamponents of the

curriculum.

2. consulted with developers on sustainability aspects of future planning apiplsat
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3. participated in consultation for Victoria's infrastructurgagegy for 2021 to 2050, responding to the
risks of climate changand its recommendationsincluding its an for 30% tree canopy cover
(Infrastructure Victoria 2021)

4. participated in the State Government Built Environment Climate ChawlggtationAction Plan 2022
DELWP consultatiofVictoria State Government 2022)

5. contributed to DELWP's Building Better Apartment Standards upgrade frahd 20 2021 to
incorporate soil provisioning for canopy trees and water sergsitivban design (WSUD). By being
integrated into LGA planning schemes, quantifiable standards have been tradsfesm objective
standards to subjective legal meanibg Planning Scheme Amendment VC{2%¥12/2021)

6. submitted suggestions to Glen Eira’s planning schemearite of landscaping and environmentally
sustainable development (ESD).

Broad industry information
The Community’s challenge was to:

1. capture the widest industry success factors, risks and linkdgesdh participation in broader tree and
environmental seminars and learning, and
2. complete collective understanding of local WSUD and stormwateesss

Update UFS versions

The Community added:hunk projects(small and large) with calculated canopy percentage, yearlyngsséind
projections for ten years. A summary of the potential for UFS expangierievel of interaction with various
landowners, and the yeary-year budget included strategy administration and management. Estimated, cos
contingencyallowances and monitoring were included.

Ownership

Even though the Community was attached to the alternative UFS, it needed tmbdedhaver Council’s strategy
writers select and use the information they prioritise. The final siggtneeded to be theonincil’s strategy for
the community. The Community’s work, through the multiple alternative dfags, had completed its mission.
As the objective was to assist council to achieve the desired UFSmaitttee Community’s task was to provide
the council dficers with the information they needed to deliver this.

Council officer meetings

The objective was to compare and reconcile the differences between thelin@seouncil strategy and the
Community alternative UFS. The Community met with council officers to pgaime differences between the
baseline and the Community alternative UFS. These meetings highligidgeal/ailable tregolanting options,
approaches, and the requirement for a new strategy to sustain tree hedlfth.(New) Glen Eira promoted
incressed transparency and community input and created action plans based on thesesttissuand the
content of the Community’s alternative UFS.

Obstacles
The Community:

1. was unaware of the internal costingable5), processes, urban forestformation availability or tree
literacy of the council strategy writers, so promoting UFS ravigias challenging, and

2. did not attempt to have all the answers bahared, interacted and promoted the (New)en Eira’s
Parks Services' expertise.

Persistat concern with the tree palette prepared decades before climate change, atilaptand mitigation
needs were identified was another factor. With the redesign of the palatte @anned substitution of species
unsuited to the changing climate, the questioihwhether Glen Eira’s trees will continue to perform under higher
temperatures is being answerd@onzaleZOrozcoet al.2016; Jewel 2016; University of Maryland 2022).
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Table5. Yearly Budget aligned to workflow, planting programs and priorifynelines (Excludes other items

under the existing management for Parks Budget and requires adjustingual &ocure + Plant + Maintain

subcontracting costs per tree/hectarblote: The UFS figures belavere the Community’s cost estimation to
promote costing conversations, comparisons and validatioth whe council and to scalelyearly strategy
funding).

Outcome

The (New) Glen Eira Council’s first UFS was presented to the couheihageting of the 29 June, 2021. Council
officer’s notations in that agenda indicated that over 1,900 tree phanfilaces had already been identified. The
(New) Glen Eira voted unanimously to accept the UFS with its reviseddgangd, in the same meeting, voted
on the cound’s Financial Plan with the financial support of $4M towardsUiis. In 2022 the Council committed
additional funding of $1.3M. Additionally, a separate funding allocation wade for open space that, when
the work is completed, will also provide spdoetrees in the planned open space and surroundings.

In 2018 Glen Eira’s canopy cover was 12.5%, down from 25% in 2002. The (New3 s8thargets to the
following, which will be achieved through a comprehensive,fulhded Action Plan. From theR3(City of Glen
Eira 2021):

‘On councimanaged land, we will aim to achieve the following by 2040:

tree canopy cover over roads and streets will increase from 15.6 per a€i@ per cent

tree canopy cover in parklands will increase from 14 per cenbtpe cent

tree canopy cover on council owned car parks will be at least 25 per cent

no one species will represent more than 10 per cent of the public urban tree pgapula

Across the whole municipality, successfully achieving a highempgatamget will be the collective
responsibility of the Community, council, State Government and other ageridiee aim is to increase
the municipal tree canopy cover from 12.5 per cent to 22 per cent by’2040

X X X X X

The Community corresponded with ti@@vernmentof Victoria’sEhvironment Minister’s Office highlighting and
complimenting the (New§slen Eira on its UFS and its exceptional community consultation. The brdatth o
actions identified to support delivery the UFS’s targets throughUhgan Forest Action Plasapparent in the
summary list below

Maintain and protect

Enable monitoring and tracking of the forest
Include trees in asset register and enable a bond system based on the amenity value
Update the tree Removal Policy and fees
A proactive maintenance program on protection, structure and ULE
Tree vandalisation correction program
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X X X X X X X X X X

Embed UFS into council plan, environment and sustainability, climate chaciijes transport,
community health and wellbeing etc.

Annual street and parkenewal program. Maximise the tree canopy

Formalise tree technical guidelinedest practice tree planting, underground spoil requirements,
species selection, maintenance, pruning, removal, renewal, root manage WSUD, structural
soils, permeable paving, tree pits.

Vehicle crossing permit standards

Embed principles of the UFS in the Planning Scheme

Provide directions in Planning Scheme to support/improve new canopy plantingwatepliand
Neighbourhood Character statements to reinforce environments' character

Classified tree Register and Local Laws

Vegetation Protection mechanismgplanning overlays

Tree protection policy

Adequate resourcing to monitor, audit and enforce tree permits and conwitio

Annually record and analyse the number of trgrmits, trees removed, and trees retained
Develop strategic educational campaign: Neighbourhood sustinglrden program, tree
planting days, nature next door citizen program

Enforce the 1zZnonth requirement to retain the trees on building sites befopdanning
applications

Grow the urban forest

X X X X

x X X X X

xX X

X X X X X X

Identify planting sites. Reset all sites within the asset managemergrayatd complete an audit
Diversify species to maximise canopy to allow for larger canopies

A park tree planting and renewal program

Tree planting in adequate soil volumes, nutrients, water, space &mopy and root covering
reduce synthetic inputs.

Understorey plantings program

Tree canopy cover objectives in capital works projects and active toahppojects

Tree cover in design fasset renewal, local traffic management, school zones, vacant natyss stri
Local structure planning, plageaking objectives, liveability improvements of greeningnpiey
canopy trees, WSUD

A future fund that collects fees/bonds from tree pruning aedhovals

Infrastructure and developments green infrastructuregreen walls, roofs and facades, WSUD,
permeable paving, strata cells

WSUD trials and rain gardens, tree pits

Conditions on planning permits: protect and-gaing care, maintain postonstructon planted
trees

Guidelines on soil areas for deep soil for medium/large canopy trees

Review resources, ensure resources and procedures enforce permitrtdela@dscape conditions
Suitability of green factor tools assessing environmentakyasoable deelopment

Growing green guide for trialling green infrastructure

Trial/adopt Council Alliance of Sustainability Built Envitent’s Subdivisions Framework
Cooperative Research Centre’'s Water Sensitive Cities design for infilbpavehts

Adapt to climate change and reduce urban heat

Support/Include environmentally sustainable design policy into Planning Scheme
Engagement with community, local landowners/occupiers/renters vigiNmurhood Sustainable
Garden program

Update the tree Palette species and ag#dability to rising temperatures

Trial new species in streetscapemonitor for adaption to soils and climate
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Support development of catchmentide water mapping. Prioritise stormwater retention.
Develop an irrigation plan, schedule supplementary watering

Trial passive stormwater infiltration methods in streets and parks

Prioritise tree canopy coverage in pedestrian zones where exposed to heat

Consider biodiversity corridors

Convert disused/underutilised public land into open space\ayktation

Review materials for footpaths and roadways and trial pervious pavingtanahwater filtration

X X X X X X X

Engage and collaborate

Develop communication tools that reflect urban forest targetsion and objectives

Use media to celebrate wins for the urbforest, saved trees and newly planted trees
Planners’ information to pass on to developers

Input UFS and open space objectives into capital works structure and aessetal planning
Establish key internal champions for communication and advocating owtsoatross the
community

Establish community urban forest/climate and sustainability parks andiega advisory
committee

Partner with landholders on tree protection and planting outcomes

Communityrun programs, planting days, support school gardens, gramigrams for schools
Advocate for state government data capture of vegetation

Encourage the planting of native trees and vegetation species on nattips $0 improve
biodiversity

Deliver nature next door citizen science program, surveying trees and faun

Support Treenet, Arboriculture Australia ... support research and edocatiincrease Urban
Forests

X X X X x X X X X X

x

Monitor and evaluate

X Report via annual urban forest audit report statistics on trees rerdpydanted, understorey,
speciediversification, ULE diversity

X Monitor tree species against preferred species palette
X Measure progress towards canopy targets
X Biyearly condition surveys of street tree population and record in teetasanagement database
x  Condition surveys of park treesery two to three years. Update health program and maintenance
x Check progress against actions every five years: 2025, 2030, 2035 and 2040
Conclusion

In the 16 years to 2018 tree canopy coirethe City of Glen Eira declined from 25% of land area to b&h®Rs.
Council listened to the community’s dismay at this visible degradatiomehdy and environmental quality and
acknowledged thait needed to take urgent action to improve its urban forest and resttseanopy cover.
Community members and couhevorked together to set ambitious targets in a revised urban forestegsa
They itemised the individual actions needed to increase tree plantingeatablishment A project financing
approach was developed and applied to the actions, to ensure adeqaaburces for project development and
implementation. Community input led to annual budgets and Hemgn financial plans being revis¢ad fund the
delivery of the substantially increased tree planting and related actiomsleling tree volumes, underking
costings, informing budgets and lotgrm financial plans, implementation, and aggregation of @cbj
components into financial planning has enabled a successful commencemenivergealf the Urban Forest
Strategy’s goals and targets. The City of Glen Eira’s Urban Foresgtmate supports other works to improve
community health and wellbeing, address urban heat island effects, and adapt tchémging climate and
broader environmental changes. This case study has shown that increasopycaoer is possible when the
community and council are unitéd their vision andn theircommitment to deliver it. An engaged and informed
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community, an active and empowered council, and a shared vision are key t@gsolj is hoped that this case
study will inspire and inform other councils and communitiesviark together to achieve similar progress in
restoring their urban forests in their towns and cities
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TREE VALUATIONS: A COUNCIL PERSPECTIVE

Ruby Wilson 'and Simon Strauss 2
1City of Hobart and 2Active Tree Services

Abstract

The many values and benefits urban trees provide make them essentiastrficture in healthy, thriving,
climateresilient cities. To prevent undesirable loss of these values and beniéfiss important to have a
transparent and reliable method to attributeconomic values to publicly owned trees. These values can then
inform decision makers who may wish to consider the loss of-tetsted benefits against other potential
benefits that may arise should a tree be removed from a public space, to make mapfivate development

as an example. A ‘tree amenity femight then be charged to those who directly benefit from the tree’s removal
to offset the loss of tree benefits or valuekhe application of tree valuations is becoming more commonplace
throughout Australian Councils to support urban greenifigee valuation cahelp to preserve trees through
community awareness of tree valuaad by establishing canopy replacement valaad costs to inforrbond
values on development site3his paper reflects omme Council’®xperiencewith tree amenity valuations and
introduces the Nhimum IndustrySandard (MIS)nethod recently developed by Arboriculture Australia Ltd and
the New Zealand Arboricultural Association in consultation with the natiarriculturecommuniiesin both
countries.

Introduction

Many dties measure thig ‘canopy cover-a maric based orthe horizontalspread of tree canopy over land.
The City of Hobart has the greatest tree canopy cover of all Australiarakeifiés at over 59%. kaever, the
City of Hobart is surrounded by extensive bushland reservesatidnal parks. While this provides a unique
and exceptional connection to nature for the City’s residents and visiitodees not reflect the canopy cover
across the urban and suburban areas. Hobart's canopy cowrbimban areas, excluding the large bushland
reserves that rim thé&lty, isjust 16.7% Canopy coven the CBD igist 4%. Tlesefiguresincludeall the treesin
parks, gardens, on private land and along streets.

The City of Hobart Street Tree Strateggs endorsed by councih July 2017. This strateggcludes 49
recommendation@andan ambitious target to increase tree canopy cover across the urban areas Gitthfrom
16.7% to 40% by 20480 achieve this godlhe City must protect its current tree population and carry out an
ambitious tree planting agenda.

Review of Tree Compensation Policy

Street and park trees are essential public assetd substantiapublic fundng is used to install and maintain
them. Unlike most other public assetsowever, the value of an established tree is often far greater than the
cost to purchase and installreew replacement. A large, maturede provides significantlgreateramenity and
value to the community tham small replaement treewould generate in its early decaddsxisting trees in
public spacesandparticularly large canopy treeplay an increasingly important rossinfill development and
urban dersificationcontinue toreduce the spacavailable for treesn private land

To help to preserve existing trees and their benefits and values to comesrgis part of the implementation
of the Street Tree Strategyouncil endorsed its Tree Compensation Policy in February, 2a52d on the City
of Melbournemethod. This policy outlined a framework for charging an amenity fee for pyldiehedand
managed trees that were approved for remotalsupportprivate developmentA key component of the tree
compensation policyasto attribute appropriatemonetary valusto the amenityprovided byestablished tres,
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asan incentiveto encouragedevelopers tofavour design proposals thatetained and protectedestablished
trees.

In December 2021, following media coverage aboutdtncil's policy the motion was passed that:

“Council review its tree removal compensation policy, to ensure that it balances the need tairmaint
significant tree coverage with the need for additional housing development, and to ensure it remains
consistentith community expectation.”

The Council resolution of December 2021 prompted a review of how theypwtis being implemented. In the
33 months between the policy’s endorsement and its review in December 202falacfo24 development
applications were ssessed that proposed the removal of a council tree to support privateldpment, an
average of 0.7 applications per month. A review of tlutcomes of these 24 applications was undertaken. It
was determined that there were four categories of applications, as sumethitizTable 1

Table 1 Summary of findings from review of 33 months of implementation of the @&/€ompensation Policy

Category of application Number of Number of Amenity value
applications trees
removed
Removal permitted (no 10 15 Average amenity value of $2820 per tree

changes to design required

Designs changed to allow 8 9 Average amenity value of trees approve(
retention of all trees, or the for removal $2100 per tree
retention of higher valued

Slectivedesign changes to rain

trees significant trees allowed for the retention
of $306,344 in tree amenity
Not progressed due to nen 5 0 No cost

tree related issues

Tree removed by Council 1 0 No cost
due to storm damage

The category with the largestumber of applications (10) required no changes to the design of the development
and tree removal was approved; this resulted in the loss of 15 trees wittvarage amenity value of $2820
charged per tree. This demonstrated that applicants who wishedetoorve trees of relatively low value
proceeded with minimal consideration of tree retention, and theueabf the removed trees was used to
increase funding of the City’s annual tree planting program. One tree proposedmoval was damaged by a
storm during the assessment processes and removed by Council. Five ammichat included proposals to
removal council trees were put on hold or not progressed due totnea related issues.

The final category of development applications was where changes were made tedign do enable the
retention of all trees or of the more valuable trees; there were 8 applicatiorikis category. Of the 25 trees
that were assessed in these 8 applioas only 9 were approved for removal, with an average amenity value of
trees approved for removal of $2,100 per tree. The 16 trees that were assessed fuablerto be retained
following selective design changes had a total amenity value306844. Tld demonstrated that the tree
compensation policy was effectively incentivising designs wieitgtined trees, particularly trees of high amenity
value. The City’s tree compensation policy and its Street Tree Stradwgy therefore, been shown to provide
aframework within which the need to protect and expand Hobart's tree canopybedsalanced with the need

for more housing, while ensuring the approach is consistent with communitycéadiens.
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A Minimum Industry Standard Method (MIS506)

Minimum Industry Standards (MIS) are produced by Arboriculture Australia Ltd in partnerghiphe New
Zealand Arboricultural Association and the wider arboriculture commuiihey aim toensure that people
workingwith, assessingand providing advice in reliain to urbantrees have access to industrglevant, peer
reviewed documentsletailingthe standards of skills and equipment with which competent practitionersisho
be familiar.Arboriculture related MIS’ do not apply to commercial foresthere a MISxists for a particular
task, such as tree valuation, it is deemed by industry expentsaaide an overview of the task as it is practiced
in industry ando define industry consensus regardiagpropriate contemporary methods toonducting the
task.

TheTree Valuation MIS (MIS506) provides a framework, criteria, minimuhpeeferred benchmark standards
to facilitate the consistent and transparent valuation of tréasAustralia andn New Zealand. It includes a
method (MS506/22)hat meets the preferre compliance criteria which aaescribed as follows:

x methodology to determine the amenity value of individual trees, communifgsees, and to
forecast the amenity value of trees, compliant with the Minimum Industan&ard

x fusion of the principles and practices of accepted valuation methods eteefes Burnley, CAVAT,
the 2021 City of Melbourne, STEVand Thyer methods along with best practice principles from
modelling and market research science

x by design accommodates further adaptation withtsframework, to suit various scenarios that will
arise under different laws, regulations and protocols, and countries

X is agnostic to assessment methods
x utilizes newly researched (Arup 2022) nursery benchmarks for AUS and NZ

The MIS506/22 method is fulliescribed inTree Valuationlndustry Guidance on Tree Valuation Methodologies,
Practices and Standards MIS50®ie following valuation methods are also defined in MIS506 as l@rhin
their territory of use) with the MIS’s minimum criteria:

X Burnley AUS

x  City of Melbourne AUS

X i-Tree Eco AUS (Ecosystem services only)
X STENM NZ

X Thyer AUS

In all of these methods, tree value is determined not as a ‘sum of benefits’ lautegwesentative market value.
Tree valuation is based on a markmaseline value which is modified or adjusted to account for the tree's
condition and site influences including physical, environrakrdocial and markeelated elements. The MIS
provides a detailed description of how these tree, site, community andketaelated features combine and
interact, and the role of the arborist in assessing these whégutating tree values.

Similarities and differences between earlier valuation methods were revieweddon the development of the
MIS. The major differences between methods related to which elements or bewefits included in the
valuation, their quantification in calculations, and basehalues. Tree sizgased market baseline values were
attributed relative to trunk diameter (DBH), canopy area or ganwolume, which allows for forecasting of
future values based on predicted growth. Reliability and repeatability, ehapplication, and reasonableness
in terms of previously developed methods were desired in the development of theMi@nethod, to &w
for continuity and ongoing relevance of earlier assessments.

The value of a ‘standard’ test tree is presented as an example. The ‘stamed@rds a stanehlone Australian
native specimen with a DBH of 60 cm, height of 17 m, even crown spread o&t8 height to crown of 2 m.
The ‘standard’ tree was situated in middle ring suburbia of an Australian tajtitawas 60 years of age and
had a life expectancy of >40 years. The values of this ‘standard’ tree gadising the various methods are
reported in Table 2. This example demonstrates that the Burnley, City of Melbounyer, ahd MIS506 methods
produced monetary valuations for the example tree that were consistentitbin £5%.
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Table2. Comparison of values attributed usinglS506compliant tree valuation methods for a ‘standard’ 60
cm DBH tree

Burnley City of Melbourne Thyer MIS506/22
$58,630 $55,510 $60,298 $56,537
Conclusion

The trees that line Hobart’s streets and parks are essential pubktsaasd require public funds to install and
maintain over decades and sometimes over centuries. The value of each ties based on size, location,
species characteristics, prominendealth and form. Clearly, a large tree that has been cared for and nurtured
for 50, 80 or even 100 years is far more valuable to the community than atheg#anted tree. The many
benefits a large, mature tree provides cannot be readily replaceddrsitort term.Trees provide amenity that
enhances the image of the city and the experience of the community. They provides@afeplace and can be
key landmarks that are valued over generatioRsvate development thaimpacts or removes council’s tree
trades off the public benefit from community assets agaipsivate benefit.

A review of the City of Hobart's Tree Compensation Policy after 33 mafitimsplementation revealed that
applying @ amenity value alloed for the recognitionand consideratin of tree valuesin design and decisien
making processs relating to site developmentf a developer beliewt that tree removal was required to
supporttheir building plansthe Citys policyoffered a clear and transparent process that shemithevalue of
the tree/s. Having to compensate for the loss of the determined value proved to be an g#dntentive to
retain trees where possible, particularly highlue trees. Where itauld, the City of Hobart word with
developes to find alternativedesign solution that allowed street trees to remain in the landscape for the
benefit of the wider community. This approach promdtmarterandmoresensitive developmerdesignghat
helped maintain the liveability of the city and contributed towadheving the increasedree canopycover
target

The Tree Valuations MIS (MIS506) provide®bust frameworkyaluation criteria, minimum and preferred
benchmark standards to facilitate consistent and transparent valuaifamrban trees. It is hoped the Mid8l|
help to increase the use of tree valuation nationally to improve community wtdeding and acceptance of
tree and canopy cover management and preservation.
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THE FORKTREE PROJECT

Tim Jarvis AM
www.timjarvis.org

Abstract

The ForktreeProject began in April 2019 to restore 53 hectares of degrddetiland to its natural state.
The project’s primary goals are to conserve local species and tagengther periurban landholders to
undertake similar actions by demonstrating how they cantdbute to conservation, habitat restoration,
and to combatting climate change. Restoring Forktree involvastiplg approximately 20,000 native trees
and shrubs to rewild the site, encouraging natural regeneration, and managing thtced species. Fatree

is providing habitat to rare and threatened species and it wiliticme to bring back other native animals to
the site. Achieving and demonstrating success and encouragingsothembark on similar projects involves
engaging local and wider commties. The Forktree Project engages through educatiamal interpretive
activities, working bees, planting days and other events and agtres. The expansion of Adelaide’s suburbs
to Forktree’s north andhe rapid growth and urban agglomeration of nearbywns to the south are
progressively consuming open space and habitat in the region, inoge#ds® need and urgency for projects
like Forktree to sustain ecosystem services and connections with endir the encroaching urban
populations.

Introduction

The Forktree Project involves restoring native habitat to a former pasfm@perty on the Fleurieu Peninsula
setting up a native seed nursery to grow native plants for use at ForktreethadHills and Fleurieu properties
establishinga rare seed orcird to provide security populations of rare endemic plants, developing and
deliveringeducational outreach programs focusing on schools, Aboriginal youth andthmgnity, trialling
improved methods of calculating both abegeound and soibased carbonad trialling innovative water saving
technologies. The project is designed to be an exengflavhat is possible with a view to encouraging other
rural landowners to adopinore sustainabl@ractices.

Goals

The ForktredProject has three main goals in addition to the restoration of the landfitsel

To establish a native seed nursery and rare seed orchard to grow n&ivs for use at Forktree and other Hills
and Fleurieu properties to help combat biodiversity losd atimate change. The rare seed orchard involves
growing threatened species in a dedicated venpinof 1.5 hectare area for ease of seed harvesting and
propagation and as a security populatidie bcus ioon species that are rare areof significancéo Aboriginal
people. Youndboriginal men and women will be trained to help run these facilities asgfdheir involvement

in the project.

To trial improved methods of calculating carbon for small/mediumdsizeal landowners, to reduce costs and
enourage more land restoratiortp utilise innovative water saving technologies including a LoRaW#AfY (

hub and linked irrigation controllers and soil moisture probes to optimiater use in the nursery and rare seed
orchard.

To educate the community about the importance of environmental stewardshigh babugh provision of
curriculumspecific educational content and the modelling of proactivetaimable practices. Principal target
audiences include schools, young First Nations people, the local community ahinai@avners.
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Progress to date

To date 15,500 native plants, trees and grasses have been planted attEaskice the project’s inception in
April 2019. In addition, 18,000 tubestogk41 endemic species have been grown in our onsite nursery this year
includingrare species for the Landscape Baalide rare seed orchard is well underway with 7 raised beds and
4 reticulation lines in place and water storage and solar powesetwicethese areasBaseline carbon, bird &
lepidopterg and vegetation surveys have been completedl LoORaWAN (wifi) hub and linked irrigation
controllers and temperature and soil moisture prohbesve beeninstalled Over 50 school, community and
corporate grogs have visited the project this calendar year.

In addition to plantings, weed eradication and access tracks have beenddsial part of our fire safety plan.

We have also commenced a larggale heathland restoration. This dense heath revegetation aligns héth t
objectives of the ‘Back from the Brink’ project and will provide habite threatened heathland species
including Chestnutumped heathwren (closest population is in Myponga CP), Heath goannas and &outher
brown bandicoots (closest populatisrare near Forktree Rd, Nixon Skinner CP precinct). The plants used here
will also form a seed collection source in the future (&gnksia marginata Andrew Fairney from Seeding
Natives is providing technical guidance and assisting with thigigctparticularly regarding native grass direct
seeding and weed eradication. This includes preparation and establishmem gfaund layer of native grass
cover on 5 hectaresconsisting of a broad variety of native grasgyodland and heath species being the
cornerstone of the reconstruction of a high functioning ecosystem with tireadisaving threatened species.

Development of a course in rare plant propagation fledigenous men and women together with Mark
Koolmatrie is undeway. Delivery of the Prince Trust vocational training package 'Achieve' designed for-post
school young people in conjunctiomith The Prince’s Truss planned.Development of curriculunrelevant
content for school groups ongoingand involves engagingdditional parttime teachirg resources. Course
content includes sciencand sustainabilitybased coursework and learning and education materials related to
resilience and mental wellbeing.

Our feratproof fencing andpest management continues to deliver greater than 90% survivasrdor all
plantings. We are installing additional water storage to help serVieeneeds of the rare seed orchard and to
capture water from the climate changelated high rainfall eventdVehaveinstalleda solar array and batteries
for the rare seed hardwith the assistance of ZEN Energy.

Community involvement

We have extensive knowledge of tHecal area and are partnering with and/or delivering sustainability
education to a range of volunteer groups and scko@e work closely witthe Ngarrindjeri confederatioand
Mark Koolmatrie in particulamandalso with Alan Sumnea NgarrindjerKaurna and Yunkarjgtjara artist and
educator. We consult with other First Nations Groups, landowners, neighband,charitable NRM/planting
groups in many aspects of the project including revegetation, water andnfia@agement and weed
management We engageéradespeoplerom the local area.

There has been a great response from both the local and broader community aboutvelaaé doing including

in particular, approaches from more than 20 Fleur®ninsula landownensho are keen to understand more
about how we are pproaching things and overcoming challenges. Our releviesntearly demonstrated by the
volume of interest in the projectfrom local volunteergo those offering advice on their experiences and
challenges with habitat restoration. Many are keen to dee project be successful anallink up our work with
theirs to bring about landscape scale change.

We alsodeliver sustainability and resiliendmsed education to a ide range of state and private schoolsc
development of course content with the scHeas invaluable to ensure its relevance and effectiveness.

Monitoring and evaluation

A Monitoring and Evaluation Frameworkas establishedn 2020 togaugethe success of the projecflhe
project’s impactthe effectiveness and efficiency with which ingpg were able to be accomplished and the
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suitability of the project to the needs of the loaidregional communityare recorded This involvethe use of
a Planning Triangle to help us identify connections between the work we do andffibeidée it males. The
Planning Triangle enaldeis to generate a list of outputs by examining our objectives, which in turrridesc
our work. Our outputs meanwhile are the products and servitesForktree Project provides.

Output indicators allow us to collect andédp track and report on the work delivered. Output indicators provide
information aboutthe outputs we deliveredwho we delivered them tpandwhether the end users were
satisfied and thought our work was good quality. Outcomes are the chahgeésdmefrom our work - the
change we creatandnot just the work that we deliver. Ongoing monitoring enables us to adjustcisioé the
way the projet delivers against its goals and objectives to improve on prajattomes.

Arange of measurable critererereportedto demonstrate the overall impact of The Forktree Projéatiuding
but not restricted to the following:

x completion of the native sanursery and rare seed orchard

number of native saplings grown in the-site seed nursery (18,000 this year).

completion of seed orchard infrastructure

numbers of rare species grown in the seed orchard

success rates of species groandtheir digribution beyond Forktree

number of tubestock produced for use on other properties

numbers ofindigenous and noiindigenous employees working in the nursery and orchard,

the training they receiveand the longterm benefits associated with this

X educational programs delivered and feedback from the schools and studentstiasit
effectiveness

X X X X X X

Summary

The Forktree Projeotvas founded in 2019 and is designed to be a showcase of what is possibtengndae
habitat restoration, regenerative agriculture and improved land and watanagement. In addition to being a
working demonstration project it also performs the importafiuinction of being a ‘stepping stone’ habitat
between areas of remnant vegetatian a very denuded region and it providegcurity populations’ of rare
species Demonstrator projects are a powerful way of showing best practices ionact

Smaller rural properties such as Forktree constitute 75% of farm busis@asAustraliaAlthough such smaller
properties occupy<10% ofAustralia’s agriculturaland, many are situatedin coastal regions with good soil,
rainfall and high biodiversity value, making thelisproportionately high achievers in terms pétential for
combatting both biodiversity loss arsdquestering carbon dioxidés such they are critical in helping achieve
healthier rural landscapes at scale.

Despite the Forktree Project being only 3.5 yearswklhope we have served as an actiocused examplef
what is possible in terms dioth restoring habitat and showcasing sustainable practices. We welqusaitive
feedback and information exchange and would like to extend an open invitldioRREENET attendees to visit
us.

Further information: https://www.theforktreeproject.com/

E: tim@timjarvis.org
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ACHIEVING SUSTAINABLE GREEN INFRASTRUCTURE: IS THERE A
FORMULA?

Geoff Connellan

Abstract

Green infrastructure is an essential part of a city. Justifioatinclude environmental, sociahd economic
benefits, water management and climate mitigation. Terms such as sabilify and resilience are often
attached to green space messaging, but what do these terms mean when plamdngdesigning green
infrastructure? Sustainability can be described as meeting current neetlswvitompromising the ability of
future generations to meet theirs, so is often focussed on not depletisgregl resource inputs such as soil,
water and energy. Understanding and providing for current and future needsdetédsand green space inputs
need to be weighed against outputs that are relevant, defined and quantifieth. &abe following elements is
essential to delivering sustainable cities; they are examined in thisrpagepport progress toward stainable
green infrastructure:

x definition and quantification of green infrastructure primary and secondaryices
placing appropriate emphasis on the economic value of greeastrficture services
adequacy of soil volume, moisture status and water security to support ptamitky
engagement of multdisciplinary experts in planning and development of green space
in-built resilience of green infrastructure systems by design
knowledge of system vulnerabilities and potential causes of failure lgadiplant death
measurement and reporting of system performance in quantitative terms

X X X X X X

Sustainability: what does it mean?

All urban green spaces are expected to be sustainable, but what does thishacheain? Whilst there are
various descriptors of sustaibaity the origins of the definition are founded in the 1987 Brundtland Commission
Final Report which defined sustainable development as: “development thatsrtbetneeds of the present
without compromising the ability of future generations to meet thewn needs”. The sustainability approach
is based on the ‘three pillars’: environmental, social aodn®mic sustainability.

The requirement that sustainable green infrastructure delivers servacab benefits for the enjoyment of
current citizens is coréSome reasons why green infrastructure’s services may not be deliveré&ansisy
include:

selected species do not provide their required function

site constraints and conditions impact negatively on plant health and develnpm

soil water stress-low rainfall, drought, lack of water supply security

scheme engineering failurethe built and natural elements may not function as intended.

X X X X

Sustainable green infrastructure delivers high value services that ntleetseeds of communities. Reducing,
minimisingor eliminating input resources is a strong feature of green spacesadte considered to have
sustainability credentials. Resource inputs should ideally be minimisedficiency, but they must be sufficient
and appropriate to support the services thae to be delivered and sustained for such time as is needed for the
green infrastructure to achieve its design life. By its very masuistainability is a lorgerm concern, and those
who design green infrastructure must design for the long term.

Green space services

The many values and benefits of green urban spaces and landscape elements haverheerstcited and well

reported in terms of their contribution to the liveability @lur cities. These spaces and places come in a wide

variety of forms inalding recreational grass surfaces, parks and gardens, urban treesatesfjbioretention

devices and green walls. These spaces have varying roles in the wayritrdyut® to communities. In terms of
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planning for increased greening in urban areas it is important that the ssracd benefits to be provided by
green infrastructure are well defined, so they can be understood and comsidercost benefit analyses on to
inform project scoping and design decisimaking processes.

There are many different ays in which vegetation provides services to communities and the environmbat
physical characteristics of the vegetation directly influence thays plant species interact with their
surroundings. The particular functions required of vegetation should ideally bengsh the primary
considerations during the initial scoping and planning stages for a greestmitaure project and these will
inform regarding design of the space and the selection of plant species. Th®fisnaclude:

thermal—shading and cooling

hydrology-rainfall retention (peak rainfall runoff reduced)
water filtration and purification

air purification—dust collection

carbon sequestration

playable surfaces grass

wind barrier

enhanced landscape aesthetics (visual amenity

X X X X X X X X

There will be many services and benefits to be provided by a new green spaceehdheprimary services
desired specifically for a project should be identified. In addition to providirigance in the development of
the optimum project design, identifying the primary services also providesuad basis for monitoring and
evaluating the green space’s effectiveness. When the green space servieebdsvidentified some of the
physical plant characteristics needed to deliver these seswie® be coridered, such as:

the quantity of plants and the leaf area index needed to provide canopy cover or shade

plant water use characteristics necessary to deliver coolingutjiinevapotranspiration

leaf surface type and area to intercept, redirect and storefediin

leaf surface properties to help to filter air and capture airborne parsiad

leaf surface type and appearance to suit human contact (active recreatmogprovide a desired
amenity or windbreak effect.

X X X X X

Water for urban green spaces
Water demand

Maintaining vegetation health so that it provides the servioeguired of it can involve significant amounts of
water passing through the plant and its supporting systems. Ideally thereshjuwater would be sourced
through rainfall, but in many partsf @ustralia this is rarely achieved. The volume of water required to keep a
lawn or sports ground transpiring and healthy in Australia may be 500 to 669 figr day for each 100%uof
grass. Significantly less water may be required by native landsdaptngs, however this represents very a
different type of green space and the services provided vary greatly.

As water availability is fundamental to sustainable delivery of greenesparvices, a first step in planning to
create or maintain them is tprepare a water budget. A water budget must include both seasonal and annual
water consumption by the vegetation types used to deliver the services. Ini@udit informing the supply of

the vegetation’s water needs, the water budget is used to evaluate the gspawce’s water performance
following construction. Preparing a water budget by estimatiequires that the water use characteristics of
the vegetation, the landscape coefficient (Kc), and climataitkeincluding rainfall and evapotranspiratiorea
known. The Kc is the ratio between reference evapotranspiraf{loho) and the evapotranspiration from a
specific plant species. ETo data are available from the Australian ridomer's Bureau of Meteorology; Kc
values typically range from 0.20 to 0.90, as shown in Costello & J20@3) @nd Connellan (2013).

Rainfall dependence

A primary aim of green space design should be sustainability, so demand on petdéteshould be minimised
and water supply should preferentially utilise rainfall that is surplus to otheposes and would otherwise be
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discharged as stormwater runoff. The following four approaches can bé tts meet green space water
requirements while minimising impact on potable sources, with the approaciptadodetermined by plant
water needs and availability water resources:

1) optimise rainfall capture at the site bgaximising infiltration and soil water storage

2) divert local rainfall to the green space element, i.e. passiigation.

3) active irrigation using harvested stormwater as an alternative {patable) water source

4) active irrigation using potable mains supplhere rainfall is inadequate and alternatives are not
available.

The first three processes meet sustainability objectives as theyeutiliger sources that are independent of
potable mains supplies. In terms of meeting overall sustality objectives,active irrigation using potable

mains water requires comprehensive consideration of the value of the gresresgervices it supports. If the
value of services delivered by a green space is low, then irrigation withsmater may compromise the

environmental and financial sustainability of the green asset and upgrading to incteassei(and therefore its

value) may be justified if demand is sufficient

Climate change impacts on water supplies and plant water use

Climate change hamanynegative impats on the sustainability of urban landscapes. Higher air temperatures
and extended dry periods increase evaporative demsmgiant evapotranspiration rates will be higher. More
frequent extreme temperatures will require additional water to be availableritical times.Longterm climate
scenarios for southern Australia f@090 estimateannual rainfall will reduce in the vicinity of 10% and
evaporationwill increaseby 9%. The combined effect of rainfall and evaporation is that the deficibeill 9%
higher and so it can be expected that irrigation needllincreasesubstantially Catchment harvesting yield is
predicted to reduce by 21¥%sothere will be less harvested water available for green spatese species
selectiors will need to be amendedot maintain urban forest resilience duringxtreme temperatures and
extended dry periodsthisprocess haslreadybegun (Kendal and Baumann, 2016).

Water quality

Australian cities have traditionally used high quality drigkivater for all applications atuding personal health,
cooking, and nofpersonal uses such as car washing, irrigation and industrial use. The configfdoopurpose’
water sources has been adopted in recent years, to reduce consumption of potabis mater through the
increaseduse of alternative supplies of appropriate quality for #hygplication. Potable water is in limited supply
and is energaexpensive to produce and pump, particularly if produced through desalination. Rotadihs
water should be reserved for applications that need high quality water, subhraan consumption.

Alternative water sources are potentially available to help reduce dwhmen potable supplies, including
recycled water, stormwater, and bore water. Whatever alternative sowsamnsidered it mustadisfy a range
of criteria to be deemed suitable for a green space project. Water tyualia key consideration. Water quality
can be considered in terms of chemical, physical and biologicatyqual

Physical water quality issues such as suspended ma#tar impact the operation of irrigation systems.
Particulates suspended in alternative water sources can increase wealvies and sprinkler mechanisms and
can cause blockages. Filtration can prevent these issues, but this can actthdtruction and ongag
maintenance costs.

The soil hydraulic properties and drainage (hydraulic conductance) are impodasiderations when assessing

the potential to use alternative water supplies. Sports turf soilshhieir generally good drainage properties,

can uilise alternative water sources with higher salinity as thksscan be leached from the soil by rainfall. Fine
soils like clay and silt have lower drainage rates so salts @anmalate to a level where they affect soil and

plant health.

Plants are serisve to many chemical elements and compounds that are commonly found in soeraatlve
water sources. Chemical effects range from direct toxicity to sensitarg ppecies to effects on plant processes
resulting from the progressive builth of specift elements or compounds. In addition to chemical response
issues, some watdvorne biological organisms can impact plant health and be harmful to humansl@tive
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effects in soils may be problematic, depending on the element or compoundsdheype, ad climatic
conditions which impact evaporation and the frequency of leaching by rainfall.

WSUD performance and maintenance

The retention of rainfall runoff within the local environment via Water &&esUrban Design (WSUD) elements
provides many benefits and meets sustainability objectives. Both watertyj@ald water quantity objectives
can be achieved through this integrated green infrastructure. VegetatedDMSements combine engineered
structures and natural, pladiased systems. It is challengihgsigning these combined systems so they function
effectively across a wide range of soil, vegetation and weatbaditions including flood and drought.

Soil media in green infrastructure systems are required to perform sefitgrafions simultaneouslyncluding
filtration, water treatment, and providing support for plant rosystems, trees and potentially engineered
structures like roads and footpaths. To function effectively andbsljaand deliver the intended services, WSUD
devices need to be weltlesigned for the particular site conditions, installed acamgdio design and
specification, and they need to be appropriately maintained. WSUD systemsréhpbarly designed, built or
maintained can and do fail.

A total of 95 WSUD assets were auditegipart of an investigation into the performance and status of these
systems in Victoria (Melbourne Water 2017). The assets included 5Tategjdioretention systems, 25 tree
pits and 13 wetlands. Properties assessed included hydraulic performaadienent accumulation, plant
density and plant health. Using vegetation cover as a criterion it was foundB@a of bioretention systems
had poor cover, 31% had moderate cover and 39% had good vegetation cover.

Care and maintenance of WSUD systems has been identified as a majorrflutncing their performance
and aesthetics. Achieving sustainability with these systeetpires adequate ongoing resourcing for
maintenance. The performance of WSUD systems was questioned at the State ComfefeBtormwater
Victoria at Geelong in June of 2022. The response to the quefimryou believe that bioretention systems
typically provide a sustained, effective stormwater treatment function consistent withdbasign intent?was
detailed in a presentation at the conference. This question had beendaskginally at an Ocean Protect
webinar on 8' February 2021. In answering the question, 45% of respondents replied ‘yes’ ane@&ad ‘no’

or that they were unsure. These responses indicate either a lack of knowlédggetated WSUD systems or
of their design intent, or low confidence in theamacity to sustain their intended services.

Water for green space sports grounds

Providing active recreation areas in Australia using grass caxpgEns&ve in terms of water requirements.
Across many parts of the country turf grass pitches and ovals regignificant supplementary irrigation to
maintain a playable surface. In southern Australia a grass sports suefqeiges around 250 litres per player
hour to maintain a playable field for football or cricket. That is, for evenyr keach sports persois on the
ground an irrigation volume of 250 litres is required, in additio significant agronomic and other resources
such as fertilizers and plant health chemicals.

Balanced against these high resource inputs are the values of the benefiteadldrom providing sports
facilities. These include not only the health benefits of individual ppétits but also the social benefits derived
by those involved in or connected with the sport and the activities of the atutsssociations. The value of
viablesporting facilities in rural areas was highlighted duringiikennium drought (2001 to 2009). Community
wellbeing was seriously impacted, including in the area of nmidmealth, if playing surfaces such as sports
grounds were not maintained and functial. Evaluating these spaces in terms of their value anchsuaiility
needs to account for the full scope of services and benefits they provideninoaities.

Urban forest water requirements

An important part of the greening of cities is the increase in canopy covéeadl by improving urban forest
policies and strategies. Services increased by improved udrastfstrategies include thermal (cooling) and
hydrologic (stormwater benefits, auding runoff peak flow reduction), and multiple additional benefits. Whilst
the services to be delivered will vary, the underlying requirement is tieatstneed to be successfully established
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and maintained through maturity. This requires access tormoikture, particularly in periods of high water
demand.

Current urban forest strategies aim to achieve significant emes in canopy cover over coming decades, with
some areas aiming for 15% increase. For a medium size suburb, say, 1Bikincrease represents 1.5 million
m? of additional canopy. In terms of total water demand, assuming mediumnetage rate tree species in a
climate similar to Melbourne, this increase in canopy cover doedjuire around 400 mm of evapotranspiration
per square mete of foliage. The increase of 1.5 millioAahcanopy area would, therefore, require an additional
600 ML of water to be drawn from tree root zones each yealarge amount for an average size suburb. Much
of this will be provided by rainfall, with aditinal stormwater directed to trees via passive irrigationdan
some situations active irrigation may be required. Planning urban fotestasure that the increased canopy
area can be supported is essential, and this will be a significant sustaatettignge.

Woody meadow

The woody meadow is a relatively recent addition to the green space optioimg hestalled in urban
environments (City of Melbourne, 2020). As the name suggests the plant sitiopoof the woody meadow
includes shrubs and small trees, with a key characteristic being that thesee Australian shrubland species.
The main properties or attributes of woody meadows are:

they have substantial aesthetic appedbliage and flowering
vegetation growth excludes weeds

they are low maitenance— coppicing every 1 to 3 years
they help to mitigate urban heat island effects

X they conserve biodiversity and enhance habitat

X X X X

Resilience is a characteristic feature of a woody meadow. The use of harigliansnative species increases
the likelibod that the planting will survive extreme climatic conditions and thapptementary water
requirements will be restricted to the establishment witto ongoing irrigation required. While still largely
experimental the woody meadow concept is currentlyrigeevaluated by several local government authorities
and it may in future become part sustainable green space provision.

Strategies for sustainability — overview

Some strategies that can be adopted to support the provision of sustainadx®e gpace are psented below.
These strategies focus on water requirements; other related sustaityabiliategies such as plant species
selection are not reviewed here.

Soil volume

A very common image is that of a large tree growing in a small tree pit. As newedtabsh and grow, the
available soil volume and resources in small pits become limiting atrictéke development of the tree. The
size of tree that a particular site can support is dependent on the soil volwaitahble for root extension and
development, and tree resilience is limited by resource availability which in many wagpendent on available
tree soil root volume. Important work in recent years has focussed on gicovdf adequate soil volumes for
trees to enable their growth to maturityosthey can deliver their substantial benefits. The methodology for sizing
of soil volumes presented by Haege (2020) represents significantga®gnat will support urban forestry well
into the future. Soil volume limits naturally accessible saiter capacity. In situations where soil volume is a
limiting factor, the provision of irrigation can support largezds.

Soil water banking

Soil is a major water receptacle that can be better utiliseddmrage to meet the water needs of urban
vegetation. Therolume of water that can be stored in the deeper soil layerarigel Soil storage is traditionally
considered to be the water available in the active root zone of the ie@jgreen spaces. This applies to shallow
rooted vegetation such as turf grasseghere the root zone depth available for storage may be 200 mm to 300
mm, which may be sufficient to store the equivalent of 30 mm of rainfall. For vegetaith access to deeper
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soil water, such as trees and large shrubs with sinker roots, the deptbilofoot zone storage may extend
beyond 1 m.

An investigation into the use of drip irrigation to supply water to stressetlaad trees in Melbourne CBD was
reported by Mayet al. (2013). Whilst the drip system delivered water during the summer andnautf 2009,

the supplied water was found to be inadequate to meet the tree’s needs as soil watéent was close to
permanent wilting point at some sites. A subsequent investigation used thesgsiem to replenish soil water
content late in the winterThis experiment showed the wetter area beneath the drip line extended much further
than it had during the summer irrigation cycle: up to 1 m on either side ofitheline and through the sandy A
horizon into the clay B horizon to depths of up to 800 riiime recharging of the soil water using drip irrigation
during winter was shown to increase soil moisture levels in the tree rocszon

In addition to the volume of water stored there are potentially important biisein terms of timing of
harvesting of stormwater. Water will often be available from stormwater sesinn the winter and spring,
however the demand for irrigation at these times is low. Being able to stoterwathe soil in late winter and
spring can make it available in the root zone frtira time when plants commence their spring growth phase
and through into the summer. Extensive trials at the Royal lot&ardens in South Yarra, Victoria, have
demonstrated the effectiveness of this ‘soil water banking’ approach (Syin€onnellan 2015)in which
harvested stormwater is used during late autumn and winter to replenish suledsture. Water content was
monitored to 4 m deep in the area of soil water recharge. A total depth of 373 mnatefwas stored in and
recovered from the soil dung the 2012 to 2013 irrigation season. This alternatively source weapdaaed a
total volume of 8 ML that would otherwise have been drawn from the potablnsnsupply. The application of
irrigation water outside of the summer demand period when alternative stortewaources are likely to be
available, therefore, has the potential to reduce or prevent urban tree wateess and demonstrates a
significant contribution toward sustainability.

Supplementary watering intervention ~ — Tree health ladder

Duringextended periods of low rainfall and drought, as vegetation becomes isicrglyg moisture stressed,
supplementary watering should be considered. There are many approaches availphdeide supplementary
irrigation to trees, including temporary storagdsit trees present a particular challenge. Trees have extensive
and widely distributed root systems, but supplementary water is typically apgdltise to the trunk where there
may be little or no active fine root system.

One key question regarding supplementary irrigation for established trees ishat point should water be
applied to ensure the survival of the tree? The deaths of many hundreds of stneeparkland trees in
Melbourne during the Millennium Drought showed the results of responding t@dabf applying inadequate
amounts of water to make a difference. A tool developed by the City of MelbourfismeaHealth Ladder (May
et al. 2013), now guides the application of supplementary watering. Therdoarestages in the Tree Health
Ladder:

1) Healthy tree
2) AtRisk tree
3) Declining tree
4) Dead tree.

As a tree exhibits increasingly significant signs of stress andjeneral decline it becomes less likely that the
application of supplementary water will be adequate to prevent further declind &ree death. Earlier
intervention with supplementary watering is recommended rather than later,fihnancial as well as human,
environmental and aesthetic reasons. When the value of an urban tree is coesitte cost of supplying
supplementary water can beeadily justified. The useful life of an urban tree with aueabf $20,000 might be
extended (or rather not cut short by a drought) for an investment in supplementatgrwé $200 (60 kilolitres
at $3 per kilolitre). Such investment would likely avoid tar greater expense of tree removal and replacement.
The practicality of providing supplementary water to mature trees is aneisbut this could be overcome
through the wider use of dispersed WSUD devices throughout the catchmentssamipcities antbwns.
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Water efficiency

The term ‘efficiency’ is used a lot in relation to green spaces and waterHffgiency can be viewed in two
contexts: (1) efficiency of water use and (2) irrigation efficiency

Efficiency of water use

Efficiency of water uses a productivity measure. The yield or services that are produced by greea apac
relative to the water inputs. The conversion of sporting grounds from season grasses to warm season
grasses is a good example of efficiency gains in terms of water use, with sienfzam@ance from the grass
surface achieved with significantly reduced water inputs. The redesignasfdadape from plants with high
water demand to one with vegetation which requires less water is another exarppbvided the desired
functions of the green space are sustained.

Turning off the water supply to previously irrigated areas, as has octimgast droughts, is not an example of
a water use efficiency gain. As green space outputs suffer from inadequate thateytput orservices diminish
severely and citizens can suffer loss as a result. Diminished urban caslitts in reduced quality of life and
can lead to increased morbidity, and restoration of the degraded green spaceequire substantial financial
investment and time.

Irrigation efficiency

For actively irrigated sites the measure of irrigation efficiency ésptoportion of water that is taken up and
used by the plant relative to the amount of water applied. Optimising inagag¢fficiency requires attention to
the method of water applicadn and scheduling of water delivery. Application efficiency is achieved wiee
water is applied so it reaches and is detained in the plant mmote with minimal loss. Scheduling efficiency
requires that an appropriate volume of water is applied so thé& available to the plant when needed, with
minimal loss.

Achieving overall high irrigation efficiency needs welsigned and managed systems that deliver water where
it is needed when it is needed. This means balancing the needs of the vegeygko the properties of the root
zone soil, and the performance of the irrigation system to the precediraygiing and anticipated weather
conditions. An irrigation system that has a high application efficiency mmeisistutely managed to achieve
overallirrigation efficiency and support green space service delivetigation controllers with inbuilt weather
monitoring and options for multiple sensor inputs (i.e. ‘str@ntrollers’), support reliable irrigation scheduling
and application.

Assessing whéer irrigation was efficient or not requires examination of the ctinds that existed during the
irrigation season. The primary question is how much water was applied cothpafeow much should have
been applied? This measure is called the Irrigatiatein(li). The methodology for the determination of li is
described in Connellan (2013).The irrigation index takes into account thel acater demand based on crop
coefficient values (Kc), rainfall, evapotranspiration (Earad irrigation efficiency. The target value is li = 1.0.
Values greater than 1.0 indicate owsatering and less than 1.0 potentially indicate uneatering. There are
other efficiency measures, such as Distribution Uniformity (DU), howthese relate to the application
efficiency ofthe irrigation system and not the overall irrigation efficienahich considers the operation or
scheduling of the system.

Quantifying benefits and valuing services

Quantifying the services to be provided by the green space and the value of thegmesé a foundation of

sound planning for sustainable infrastructure. To make the business caagyfeen infrastructure project the

input quantities and their costs and the services delivered (outputs) and tHeie weust be quantified. A review
of the benefits of green space and quantification of their value was detailé¢ldei City of Melbourne Report
titted Quantifying the Benefits of Green Infrastructure in Melboydomeset al. 2018). The review focussed on
green roofs, green facades and green walls; it described the main benefits gssb@imwater management,

cooling cities (mitigating the UHI effect), biodiversity constova and contribution to human health and
wellbeing.
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The value of green space schemes that provide water treatment setvésesbeen aided by pricing attached
to removal of nitrogen and other pollutants in some states. It was shownnheigen removal could provide
an economic benefit of AUD $200 per tree in an urban catchment in the City bbMek. Jonegt al. (2018)
also identified additional benefits that should also be considered, including puldipavate benefits across
local, citywide and global scales, and provided summary details for figag®ns covering stormwater, cooling,
biodiversity and health and wellbeing. Knowledge gaps in quantifying green spae#baere also noted.

Environmental and economic benefits available through rainfall interoapy trees have been reported by
Baptistaet al. (2020). Thermal insulation properties of some green roofs have the itapagustify investment
through reduced energy consumption, potentially realising energy savings tf 3% at the wholef-building
scale. The economic benefits of many other green space serviceasudalth and recreation activiienay
not be as well defined and quantified, as detailed in Retval. (2021).

Conclusion

Delivering sustainable green space requires examination of the inputsreeqfar its delivery and justifying
input levels demands quantification of the benefits produced. On the output sideicesribenefits) must be
defined, assessed, and quantified. On the input side, resources used to delivmartatits must be quantified.
The question of whether services should not be provided if the required inputs apgeassive, or if inputs
require limited and diminishing resources, remains a value judgement.

The COVIRY9 lockdowns and previously the widespread deterioration of public green spadegdiire
Millennium Drought have heightened awareness and appreciatichebenefits of green infrastructure. This
awareness presents us with an opportunity and a challenge. The opportunity isgoepsosufficient provision
of quality, connected, public green space. The challenge is taatiapibn this current heightenealwareness
and appreciation (i.e. value) to ensure continued investment in green infretsitre.

A key factor in sustainable green space provision into the future will be tflection of data needed to assess
its performance and value. Data are required to inform both sides of the emué#twe are to make sound
business cases for investment in gnespace. Input data needed include the total resource inputs used in
construction and operation of green space and its maintenance systems,tés lwmiget and actual water use,
and its sources of water. Output data needed include the type and numlsereices delivered, e.g. the number
of visitors and the time they use the facilities for passive recreatiomnumber of teams that use the site for
more active pursuits and the number of matches/games held per week or per ysaroimental metrics on

the output side of the equation might include local air temperature at theyated facility compared with
surrounding areas and annual change in the site’s tree canopy cover.

A fundamental part of balancing the formula for sustainability is the opemamnge of information and
experiences, good and bad, that inform the mudligciplinary teams responsible for planning and developing
green infrastructure. Only through information sharing can we progresaitdwustainability and deliver green
space benefs for current and future generations. As they are dynamic and complex systémdiving and
built elements, green space and green infrastructure monitoring and assessnust be ongoing for the long
term. As with built assets, green infrastructure’s living naturairednts must also achieve their full asset life to
sustainably deliver their services. To deliver financelig environmentally sustainable green infrastructure its
designers, builders and operators must consider it from a-tenm perspetive; the equation must balance
now and into the future.
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