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Professor Robert Hill 
Bob graduated from the University of Adelaide in 1981 with his Ph.D. on Tertiary plant macrofossils and later 
earned his D.Sc. researching the interaction between climate change and the evolution of Australia’s living 
vegetation. He has held positions in Botany at James Cook University and at the University of Tasmania, where 
he was Head of the School of Plant Science and was awarded Professor Emeritus status. In 1999 he returned to 
Adelaide as a Senior Research Fellow. In 2003 he became Head of the School of Earth and Environmental 
Sciences while also Head of Science at the South Australian Museum. Bob held the position of Executive Dean 
of the Faculty of Sciences for 11 years from 2006 and recently completed a long period as Director of the 
University’s Environment Institute. Bob has made significant contributions to the areas of palaeobotany, plant 
systematics, plant ecophysiology and the application of research from these areas to interpreting changes that 
have occurred to the Australian flora through evolutionary time. He has had a lifetime interest in the evolution 
of the vegetation of Australia and Antarctica. He has published more than 150 refereed journal papers, 35 book 
chapters, several symposium papers and has edited or co-edited four books. In recent years he has turned his 
attention to the impact of climate change on living vegetation, with a strong interest in the impact of extreme 
weather events on vegetation in urban areas and on the recovery of native vegetation following extreme fire 
events. 

 

 

Dr Jacob Mills 
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conservation ethos led him to relinquish his industrial electrician’s tools to begin research to better understand 
this connection. Working at the microscopic scale, he and his colleagues have shown that the urban microbial 
world is tied to a city’s larger biodiversity. They have shown that urban green spaces with more complex 
vegetation diversity give children better exposure to complex soil microbiomes which potentially reduce the 
incidence of non-communicable disease through improved training of their immune systems. Published in the 
journal Restoration Ecology, Jacob’s team’s paper titled ‘Urban habitat restoration provides a human health 
benefit through microbiome rewilding: the Microbiome Rewilding Hypothesis’ won the International Society for 
Ecological Restoration’s 2017 Bradshaw Medal for ‘work that significantly advances the field’.  

 

 

Dr Greg Moore OAM 
Greg is a Senior Research Associate of Burnley College, University of Melbourne. He was Principal of Burnley 
from 1988 to 2007 and Head of the School of Resource Management at the University from 2002 to 2007. With 
a general interest in horticultural plant science, revegetation and ecology, Greg is particularly interested in 
arboriculture. He was inaugural president of the International Society of Arboriculture, Australian Chapter, and 
has worked on the committee responsible for the National Trust of Victoria’s Register of Significant Trees since 
1988 and as chair since 1996. He has served the boards of Greening Australia (Victoria) 1988-2012 and Trust for 
Nature, 2009-17. He is on the board of TREENET (chair 2005-2019) and Sustainable Gardening Australia. He has 
written three books, seven book chapters and has published over 200 scientific papers and articles. He was 
awarded an OAM in 2017 for services to the environment, particularly arboriculture. 
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water and environmentally sensitive outcomes in Western Australia. She is also the Program Manager of New 
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is a strong advocate for the ability of the land use planning system to deliver innovative development outcomes 
and liveable communities which respond to environmental and climatic conditions. 

 

 

Mayor Michael Hewitson AM 
Michael graduated from Adelaide University with honours as a microbiologist and as a Pilot Officer with the 
RAAF. He taught maths and sciences at State and independent schools across South Australia. In 1975 he was 
appointed as Director of the Salisbury Education Centre to progress teacher training, publishing, and engaging 
the community which included establishing Radio Station 5PBA. Michael has been instrumental in founding nine 
schools and re-establishing two bankrupt schools. He was the foundation Principal and CEO of Trinity College 
Gawler in 1984, growing the student population to 3,300 students in 2002. Michael’s service ethos has led him 
to serve on many boards including Rostrevor College, the Australian Board of Education, Oceania ICLEI Steering 
Committee for Global Covenant of Mayors, the Australian Curriculum Assessment and Reporting Authority 
(ACARA), and to chair ACARA’s Audit and Risk Committee. He was recognised as a Fellow of the Australian 
College of Education in 1998, and in January 2013 was made a Member of the Order of Australia. His book ‘How 
will our children learn?’ was published in 2012. Michael was elected as a Councillor for the City of Unley in 2006, 
serving for 12 years prior to being elected as mayor in 2018. Michael is married to Rosslyn; they have four 
children who have three children each; nine of whom live in Unley. 

 

 

Kerry Gore 
In his 45-year career in the finance industry Kerry planned and managed major corporate and state and federal 
government tenders and projects and he participated in expert panels informing, in part, government policy. 
Following his retirement, in 2019 he was encouraged by his local government councillor brother to attend 
TREENET’s 20th National Street Tree Symposium. The opportunity to benefit communities and the environment 
was so clearly presented at the symposium 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, having worked in local government in Victoria before moving 
to Tasmania where she is the City of Hobart’s Program Leader of Arboriculture and Nursery. Her Master of Urban 
Horticulture degree from the University of Melbourne (Burnley Campus), underpins her applied research 
activity, particularly in relation to better integration of trees into built environments. Ruby is a passionate 
advocate for and manager of trees, urban green spaces and biodiversity; she understands the value of trees and 
the contributions they make to the health and well-being of individuals, communities and to the environment. 
Ruby has a strong focus on strategy and policy development to ensure consistent and robust local government 
decision making, fairness, and social equity. Ruby has been a local government representative on the TREENET 
Management Committee since 2021.  
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Tim is an environmental scientist, conservationist, author, film maker and adventurer with Masters degrees in 
environmental science and environmental law. He is a Senior Associate of global engineering firm Arup and a 
sustainability adviser to Australian insurance industries as well as to the World Bank and Asian Development 
Bank regarding aid projects in developing nations. Tim has led expeditions to remote regions including the South 
Pole, the high Arctic and across the Great Victoria Desert. He retraced Sir Douglas Mawson 1913 polar journey 
using only the same gear and rations and in 2013 he retraced Sir Ernest Shackleton’s “double”: he sailed from 
Antarctica to South Georgia and climbed South Georgia’s mountainous interior using only period clothing and 
equipment. Tim’s books include The Unforgiving Minute (Random House) and Mawson: Life and Death in 
Antarctica (MUP), which was released with his UN-endorsed documentary of the same name. He co-authored 
The Frozen Planet which was jointly released with Sir David Attenborough’s TV series. Tim received the Bettison 
& James Award for documentary film-making for his current project, 25Zero, which highlights climate change 
through the plight of the world’s melting equatorial glaciers. for excellence in scientific achievement and 
commitment to science communication. He received Royal Institute of Navigation’s Certificate of Achievement 
as Expedition Leader of the Shackleton Epic Expedition. He was inducted into the Royal Institution of Australia 
(2017), received the Sydney Institute of Marine Science’s Emerald Award (2013), was named Conservationist of 
the Year (2015) by Australian Geographic, and was conferred a Member of the Order of Australia (2010) for 
services to the environment, community and to exploration. He was granted Fellowship of the Yale World 
Fellows Program for international leadership in environmental sustainability, and is a Global Ambassador for 
international sustainability NGO the World Wildlife Fund. 

 

 

Geoff Connellan 
Following his research, teaching and outreach work with the University of Melbourne at the Burnley Campus, in 
2007 Geoff began consulting in the field of water management for sustainable green space since 2007. Geoff’s 
focus on development of water management plans, evaluation of irrigation system performance and water use 
efficiency and irrigation design solutions for turf, urban trees, high value landscapes, green roofs, multi-story 
building plantings and botanic gardens has led to his expertise being sought in setting standards for industry. He 
was the Principal Consultant for the development of Best Practice Guidelines for Functional Open Space, 
published by Smart Water Fund and City West Water, in 2015. He is author of the key open space management 
text; Water Use Efficiency for Irrigated Turf and Landscape, published by CSIRO, March 2013. Geoff has 
presented and published widely in Australia and internationally. He has been a member of the Stormwater (Vic) 
Committee (2014-2018). He is an Honorary Adjunct at the School of Ecosystem and Forest Sciences at the 
University of Melbourne’s Faculty of Science, has been a judge for the National Stormwater Awards hosted by 
Stormwater Australia, and in 2008 he was awarded the National McLean Iedema Award in recognition for his 
outstanding contribution to irrigation in Australia. He is a Life Member 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 change. When that crisis occurs, the actions that are taken 
depend on the ideas that are lying around.” 

Milton Friedman (1962) in Capitalism and Freedom. 

 

Abstract 

Human-induced climate change continues to gain considerable publicity as our politicians in general follow 
rather than lead public opinion. Recent extreme flood and fire events have demonstrated what the future might 
look like and while we can be certain of nothing in the future, it would be irresponsible not to plan for continuing 
weather extremes. While summer floods on the east coast have been the latest large-scale catastrophe 
originating from extreme weather events, across most of Australia planning for urban areas must focus on what 
we should do to prepare for extreme drought and/or extreme heat in our cities and towns. While we have 
reached a point where we will require massive technological solutions to retain anything like our current life-
styles, it is critical that we future-proof our cities as well as we possibly can. Urban vegetation has the capacity 
to play an important role in making our towns and cities more liveable and in providing some precious time for 
us to develop longer-term and more permanent solutions to climate change. This paper focuses on the key 
planning issues and what we can expect in the best case from well-planned urban vegetation in the changing 
climate. 

Introduction 

Climate change is rapidly gaining public acceptance as the major challenge for the present and for future 
generations, but there is little evidence that the likely full impact of climate change is well understood. While 
the focus remains on retaining future temperature increases within a 1.5-3.0°C range of mean annual 
temperature, there are signs that the inevitable growth in ferocity, duration and frequency of extreme weather 
events has emerged as a public concern. Clearly the focus must be on slowing, stopping and then reversing the 
output of the major greenhouse gases, but even if we are successful, a continuing 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 whatever we can to mitigate the 
impact and within cities this means we must find ways to reduce the impact of extreme heat, rainfall and flood 
events, prolonged droughts, high winds and rising sea levels. To plan for success we need a clear understanding 
of the likely extreme weather events we will be facing, the best use of urban vegetation in mitigating the impacts 
of these events, especially on human well-being and health, and how we should select and monitor plant species 
and the vegetation they are to be planted in for success in these challenging environments. 

What are extreme weather events?  

Extreme weather events are almost self-defining, but it is important to consider some of the details around 
these. From a human perspective, an extreme weather event can be considered as a crisis, where a crisis: 

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

2. is unpredictable, or at least, it is generally not predicted by the participants. This implies an element of 
surprise and a lack of preparation. 
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3. results in fundamental changes in the natural order of a system. That is, post-crisis conditions are 
influenced either permanently or for some time by the effects of the crisis. 

Some extreme weather events can be regarded as threshold crises in that they are the result of a gradual 
accumulation of adverse conditions until a breaking point is reached: e.g. drought and sea level rise; while others 
are best considered as point crises, where there is no build-up and for the participants the event comes at full 
force and without warning: e.g. fire, flood, extreme heat events. The important point is that some crises build 
relentlessly, others come swiftly and without warning (at least to the victim). Underlying all these events is a 
major threshold crisis – the increase in the level of greenhouse gases, which 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 is exposed to, the focus here will be on 
drought and extreme heat events. Drought is a classic threshold crisis, where a lack of rainfall dries the 
environment until each plant is placed under stress, which, if it continues for long enough, will lead to the death 
of individual plants. The impact of drought is usually relatively long-term. Extreme heat events are much shorter 
and usually span from one to several days. Extreme heat can have a direct impact on the plant and especially on 
the leaves, which can reach lethal temperatures quite quickly. If extreme heat events occur during a drought the 
combined impact is profound. 

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

Data on daily maximum temperatures from well over a century are available from the Bureau of Meteorology in 
Adelaide, and while it is not completely comparable (the location of the readings changed during this time), it 
does provide a strong general guide to the problem. Over the period from the 1890s to the present, the mean 
average temperature in Adelaide has risen by what seems a relatively small amount. Often, the number of hot 
summer days is presented as the number of days above 35°C and figure 1 (blue circles) shows the number of 
days over 35°C for Adelaide on a per decade 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, to a minimum of about 120 in 
the middle of the 20th century. The number then began to rise again, reaching more than 280 in the most recent 
decade. This is a clear and significant rise over the last 50-60 years, but should we be concerned by it? The 
answer to that lies in considering even more extreme temperatures. Figure 1 (red circles) shows the number of 
days per decade with temperatures in excess of 42°C. By any standard this presents a frightening result. There 
was a peak of 15 days over 42°C in the 1900s and then the number declined into the middle of the 20th century, 
similar to the data for days over 35°C. However, from the 1990s the numbers have increased alarmingly to a 
peak of about 40 days in the most recent decade. The clear rise in days of extreme heat is particularly worrying 
because the issue is exacerbated by the reality that these extremely hot days often come in groups, so plants 
are being exposed to potentially lethal temperatures for longer periods of time, especially during the last 20 
years. 

 
Figure 1. Days above 35°C (blue circles) and above 42°C (red circles) in each decade from the 1890s until the 
end of 2020. Data compiled from the Bureau of Meteorology in Adelaide. 
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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 during their lives and many exist in a state 
of relatively low water supply. Given that plants lose water as part of the gas exchange cycle that is required for 
them to take up carbon dioxide for photosynthesis and expel the waste product oxygen, it is no surprise that 
lack of water is the major cause of terrestrial plant death. How does this happen? 
When a plant is fully turgid and there is light available, it is likely that the stomates on the leaves will be open. 
They are turgor-operated valves 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 the uptake of carbon dioxide, 
which in turn allows photosynthesis to occur at an optimal rate. However, when water becomes scarce, the 
guard cells lose their turgor and eventually the stomatal pore fully closes, blocking the uptake of carbon dioxide, 
but crucially also blocking the loss of water vapour – this is the point where the plant changes its priority from 
maximising carbon dioxide uptake to minimising water vapour loss.  

While plants have open stomates, they are usually losing water vapour through them (unless the plant is growing 
in extremely high humidity), but even after they close their stomates, many plants continue to lose a significant 
amount of water via other pathways, and especially through the mostly water-impervious waxy cuticle that 
covers the leaf surface. This water is replaced in the leaves via the plant’s water conducting system, which is 
made up of a series of interconnecting microscopic tubes that are mostly tracheids (conifers) or vessel elements 
(angiosperms). The water in these tubes is placed under negative tension as water evaporates at the leaf surface 
and the negative water pressure thus produced “pulls” water up through the plant from the root system. 
However, if water in the soil becomes too scarce, the individual conducting elements in the main plant axis 
(tracheids or vessel elements) can cavitate as microscopic bubbles are pulled into the conducting cells, where 
they expand and block the flow by causing cavitation. Woody plants have many alternative and microscopic 
pathways for water transport, so cavitation does not kill the plant until the situation becomes extreme and most 
or all pathways for water transport from the soil to the leaves are lost. Plants can recover from short-term 
cavitation, but this is the most likely killer of plants during drought.  

Some plants have evolved to extremely dry environments and are highly efficient at reducing water loss when 
stomata are closed. In theory, such plants can remain in this state for a long time, but it may incur a significant 
cost. While a plant is alive it has some energy requirements and these are supplied via the process of respiration, 
which draws on the plant’s food reserves even when the stomates are closed and photosynthesis has stopped. 
If this continues for long enough, as in a prolonged drought, then the plant may begin to starve as it uses up its 
carbohydrate reserves in life maintenance. Eventually it is also likely that plants under this kind of long-term 
stress become more susceptible to other damage (e.g. disease and insect attack) (McDowell et al. 2008).  

Some plants have evolved in areas where summers are hot and dry and they may spend most of summer with 
their stomates closed – such plants are likely to be highly drought resistant but also probably quite slow growing. 
Other species, that evolved in environments where water is usually abundant, respond negatively and rapidly to 
drought, although the degree to which carbon starvation contributes to this is not well researched. An 
understanding of this range of responses is important in choosing species to grow in an urban environment. 

As noted earlier, drought is a threshold crisis in that it develops over a relatively long period of time and each 
plant and plant species will succumb in its own way and in its own time – the impact is clearly cumulative. 
However, extreme heat events are much more short-term in their impact. Trees are mostly well adapted to 
survive short-term heat events, but heat stress and drought stress are often linked and each can amplify the 
impact of the other. 

It has often been observed that days of extreme heat can quickly lead to direct leaf damage, with large areas of 
leaves browning off and dying within a single day. Experimental evidence on barley shows that this process can 
begin with a leaf temperature as low as 40°C (Lípová et al. 2010). Extreme heat can impact a wide variety of tree 
functions, most obviously at the leaf level, where photosynthesis is reduced, photo-oxidative stress increases 
leading to leaf tissue necrosis, leaves abscise and the growth rate of remaining leaves decreases (Teskey et al. 
2015). If a plant is already suffering from drought stress it is inevitable that days of extreme heat will exacerbate 
the situation, especially given that the residual loss of water through pathways 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 extensively studied, post-stress recovery has 
received much less attention. Ruehr et al. (2019) found that the pace of recovery differs among physiological 
processes. For example, leaf water potential typically recovers within a few days upon rewetting, while leaf gas 
exchange-related variables lag behind. Brodribb & Cochard (2009) concluded that recovery of gas exchange was 
fast following mild stress, while recovery was slow and reliant on the efficiency of repair and regrowth when 
stress resulted in functional impairment and damage to critical plant processes. 

How can urban vegetation reduce the impacts of extreme weather? 

One of the most compelling reasons for an 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 environment for the people who live there. 
We know that plants in drought-prone ecosystems can vary from anisohydric (plants that keep their stomata 
open and photosynthetic rates high for long periods during drought) to isohydric (plants that reduce stomatal 
conductance as necessary to limit transpiration during drought) (Sade et al. 2012). From the perspective of 
having an impact on the local microclimate, anisohydric plants should be a better option, since they continue to 
transpire longer than isohydric plants, thus leading to more local evaporative cooling. However, there is an 
obvious inherent risk in this, especially if a drought is long-term. 

An excellent example of this risk was provided by Sinclair (1980), who demonstrated that following the unusually 
dry summer of 1977-8 in the Mt Lofty Ranges surrounding Adelaide, the anisohydric Eucalyptus obliqua was 
dying out in areas away from water sources, while the isohydric E. fasciculosa remained undamaged by the 
drought. In normal circumstances anisohydric species can be relatively drought tolerant, but clearly they may 
be a poor choice for urban plantings in the face of increasing drought conditions. Conversely, isohydric species 
will be more prone to carbon starvation during prolonged periods of stomatal closure during droughts but are 
more likely to survive prolonged droughts. However, such species will not be as effective in providing 
transpirational cooling. The selection of appropriate tree species for urban planting will involve important trade-
offs between the capacity of the species to ameliorate local microclimates and the resilience of the species to 
adverse drought and heat conditions. Thom et al. (2022) considered the response to and recovery from drought 
conditions in street tree species commonly grown in Melbourne. They reported that Tristaniopsis laurina 
combined the desirable traits of high transpiration during periods of abundant water, high tolerance of drought 
conditions, and good recovery following periods of water stress. Species which performed moderately to highly 
across these three characteristics included Lophostemon confertus, Prunus cerasifera, Lagerstroemia indica, 
Pyrus calleryana, and Quercus palustris. Studies 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 diversity of Australian native plants in 
their natural environment. For example, two successive days of extreme maximum temperatures (>45°C) and 
hot winds in southwestern Australia in 1991 resulted in plant mortality and extensive crown damage in a 
sclerophyllous mallee heathland (Groom et al. 2004). The research suggested that relatively undamaged species 
had thicker leaves and were more exposed to wind, sun and bare soil (i.e. the plants were relatively acclimatised 
to the extreme conditions). Clearly the selection of appropriate tree species for planting in warm, dry cities like 
Adelaide, with a view to them surviving and thriving into the long-term 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 planting need to sustain photosynthesis and 
therefore transpiration. To obtain the water they need, trees need access to adequate soil volume in sites 
accessible to water recharge from rainfall (Leake and Haege 2014), and it is important that water is not lost in 
drainage discharges rather than making it available to urban trees and vegetation generally. Alternative water 
sensitive urban design (WSUD) and engineering options exist, and Gleeson et al. (2022) showed that Melia 
azedarach trees with TREENET Inlets in their root zones had 21% higher transpiration per unit canopy area. 
However, stormwater harvesting for tree irrigation is rarely optimised in contemporary urban developments.   

The effects of transpirational cooling are localised, so the urban tree canopy must be extensive and dispersed 
throughout communities. Trees in streets and roads that interconnect across towns and cities are obvious 
contributors to this essential green network, along with trees on parks and private property. The need for 
accessible and interconnected greenways for recreation and exercise has been highlighted during the Covid-19 
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pandemic, and the opportunities to integrate improved open space planning with more effective urban greening 
and stormwater management are obvious. Trees are clearly a major part of the solution to climate adaptation, 
particularly in arid and semi-arid 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 accompany it. I have focused here 
on drought and heat, but other challenges are also present and these too will increase in likelihood and 
severity. 

2. We must be clear about our expectations of urban vegetation. Much of what we would like to achieve 
will run counter to the ability of the nominated species to survive – there is a classic trade-off to be 
managed here – human well-being in the short term against the long-term. Trees that may best address 
the issues facing us for the next 20 years may be inappropriate beyond that if the climate deteriorates 
even further. 

3. We cannot simply select species that look about right and currently survive in what we regard as hostile 
conditions. It is imperative that a major research program is established to examine the way in which 
each target tree species behaves when exposed to stress, including the way in which it recovers from 
damaging events. For example, Ruehr et al. (2019) highlight three promising research directions: (i) the 
relationship of individual stress impacts and recovery rates, (ii) the carbon cost of stress and recovery, 
and (iii) the impact of post-event conditions on recovery dynamics. There is remarkably little 
information available on these at present. It will be important to instigate ongoing monitoring 
experiments that record tree health in target species. It is important that we understand the stresses a 
tree is suffering while it is alive, rather than wait until it is dead and try to reconstruct its history. 

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

Conclusion 

Climate change is an unprecedented global challenge. There have been many examples of human civilisations 
rising and falling on a local scale through historical time, with the fall often being associated with a localised 
environmental crisis (Diamond 2005). Now, for the first time, we face a global crisis that threatens all human 
societies. While we can and must work at global solutions to reduce and eventually reverse the growth in 
greenhouse gases, we also face an immediate challenge to mitigate the problem within our towns and cities, 
and urban vegetation must be a major contributor to this. Human health and well-being currently loom as the 
major challenge for governments everywhere and climate change will continue to exacerbate this. Even if we 
only take the inward-looking view of climate change as an issue impacting human health, we still face enormous 
hurdles. Urban vegetation is an effective tool in combatting this and small changes could transport cities like 
Adelaide from a current relatively green and healthy state to desert cities, where lifestyle will be severely 
compromised. Similarly, relatively small changes can bring such cities back from the brink and secure their future 
into the long-term. The choice is stark. 

We urgently require detailed research on appropriate tree species for immediate mass planting. We need to 
investigate where and how to return large patches of vegetation (not just trees) to cities, and we need to 
understand how this ties in with the best work being done in rural Australia to work with the natural 
environment, not against it. If we succeed, we will not only mitigate against the more severe impacts of climate 
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change, but we will provide an environment for future generations that will be part of the solution to the 
greatest problem humanity has faced. 

References  

Brodribb, T. & Cochard, H. 2009. Hydraulic failure defines the recovery and point of death in water-stressed 
conifers. Plant Physiology 149, 575-584. 

Diamond, J. 2005. Collapse. Allen Lane, Camberwell. 575p. 

Gleeson, X., Johnson, T., Lee, G., Zhou, Y. and Guan, H., 2022. Enhanced Passive Stormwater Infiltration Improves 
Urban Melia Azedarach Functioning in Dry Season. Frontiers in Climate, p.45.  
https://www.frontiersin.org/articles/10.3389/fclim.2022.783905/full?fbclid=IwAR0a4WizrBNATqJYO-
JxrjrSsvFBlN_lUgmf1VIg3xlqhrEwn6gfqBUS1Nk   

Groom, P.K., Lamont, B.B., Leighton, S., Leighton, P. & Burrows, C. 2004. Heat damage in sclerophylls is 
influenced by their leaf properties and plant environment. Ecoscience 11, 94-101. 

Leake, S. and Haege, E., 2014. Soils for landscape development: selection, specification and validation. CSIRO 
Publishing, Collingwood, Victoria, Australia. 

Lípová, L., Krchnák, P, Komenda, J. & Ilík, P. 2010. Heat-induced disassembly and degradation of chlorophyll-
containing protein complexes in vivo. Biochimica et Biophysica Acta 1797, 63-70. 

Massey, C. 2017. Call of the Reed Warbler. University of Queensland Press, St Lucia. 569p. 

McDowell, N., Pockman, W.T., Allen, C.D., Breshears, D.D., Cobb, N., Kolb, T., Plaut, J., Sperry, J., West, A., 
Williams, D.G. & Yepez, E.A. 2008. Mechanisms of plant survival and mortality during drought: why do 
some plants survive while others succumb to drought? New Phytologist 178, 719-739. 

Ruehr, N.K., Grote, R., Mayr, S. & Arneth, A. 2019. Beyond the extreme: recovery of carbon and water relations 
in woody plants following heat and drought stress. Tree Physiology 39, 1285-1299. 

Sade, N., Gebremedhin, A. & Moshelion, M. 2012. Risk-taking plants. Plant Signaling & Behavior 7, 767-770. 

Sinclair, R. 1980. Water potential and stomatal conductance of three Eucalyptus species in the Mount Lofty 
Ranges, South Australia: Responses to summer drought. Australian Journal of Botany 28, 499-510. 

Teskey, R., Wertin, T., Bauweraerts, I., Ameye, M., McGuire, M.A. & Steppe, K. 2015. Responses of tree species 
to heat waves and extreme heat events. Plant, Cell & Environment 38, 1699-1712. 

Thom, JK, Livesley, SJ, Fletcher, TD, Farrell, C, Arndt, SK, Konarska, J & Szota, C 2022, ‘Selecting tree species with 
high transpiration and drought avoidance to optimise runoff reduction in passive irrigation systems’, The 
Science of the Total Environment, vol. 812, pp. 151466–151466. 

 



The 23rd National Street Tree Symposium 2022 

17 

 

 

URBAN MICROBIOME RESTORATION 
 

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

 

Abstract   

Humans are ecosystems where microbes – the human microbiome – provide functions and services. These 
services include production of vitamins and immunoregulatory short-chain fatty acids, pathogen resistance, and 
increased digestion and detoxification capacity. Our human ecosystem gets its integrity from the quality of the 
foods we eat and the health of the wider ecosystems that we live in and walk through, collecting and nourishing 
our microbes as we go. The state of this relationship governs much of human health. Many increasingly common 
noncommunicable diseases in urban populations are linked to degraded human and environmental 
microbiomes. Microorganisms are central to environmental and public health through their roles in 
biogeochemistry and immunoregulation. Urbanisation has led to disruptive changes to microbiota, both 
environmental and human; however, urban ecological restoration can help bring them back. Heywood Park in 
Unley Park, South Australia, has undergone small-scale ecological restoration through planting native 
understorey species in a patchwork beneath mature trees at different times over the past two decades, to 
improve amenity and tree health. This progressive, piecewise understorey planting has provided microbiome 
habitats at different stages of restoration from their previous state as irrigated turf. This study investigated 
whether soil microbiota differed between the different landscape treatments and ages, to inform whether 
companion plantings around remnant trees in Heywood Park have restored soil microbiota. Marker gene 
sequencing was used to compare soil bacteria and fungi in several areas of the park with long-established 
companion planting, younger companion plantings of staggered ages, wooded areas with no-companion 
planting, and turf grass areas. Results showed that mulched areas with companion plantings had healthier soil 
microbiomes than other areas. Soil pH, organic carbon, and effective cation exchange capacity were associated 
with differences in the microbiome. Time elapsed since mulching and companion planting also influenced soil 
microbiome assemblage.  

Introduction 

Urban development has progressively removed remnant vegetation that was managed by Indigenous peoples 
in pre-colonial times. Subsequently, indigenous plant and animal diversity has declined and biogeochemical, 
hydrological, and ecological processes have been interrupted (Theodorou 2022). Indigenous biodiversity, 
ecological processes and indigenous management practices supported soil microbial communities which play 
crucial roles in nutrient cycling and human, plant and environmental health.  

Plant species exude compounds from their roots that nourish specific assemblages of microbiota – communities 
of microorganisms (Rosado et al. 2018). In return, these microbiota provide the roots with nutrients and disease 
protection. A dominant tree may support an understory assemblage that helps to create the soil conditions 
appropriate for beneficial microbiota to thrive and support the health of that whole plant community, including 
the dominant tree. As understory was removed from beneath trees to make way for turf grass for amenity and 
recreation, the soil health declined as did that of the remnant trees. The deterioration of soil microbial 
communities has not only been harmful to now isolated remnant trees, but to the health of human populations 
as well (Mills et al. 2019).  

Within the Greater Adelaide area of South Australia, both rural and urban areas have shown recovery of soil 
microbial communities after ecological revegetation efforts (Gellie et al. 2017; Mills et al. 2020). Remnant tree 
health has also proved to benefit from such revegetation projects. Perhaps most interesting is that children 
exposed to restored urban green spaces, including in one study in Adelaide, have shown improvement in 
immune markers and recovery of skin and gut microbiota relative to unexposed children (Roslund et al. 2020; 
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Roslund et al. 2021; Mills et al. 2022). The important benefits of restoration of biodiversity and vegetation 
stratum for soil microbiota, remnant tree and public health are becoming ever clearer. 

The original Grey box/South Australian blue gum (Eucalyptus microcarpa/Eucalyptus leucoxylon) woodland 
which covered the area to the south of Adelaide prior to European invasion and colonisation was so dense that 
they named it ‘The Black Forest’ (Kraehenbuehl 1996). Much of The Black Forest’s biodiversity was subsequently 
lost through land clearing, farming, and development during the 19th century. A portion of The Black Forest in 
private ownership retained some tree and understorey species into the 20th century; this was purchased by the 
local authority in 1920 and dedicated as Heywood Park.  

Heywood Park occupies 3.3 hectares of the traditional lands of the Kaurna people, or Kaurna Meyunna Yerta. 
Brown Hill Creek flows through the western edge of the park. The creek provided a reliable water source and 
sustained the woodland vegetation including River red gum (Eucalyptus camaldulensis), a widespread riparian 
species of substantial utility to the Aboriginal custodians. Irrigated turf planted for amenity and to support 
recreation competed with indigenous ground layer plant species, resulting in unheeded calls in the late 1970s 
to protect and rehabilitate areas of native understorey (Kraehenbuehl 1996).  

As is common with mature trees when their environment changes, aged Grey box and South Australian blue 
gums in Heywood Park’s turf areas slowly deteriorated. Deteriorating tree health and potential for branch failure 
in some of the large trees fueled increasing pressure for tree protection and understorey restoration from 
conservationists (CCSA 2004) and led to an area surrounding some of the park’s remnant Grey box trees being 
fenced, mulched, and planted with native shrub and ground layer species in 2005 to help to restore tree health 
and to manage risk. Following community acceptance of understorey restoration, over time further areas were 
subsequently mulched and planted.  

The City of Unley’s progressive roll-out of mulching and understorey planting across different parts of Heywood 
Park, over nearly two decades, established the environment which enabled this study. The study assessed fungal 
and bacterial diversity and abundance in soil samples, to determine whether the soil microbiota differed in the 
park’s different landscape treatments.  

Methods 

The study was conducted in Heywood Park, in the suburb of Unley Park, in South Australia (34°57'40.4"S 
138°36'02.5"E). This study assessed soil bacterial and fungal communities associated with native companion 
plantings in woodchip mulch around old Grey box (Eucalyptus microcarpa) and South Australian blue gum 
(Eucalyptus leucoxylon ssp. leucoxylon) trees. Microbial diversity and abundance in areas with younger 
companion plantings were also assessed and compared with areas of turf, River red gums (Eucalyptus 
camaldulensis) without companion plantings, and with the older companion planting.  

Soils were sampled from four different landscape treatment types within Heywood Park on the 15th of March 
2022 (Figure 1). A total of 24 soil samples were taken, each from 0-10 cm deep. The sample types were: 
companion plantings (CP, 3 independent areas with 3 replicates each, 9 total samples), old fenced companion 
planting (FC, 1 area with 3 replicates, 3 total samples), trees with no companion plantings (NC, 2 areas with 3 
replicates each, 6 total samples), and turf (T, 2 areas with 3 replicates each, 6 total samples). 

Each sample site had one sample taken for microbiome analysis and one for physicochemical analysis. Samples 
for microbiome analysis were collected with sterilised equipment in sterile 50 mL centrifuge tubes and sent to 
the Australian Genome Research Facility (AGRF) for analysis. Samples for physicochemical analysis were 
collected in zip-lock bags supplied by the Australian Precision Ag Laboratory (APAL) which also conducted the 
analysis. 

At the AGRF’s laboratory DNA was extracted from the soil samples using the DNeasy PowerSoil Pro Kit (QIAGEN). 
One extraction blank control was used. Polymerase chain reaction (PCR) amplification and sequencing of all 
samples were done by the AGRF. Further details of the methods used will shortly be published elsewhere. 

Prior to statistical analysis of both bacterial and fungal datasets, amplicon sequence variants (ASVs) were 
removed if they were unassigned at Kingdom, assigned as Archaea, Mitochondria or Chloroplast, were not 
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prevalent in at least two samples, or had less than 10 sequence reads across all samples. Microbial taxonomic 
units in this study were ASVs.  

Alpha diversity was measured as observed ASV diversity, Shannon’s ASV diversity and Simpson’s ASV diversity. 
Shannon and Simpson diversity indices were converted to effective species number by taking the exponent of 
Shannon’s values and the inverse of Simpson’s values. Generalised Linear Mixed Models with negative binomial 
distributions were used to model differences in alpha diversity between ‘sample types’ and ‘sites’, with sites as 
a random variable. Beta diversity of bacterial and fungal ASV communities was analysed using Bray-Curtis 
(abundance weighted) and Jaccard (abundance unweighted) distance matrices in Constrained Analysis of 
Principal Coordinates (CAP). The physicochemical variables were used to constrain the microbial samples. 
Differences between microbial communities of the sample types and sites were tested with permanova. 
Differential abundance testing of ASVs significantly varying in abundance by sample type was done with DESEQ2. 
The top 40 differentially abundant taxa by sample type were visualised with heatmaps. 

 
Figure 1. Images of vegetation associations from which soil samples were collected: 

Left, top: FC1, fenced, 17 yr old mulch & planting around remnant Grey box 
Left, 2nd from top: CP1, 17 yr old mulch & planting around remnant Grey box 
Left, 2nd from bottom: CP2, 7 yr old mulch & planting near River red gum & SA blue gum 
Left, bottom:CP3, mulched & young planting area near River red gum and Spotted gum (Corymbia maculata) 
Right, top: T1, turf area, no mulch, no companion planting or trees 
Right, 2nd from top: T2, turf area, no mulch, no companion planting or trees 
Right, 2nd from bottom: NC1, young mulched area near River red gum, no planting 
Right, bottom: NC2, young mulched area around mature River red gums, no planting 
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Results 

Soil Physicochemical Properties  

Soil physiochemical properties differed between landscape treatments. FC and CP1 samples had high sand 
content, high organic carbon content, and high Ca:Mg ratio. NC1 samples had higher silt content and higher 
salinity. Turf samples had higher pH, higher clay content, and higher exchangeable cation ratio.  

Bacteria  

Bacterial alpha diversity was not different between sample sites or between any landscape treatments. 
Differences were observed in bacterial beta diversity between turf areas and the other treatments, most likely 
due to unnatural management regimes including chemical fertilisers and past irrigation with potable mains 
water prior to the more recent use of reclaimed water. In both the Bray-Curtis (abundance weighted) and 
Jaccard (binary presence) constrained analyses the turf grass communities were different from the rest of the 
samples. The non-turf samples also differed; they formed two distinct groups. One group was the FC1 and CP1 
areas that represent the oldest companion plantings; these were most strongly associated with soil organic 
carbon, sand, and nitrogen species. The other group included both no-companion areas (NCx) and the CP3 area 
that represented the youngest companion planting. The CP2 samples straddled both groups, suggesting that 
restoration of bacterial diversity and abundance is related to the age of the companion planting and that the 
CP2 area (with an intermediate community between CP1 and CP3) is transitioning from a soil bacterial 
community associated with absence of companion planting to a community more typically associated with 
mature diverse plantings.  

Soil physicochemical variables most strongly associated with variation in the bacterial communities between 
samples were pH and organic carbon. Higher pH was more characteristic of turf and young companion planting 
(CP3) samples. Organic carbon, which was correlated with the microbially important variable effective cation 
exchange capacity (ECEC), was more characteristic of the more mature companion plantings (FC1 and CP1). 
Nitrogen species (nitrate and ammonium) were also significant to the variation in bacterial communities, and 
these were characteristic of the more mature companion plantings. 

Dominance of bacterial phyla varied between the sample types. The more mature plantings (FC1 and CP1) had 
distinctly more Firmicutes in relative abundance (4.2-11.7 %) than less mature companion plantings (CP2 and 
CP3: 0.8-4.3 %), areas with no companion plantings (0.5-3.5 %), and turf (0.9-1.8 %). Proteobacteria were 
generally higher in relative abundance in sites with companion plantings (15.2-35.2 %) than without (14.0-25.8 
%). The turf grass samples had higher relative abundance of Verrucomicrobia and Nitrospirae (1.7-3.3 % & 0.5-
4.0 %, respectively) than all other sites (0.2-1.3 % & 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 diversity did not differ between treatments for all three measures (observed ASV richness, 
Shannon’s effective number of ASVs, Simpson’s effective number of ASVs). Fungal beta diversity in turf 
communities was different from other sample types for both Bray-Curtis and Jaccard analyses. In the abundance 
weighted Bray-Curtis analysis, FC, CP, and NC samples formed a large cluster with mature Eucalyptus trees being 
the main commonality between them. pH, organic carbon, and nitrate were significant constraining variables to 
both Bray-Curtis and Jaccard beta-diversity analyses. Further, ammonium, magnesium, and the Ca:Mg ratio were 
significant to the Jaccard model. 

Three of these samples with mature Eucalyptus trees were outliers (FC1_2, CP1_2, NC1_1) with nearly 90 % 
relative abundance of Ascomycota, far more dominant than in other samples. Ascomycota generally dominated 
most samples. However, Basidiomycota were dominant in several samples, including all from CP3. Most 
differentially abundant fungi were highly abundant in just one sample, showing that fungal species were not 
characteristic of any particular areas and that their sphere of individual influence was smaller than the space 
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between samples. It was noteworthy that Armillaria luteobubalina, responsible for root-rot in some parts of 
Adelaide, was not identified in these samples. 

Discussion 

The age of the understorey companion plantings appeared to be an important factor for community composition 
of bacteria and fungi in the Heywood Park samples. The communities in the older planting, CP1, were quite 
separated from the youngest planting in CP3, with those of CP2 spanning the space between them in the 
constrained ordinations. Previous studies in the Adelaide area have found there to be a multi-year time lag in 
soil community development between time of planting and reaching a reference community state (Gellie et al. 
2017; Baruch et al. 2020). That is likely the successional process at play here as there was no intervention by 
inoculation. While there is no remnant reference for these samples, there is a stronger similarity with FC1, the 
oldest companion planting, to the older CP1 than the younger CP2 and CP3 plantings. 

The bacterial and fungal communities of older FC1 and CP1 plantings were both strongly linked to higher organic 
carbon soil loads than other sites, a variable that was a significant predictor in the models. Organic carbon is 
important as a food source for microbiota and is generally associated with greater water holding capacity. 
Furthermore, organic carbon in these samples was collinear (i.e., strong positive correlation) with effective 
cation exchange capacity, a soil variable identified in an Australia wide study as being inversely associated with 
infectious and parasitic disease risk in humans (Liddicoat et al. 2018). 

The relative abundance of Firmicutes was higher in the older FC1 and CP1 plantings relative to other areas. This 
finding is at odds with a previous study from the Mt Bold Reservoir near Adelaide, where older Eucalyptus 
leucoxylon dominated restoration sites had relatively fewer Firmicutes than younger sites (Gellie et al. 2017). 
However, in agricultural contexts, higher relative abundance of Firmicutes has been associated with disease 
suppressive soil (Lee et al. 2021). Firmicutes, as a broad group of taxa representing a broad range of functions, 
likely need to exist in a ‘goldilocks’ zone of dominance, where over or under representation could lead to poorer 
soil function.  

Proteobacteria were slightly lower in relative abundance in unplanted mulch (NC) and in turf soil samples than 
in samples from sites with companion planting. Proteobacteria are heavily involved in carbon, nitrogen, and 
sulphur cycling (Kersters et al. 2006), and their relative abundances in this study coincided with higher levels of 
organic carbon and nitrogen species. Proteobacteria are also important in the nexus between environmental 
microbiomes and improved human immune function (Hanski et al. 2012; Roslund et al. 2020). 

The Ascomycota dominated the fungal community in most samples. Ascomycota dominance is common in soils 
the world over (Egidi et al. 2019); however, there were several instances when the Basidiomycota were most 
dominant in this study. One study from China found that increased Basidiomycota relative to Ascomycota was 
indicative of degraded soils (Qi et al. 2021). The Basidiomycota-dominated samples were spread across all 
sample types, including all CP3 samples, perhaps indicating that urban soils maintain pockets of degradation 
even after restoration. 

Ecological benefits additional to recovering soil microbiomes and human health are also significant and can add 
further value to soil health restoration, including contributing to the conservation of locally endangered species 
(plant and animal) and educating the public about these. Indigenous plant species support indigenous 
pollinators, and can reduce chemical fertiliser requirements, pesticides, and emissions associated with turf grass 
maintenance (Townsend-Small & Czimczik 2010). That is not to say that turf grass should be excluded from 
reserves in lieu of biodiverse plantings, as open areas for recreation are socially beneficial and healthy. However, 
a balance of turf with biodiversity such as is being progressively developed at Heywood Park is a healthier option. 
Local government and other land managers should be broadly encouraged to use indigenous understorey 
plantings in association with tree cover in parks and other urban sites, 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 species appear to have generally improved the bacterial and fungal soil 
communities and soil health at Heywood Park. As microbe community maturation can take years after planting, 
with time the microbiome communities in the most recently planted areas may reflect the communities present 
at the older fenced and planted site more closely. Benefits of planting and mulching identified at Heywood Park, 
specifically the increased relative abundance of Firmicutes, higher effective cation exchange capacity, and higher 
levels of Proteobacteria, are all associated with improved human health and wellbeing. The City of Unley is to 
be congratulated on the ecological restoration work at the park, for its potential benefit to human health and 
wellbeing and to environmental health.   
Expanding the planting of indigenous understorey species and incorporating well-planned experiments is 
encouraged to further inform this developing field of investigation. Companion planting studies with networked 
and embedded experiments built into working demonstrations could be used to track the ecological outcomes. 
Replicating and staggering plantings could allow for rigorous ecological monitoring of microbiota, to support 
threatened species recovery and pollinator services, and to encourage more projects for urban ecological 
recovery. Such experimentation would provide an evidence base to inform increasingly effective restoration, 
conservation, and preventative health measures. Such experimentation could investigate whether 
biogeochemical cycling can recover in urban areas and whether widespread biodiverse planting can influence 
the human microbiome and immune system at the suburb, local government, and whole-of-city scale. 

The City of Unley and councils nationally can drive urban ecological restoration further for environmental and 
human benefit. The growing evidence of public health benefits is encouraging. Areas with under-used green 
space could not only increase tree canopy cover but also restore the urban microbiome. Local, state and territory 
governments can progress this preventative health approach on parks, greenways, streets and road corridors, 
at schools, and in gardens at major facilities that are accessed by large groups of people. Such a program could 
have health benefits coupled with important ecological and nature education opportunities. Governments that 
combine urban ecological restoration with embedded experimentation will be seen as innovative global leaders 
in public and environmental health. 
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Abstract  

The rapid expansion of Australian cities presents planning challenges as there are demands to subdivide 
undeveloped land for housing countered by demands for connected public open space (POS). The lowest socio-
economic status (SES) sectors of our society have the poorest access to connected treed greenspace but are the 
group that needs it most. This paper defines connectivity in relation to its function and estimates the unimpeded 
connected POS required for recreational purposes on foot, wheelchair, skateboard, scooter, rollerblades or 
bicycle. It considers the rise in the use of greenspace during covid-19 lockdowns and lessons that might be drawn 
for valuing treed greenspace as climate changes. Connectivity was measured as the unimpeded distance 
travelled without retracing the course in the same direction. Distances required ranged from 0.5-20km. 
Providing connected POS requires careful planning and insight to minimise costs and maximise use and benefits. 

Introduction 

In 2017 I was invited to a forum that was discussing the planning needs of Greater Melbourne for 2050 and 
beyond. It was intended that my interest and contribution, if any, would be on urban trees and so it was. 
However, I was only too aware that urban trees and the urban forest depend on the availability of public open 
space (POS) and as trees are so large, I was interested in pursuing what I considered to be well-planned and 
connected treed greenspace which could meet a diversity of environmental and societal needs. It was a large 
gathering and time for discussion of topics was brief. From my perspective things heated up when a planner 
commented that the connectivity of POS in the west of the city was “pretty good” and that they had “made good 
progress.” Much to the surprise of the planner, I immediately and strongly disagreed. I considered the 
connectivity of the greenspaces to be quite poor, to which she replied that there was plenty of connectivity 
within and over 500m. I laughed and replied that 500m wasn’t really connected POS at all..... and we agreed to 
differ. 

I realised that while the term connectivity is commonly used in urban planning research and discussion, there 
appeared to be a lack of clarity in its meaning. The concept of connectivity when linked to those of accessibility 
and proximity can lead to confusion as happened in this discussion. My response to the discussion was to do 
some research and publish a paper (Moore 2020a) that examined some aspects of the meaning and 
measurement of connectivity in POS which itself is described differently in various parts of the world (Table 1). 
The research was precipitated by the circumstances of the planning discussion and this conference paper 
contains extracts from this larger paper, additional data and new discussion. 

In many Australian cities, some suburbs have a long history of urban development and the capacity for creating 
new POS is limited, but cities are growing in population and expanding rapidly and opportunities still exist for 
creating and connecting POS. In many cities, the most impoverished sectors of society, typically of lower socio-
economic status (SES), are the most disadvantaged in their access to and use of POS, which in turn is associated 
with obesity, poor physical and mental health and social disadvantage (Gies 2006; Maas et al. 2006; DHHS 2015; 
Butler 2016; Braubach et al. 2017; Lamb et al. 2019). This problem is not unique to Australia, it occurs in many 
parts of the world despite evidence that greater health benefits accrue to lower SES communities from the 
provision and use of POS which can be a mechanism for addressing SES related inequality (Gies 2006; Braubach 
et al. 2017). Australian suburbs with lower POS and lower SES have lower household incomes, shorter resident 
life spans and higher rates of diseases related to high blood pressure, heart health and type-2 diabetes, which 
link to a lack of physical activity and reduced recreation rates compared to populations in other parts of a city 
(DHHS 2015; Astell-Burt and Feng 2016). 
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Not all POS is green space, but treed green POS is often more highly valued by users (Braubach et al. 2017; Lamb 
et al. 2019) and in many communities, publicly owned space is more highly valued than privately owned open 
space (McConnell and Walls 2005). Treed greenspace also has the advantage of increased biodiversity, which in 
turn increases the benefits to users (Moore 2020b). In planning for expanding Australian cities, there is a 
commitment to accessibility and connectivity in urban planning processes, but there are disconcerting 
differences in the use of the terminology and its meaning (Saelens et al. 2003; Dill 2004; Brander and Koetse 
2011; Wang et 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 different parts of the world 

Country/State Definition of Public Open Space (POS) Source 
United Kingdom �x public gardens 

�x land used for the purposes of public recreation 
�x land of disused burial grounds 

Town and Country 
Planning Act 1990 

United States of 
America 

�x land in public ownership zoned for open space 
�x land which would conserve and enhance natural 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 reservations 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 than 

one acre situated in an urban area and open to public use by 
the granting authority 

US legal 2019 

Victoria, Australia land in public ownership and/or under public management that 
provides recreation and leisure benefits 

DELWP 2015 

 

The large well-treed public parks at the centre of many major cities of the world provide sufficient POS for 
diverse passive and active recreation. They showcase POS, giving the impression, especially to tourists, of a green 
and leafy city, but on a regular basis they are only accessible to those who live close by. They are so large that 
they do not need to be connected to other POS. However, connected POS over longer linear distance provides 
increased proximity and greater accessibility to the space and opportunities for a more diverse range of 
activities. Proximity to open space influences its use and the recreational, health and other benefits that people 
can derive from using the space (Giles-Corti et al. 2005; Cohen et al. 2007; Astell-Burt and Feng 2016). Proximity 
is nearness in space and it can be quantified by a linear measurement of the closeness of a site to POS – it is not 
to be confused with connectivity. 

There is considerable research on aspects of proximity, accessibility and connectivity to POS showing that they 
are related and interconnected (Moore 2020a). Users of connected space are aware of its connectivity and the 
perception of a more extensive connected open space contributes to the user’s satisfaction with the space, 
increasing both the frequency and extent of use (Wang et al. 2013; Mehta 2014). How we measure influences 
human perception and understanding of distance (Tischendorf and Fahrig 2000). The unit of measurement for 
proximity to POS should be the metre, as it indicates that access to POS should be over a relatively short distance. 
The unit of measurement for connectivity of POS should be the kilometre as it conveys the need for an extended 
and interconnected space. 

This paper focuses upon the physical connectivity of POS, particularly of treed parks, gardens, linear parks along 
rivers and streams and remnant forests, and its role in recreation. The word connectivity is used to provide a 
measure of uninterrupted and unimpeded connected POS for travel by foot, skateboard, scooter, roller blades 
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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 be travelled without retracing the 
course in the same direction. The paper considers the needs of people using POS for recreation and the demands 
that such use places upon a more extensive and uninterrupted connected POS than often currently exists. 
Connectivity is defined by specific functions and the length of connected POS needed to fulfil those functions 
was measured. This approach may aid planners in anticipating the needs of future generations for connected, 
functional POS rather than having to adopt expensive retro-fitted connections. Finally, the paper examines the 
impact of covid-19 lockdowns on a connected POS. 

 

Figure 1. Part of the “Emerald necklace” park system consisting of a 1,100 acre (450 ha) chain of linked parks 
and waterways in Boston, USA designed by Frederick Law Olmsted, who conceived it as a linear park of 
walking paths along a gentle stream. There are opportunities for cutting short longer walks if needed. There 
is excellent connectivity under this bridge. In other places, roads and low bridges obstruct the connectivity of 
this POS. 

Method 

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

Walking: 20 people were timed walking distances from 2-5 km in Brimbank Park situated in Keilor, west of 
Melbourne. All were adults, with an even mix of genders and most came from the western region of Melbourne. 
While speed varied, the average was just under 5 kmhr-1, rounded to 5 kmhr-1. Participants were asked how long 
they intended to walk or what distance they wanted to cover and whether they had a preferred surface for 
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walking. Most walkers suggested a time but a couple suggested distances. The most common durations 
nominated were 0.5 or 1.0 hour and distances were from 2-5 km. These data allowed calculation of the minimum 
connected space required for a walk without retracing the course. The same questions were put to 20 parents 
walking with infants and toddlers under two years of age. Parents taking babies for a walk or a sleep in 
prams/strollers were often looking at a period of activity of between 1.0 and 1.5 hours rather than distance. 
They were generally walking at 4kmhr-1 and preferred an option of cutting the circuit short if necessary. Walking 
with toddlers was a more difficult calculation but walking speed was approximately halved. 

Running: 30 participants were asked the same questions as the walkers about time, distance and preferred 
surface. All were registered with the Victorian State Athletics Association and their abilities ranged from near 
elite to an average regular running level. The times and distances varied according to their competition interests 
and training requirements. 30 were sought because of a wider range of speeds. For non-elite runners, the pace 
may be time and distance dependent with the longer and further the distance, the slower the speed and an 
average pace of 10 kmhr-1 was utilised in this study. 

Cycling: The variations in cycling for distance and duration are great and many cyclists prefer roads and trails 
but recreational level cycling needs were modelled. Distances of 20-40 km were nominated by 30 recreational 
cyclists at a pace of 20 kmhr-1 which would be a safe average speed of travel but some suggested a faster pace 
and so 30 kmhr-1 was also modelled. No competitive cyclists were surveyed. 

Skateboarding/Scooters/Roller blades: The ranges of speeds for commuting, recreational and speed focused 
skateboarders, scooters and roller bladers were wide but typically scooter speeds were up to three times faster 
than walking. The estimates of speed for everyday, as opposed to elite or competitive users of skateboards, 
scooters and roller blades, ranged from 15-30 kmhr-1. 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 transect through Brimbank Park were counted 
prior to, during and after covid-19 lockdowns in Melbourne. Users could enter the linear transect from either 
end but care was taken to ensure that they were counted once only. The numbers were counted over a one 
hour period either on Sunday or a weekday (Tuesday or Wednesday). 

Results 

The average walking pace of 5 kmhr-1meant 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 (Table 2). Walkers with prams and toddlers required a minimum 
circuit of about 4 km, preferably with the option of cutting the circuit short if the need arose. Walkers expressed 
a strong preference for paved over unpaved surfaces, not distinguishing between paved surfaces (Table 3). 

For runners, pace and distance varied (Table 2) but a distance of 5 km or half an hour of running at 10 kmhr1 
requires an out and back circuit of 2.5 km, while for a marathon of 42.2 km, a 30 km training “long run” requires 
a 15 km route (Table 2). Unsolicited, several of the runners requested an accurate 400 m circuit for speed work 
or interval training. The runners had a mixed view of surfaces. Many wanted a paved surface with bitumen 
preferred over concrete, but for those running in excess of 20 km, and particularly those over the age of 50 
years, a level but softer unpaved surface was preferred (Table 3). 

The requirements for cycling are shown in Table 2. The surface preferences of cyclists (Table 3) were for a smooth 
all season path but some preferred an unpaved surface. For skateboarding, scooter use and roller blading, the 
wide range of speeds made it impossible to consider all the permutations. High speed and lower speed scenarios 
over two different distances using a paved surface were modelled (Tables 1 and 2). 

Multiple figure-eight or looped configurations increased the number of different possibilities enormously. The 
general formula for the number of variations that can be obtained from interconnected circuits is 2n, where n is 
the number of loops. For a single circuit there are two variations based on travelling in different (opposite) 
directions, for three loops there are eight and for four loops there are 16 variations possible. 
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Table 2. Length of connected open space required for a range of activities 

ACTIVITY Distance (km) Time (hr) Pace (kmhr-1 ) Required connected 
length (km) 

Walking 2.5 0.5 5 1.25 
5.0 1.0 5 2.5 

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 1.5 4 3.0 

Running Recreational 5.0 0.5 10 2.5 
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 
blading/scooter 

 

15 1.0 15 7.5 
30 2.0 15 15.0 
15 0.5 30 7.5 

 

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

ACTIVITY N Surface preferences (% of users) 
  Smooth Paved Unpaved 
   Bitumen Concrete None  

Walking 20 75 15 15 45 25 
Walking with toddlers 20 100 15 25 60 0 
Walking Pram/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 

blading/ scooter 
20 100 35 35 30 0 

 

Use of POS changed significantly during covid-19 lockdowns in many Australian cities and Melbourne had more 
and longer lockdowns than other cities. Use of POS noticeably increased on all days during lockdowns, but the 
greatest increase was on Saturdays and Sundays (Table 4). The use on one Sunday was 21 times higher than pre-
covid-19 lockdown use, while use on weekdays increased by up to 8 times. Post lockdown use declined but 
remained higher than before lockdowns, being over double pre-covid-19 use. 
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Table 4. Numbers of users along a 3 km transect through Brimbank Park over one hour prior 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 the activities explored in this paper (Table 
2) seem unattainably long, they are required for populations living in cites now and will be needed more in the 
future (Moore 2020a). Covid-19 lockdowns saw use of POS rise dramatically as people needed time away from 
their homes and opportunities for recreation in space that catered for their physical, mental and social 
wellbeing. Use remained high after lockdowns ceased and we have been given an insight into how important 
treed POS will be as climate changes - a glimpse into the future. Recreational and health needs are going to 
increase in the years ahead and the impetus for increased connected open space is likely to be economic – the 
increased health costs of populations where obesity is already a major problem, compounded by the effects of 
an ageing population (Astell-Burt and Feng 2016). The question that immediately arises is, "How can lengthy and 
functional POS connectivity be achieved?" 

The 5 kmhr-1 average pace for walking was consistent with other research and people walk slower with a 
pram/stroller or carrying a young child. For the other activities, there is a wide range of paces and distances with 
skateboarders reaching speeds up to 100 kmhr-1 and typically scooter speeds are three times faster than walking. 
For these and other activities, such as running and cycling, it is likely that the faster you go, the shorter the circuit 
required. Long distance runners and cyclists require longer circuits (Table 2), but fortunately their needs are 
similar - a circuit of between 10-20km. There is a temptation to think that if you meet the longest need for 
connectivity then you automatically meet all needs, but this is not necessarily the case as long, linear loops such 
as those along rivers, freeways and railways need to have crossing points at distances that are appropriate for 
the shorter requirements. 

One of the more obvious ways of providing long and unimpeded connectivity would be to ensure that there is 
access for passive recreation as part of all bridges that span rivers, roads or railways. This can be relatively easily 
and cost-effectively done at the time of construction or renovation but it is difficult and often prohibitively costly 
to do retrospectively. It is far more cost effective to implement connected POS in anticipation of need rather 
than being forced to retro-fit under the pressure of subsequent demand (Figure 2). 

Opportunities to find adequate space to expand and improve the connectivity of POS are usually limited, 
particularly in highly developed older suburbs where land value is at a premium in most Australian cities. We 
must be prepared for changes in modes of transport (Croeser 2021). Autonomous vehicles (AV) and particularly 
electric AVs will bring dramatic change to the way people travel around cities. It is highly likely that such vehicles 
would not necessarily be owned by individuals, but rather offered as a pick-up and drop-off service. If this is the 
way things develop, there would be a need for multiple pick-up and drop-off points, but there would be a 
reduction in the need for individual vehicle parking spaces. 
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Figure 2. An expensive retrofitted  tunnel providing access under a busy suburban road for non-vehicular users. 
The tunnel addressed major user safety concerns, but at very high cost. 

Under this scenario, there would be a very significant drop in the demand for both carpark and roadside parking 
spaces. In most cities the impacts of this will be two-fold. Many local government agencies will suffer a major 
revenue decline, but very significant areas of publicly owned and controlled parking space would be freed for 
other uses. Many of these parking spaces were formerly green and treed POS that were cleared and allocated 
to parking to meet public demand. The land is still POS even if its original green component has long gone. Not 
only will there be considerable space made available for conversion to greenspace and perhaps much-needed 
sporting facilities, but much of it is located in parts of cities where it could be considered for extending the 
connectivity of treed green POS. This presents a once in a century opportunity for extending treed POS in many 
established parts of Australian cities. This chance to plan for properly connected POS that meets societal needs 
now but more importantly well into the future cannot be squandered. It represents an opportunity to improve 
tree numbers and canopy cover on POS at a time when both are declining on private land in many Australian 
cities. With climates changing, it is an opportunity that could make a massive difference to the liveability and 
sustainability of our cities. 

This land has considerable value and already there are parties looking to use these spaces for domestic housing 
and commercial activities. Many of the parking spaces are in prime real estate locations and those already 
lobbying for access are very well connected and resourced. One of the potential uses for car parking spaces is to 
use them for micro-homes and offices that will be built in modules to suit the space available and to utilise 
services already on site or below the road pavement. The micro-homes could be prefabricated like shipping 
containers and may be two or more levels high. Such plans are well advanced, so if connected treed POS and 
greenspace is desired then it must be considered now as delay may lose the opportunity. 

One common and sometimes recurring obstruction to connectivity for some users is steps. These are not a 
barrier to most walkers, but can be to cyclists, runners and skateboarders, roller-bladers and scooters. Over 
recent years, ramps have been incorporated into designs for disabled access and these could afford 
opportunities for runners, cyclists and skateboarders, but frequently the design accommodates a single purpose 
or user group only when with a little more thought, all users could be satisfied. 
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Other limitations to the use of well-connected open spaces can be the absence of basic facilities such as toilets, 
access to drinking water, proper signage and distance markers, which can present as effective barriers to the 
use of the whole connected POS. The presence of shade over summer months can expand both the extent and 
frequency of use of a space (Butler 2016). This places a premium on treed connected POS in summer when 
routes shaded by trees are more frequently used. Sometimes the separation of activities utilising connected 
open space needs to be considered. Unnecessary separation can be costly and shared use and higher usage rates 
can give a greater sense of safety due to the “safety in numbers” phenomenon (Figure 3). For safety, separating 
traffic in key places, such as sharp bends, atop rises, through tunnels and across bridges may be all that is 
required (Moore 2020a). 

The materials from which the paths of POS are made vary depending on climate, soil type, usage and risks such 
as fire or flooding and may either facilitate or act as a barrier to use. Surfaces need to be durable and non-slip, 
but the same surface does not necessarily meet all user needs. A softer material (gravel or granitic sand 
sometimes mixed with site soil) may be preferred by runners as it has a lower impact than concrete or bitumen 
and is less likely to cause leg injuries. Distance runners will travel considerable distances to take their “long run” 
on a softer track and especially if the route is treed and shaded in warmer months. In parks, there are often 
desire-line tracks parallel to paved surfaces made by runners with a view to avoiding the harder surfaces. They 
are testament to the need for walkers and runners to have a softer surface, and to the fact that this need is 
unmet. 

 

Figure 3. An opportunity taken for separating cycle and pedestrian traffic along the trail adjacent to the Yarra 
River in Melbourne. 

In places like waterways or along railway lines, it may be possible to meet both requirements by paving one side 
of the river or tracks and leaving the other unpaved. Connected circuits have the advantage that you can take 
them in different directions. It is amazing how different the user experience can be when the same path is taken 
from the opposite direction. New things are seen, view points are different and there is even a different sense 
of distance travelled. In relation to connected POS along railway lines, the planting of trees to improve amenity, 
provide shade and sequester carbon is often thwarted by engineering demands for clearances and safety, but 
in other parts of the world these transport networks are green corridors with trees growing much closer to 
infrastructure than occurs in many parts of Australia (Figure 4). Perhaps Australians are more risk averse or 
environmental and health concerns matter less, or are 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 reconsidered in light of climate change? 
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Figure 4. The value of shade is seen in increased use and user satisfaction in summer months in warmer parts 
of China. 

Provision of benches for resting at appropriate distances, especially for younger and older users, and in numbers 
suitable for the volume of user traffic will facilitate use (Astell-Burt and Feng 2016). Shading seating with 
appropriate tree plantings will increase summer comfort levels and increase use and user satisfaction. Lighting 
can both extend the time of usage and greatly improve the sense of user safety early in the morning or later into 
the night. Extreme weather events, either seasonal or occasional, need to be considered as flash flooding can 
impose a barrier to connected POS and pose danger, especially to children. Drainage that prevents flooding and 
improves user safety is often a necessity. The possibility of fires occurring in connected POS must be considered 
for user safety and as a potential risk of fire spreading from the POS and posing a hazard to life and property. 

Conclusion 

In many other disciplines, connectivity is a term that is clearly defined and used with a metric. For recreational 
POS, connectivity should refer to linear distance that is unimpeded or unobstructed, measured as linear 
kilometres, and long circuits of up to 20 km are required to meet user needs. In urban planning, a key objective 
of POS should be improved and extensive connectivity for specific purposes for future generations of city 
dwellers. Planning must aim to achieve the maximum possible connectivity for new urban works and when 
renovating old infrastructure where connectivity was not previously considered. 

For future generations, the health needs of urban populations are going to be major drivers of urban design and 
planning. The capacity for increased and meaningful active and passive recreation over long distances will be 
the hallmarks of sustainable and liveable cities. Appropriately long circuits of connected POS are going to be 
essential urban infrastructure under conditions of increased urban population density and climate change, not 
as a luxury for a privileged minority but as a vital component of a sustainable economy for the majority and a 
right of all citizens. Connectivity of POS is not an option, it is 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 south-west of Western Australia has been affected by the impacts of climate change including increased 
temperatures and declining rainfall and runoff into dams. These impacts are likely to continue into the future, 
together with the possibility of more frequent, high intensity rainfall events. The application of water sensitive 
urban design and water sensitive city principles is being increasingly recognized for its ability to moderate urban 
heat island effects and deliver more liveable urban environments that incorporate green infrastructure. This 
paper shares some of the approaches to water sensitive urban design that support the creation of green 
infrastructure in Western Australia, including some of the tools and practices that are supporting improved 
outcomes and fostering increased adoption. 

Introduction 

The Perth and Peel region continues to experience high levels of population growth. Current housing 
construction practices usually involve the complete clearing of sites and very limited re-establishment of tree 
canopy. This practice is generally the same for both large-scale greenfield development and medium density 
infill development. The continuation of this form of business-as-usual development is therefore likely to lead to 
the creation of hot, dry landscapes with poor amenity which will lead to a further decline in community and 
environmental health.  

This conclusion is supported by recent research conducted by the Cooperative Research Centre for Water 
Sensitive Cities (CRCWSC) and the Western Australian Planning Commission which determined that ‘without 
significant intervention, 'business as usual' redevelopment will have a considerable negative influence on urban 
hydrology, resource efficiency, urban heat, liveability and amenity’ (London et al. 2020). The financial cost of 
these effects is high; for every new medium density infill development dwelling there is an additional cost of 
$1,460 per year to the wider community due to sub-optimal outcomes, which equates to a $29,200 capitalised 
cost (SGS, 2020). 

The term ‘water-sensitive urban design’ (WSUD) was coined in Perth, WA, in the early 1990s by a collective of 
engineers, environmental planners and landscape architects concerned with improving urban stormwater 
management (Argue et al. 2013). It is a contemporary planning and design approach to managing the urban 
water cycle through integration into the natural landscape. It incorporates the sustainable management and 
integration of stormwater, groundwater, wastewater and water supply into the built form to achieve water and 
environmental outcomes as well as aesthetic, liveability, and urban cooling outcomes (Public Transport 
Authority et al. 2020). 

The application of WSUD to create water sensitive cities has been a requirement of development in Western 
Australia since 2006. While there have been a number of issues with the adoption and implementation of WSUD 
solutions, the approach is being increasingly supported by the development industry to underpin the creation 
of green, liveable communities. 

Discussion 

A number of state and local government agencies and members of the development industry were active 
participants in the research of the CRCWSC and formed a community of practice dedicated to the creation of 
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water sensitive cities across the state. Some of the key learnings from this program of research included 
identification of the principles of practice that were the most effective and/or had greatest resonance with 
industry and were therefore effective implementation/delivery tools. Those that had greatest relevance to the 
delivery of green infrastructure included: 

�x Understanding how water influences urban form  
�x Creating multi-functional places that support recreation, environmental and social values while 

providing critical flood protection and water quality functions 
�x Facilitating passive irrigation of street trees with stormwater 
�x Recognising the cooling benefits of water in the landscape 
�x Using support provided by policy and guidelines 
�x Project delivery through collaboration which includes asset managers 

With particular focus on the delivery of green infrastructure each principle is described briefly below. 

1. Understanding  how water influences urban form  

The natural movement of water across a low-gradient landscape is to meander. This is often at cross purposes 
with current design and engineering practices which are proposed to support efficient provision of infrastructure 
and movement patterns. Guidance for the creation of water sensitive streetscapes that incorporate areas for 
infiltration and vegetation was released nearly 30 years ago. Although this intent has been incorporated into 
current planning policy and guidelines, its delivery is at odds with contemporary urban design practices which 
are to create flat, regular shaped blocks to support the form of housing construction occurring in Perth (usually 
double brick and tile on a concrete slab). This reduces the opportunity to celebrate water in the urban landscape 
and supports drainage in piped networks rather than in natural, curved road layouts or meandering streetscapes. 
The ability to retain vegetation and mature trees is also reduced as a result of the “cut to fill” earthworks 
practices that are applied in order to create flat allotments. This effect has been further exacerbated by a policy 
decision which allowed a reduction in verge widths to 4.5m, reducing the opportunity to plant trees in 
streetscapes. There is now a push from the planning fraternity to increase verge widths to provide enough space 
for urban greening, amenity and urban cooling. 

       
Figure 1. Conventional and water sensitive road layouts and streetscapes (from Wheelans et 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 important that its use is maximised through smart design to 
accommodate a range of functions that can occur at different times. The creation of multiple-use corridors and 
public open spaces that effectively manage stormwater is now occurring widely, particularly in greenfield 
development areas across Perth and Peel. These spaces are designed so that frequent rainfall events are 
managed high in the catchment (preferentially on lots and in streets) in vegetated areas that deliver water 
quality benefits, while infrequent, larger flood events are accommodated in ovals or other areas that are used 
for recreation for the majority of the time. In addition, as these spaces are often in low points (so the stormwater 
can flow there), they can provide opportunities to retain vegetation and trees. 

 

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

3. Facilitating  passive irrigation of street trees with stormwater  

The usual Perth practice of building large, single residential houses on rectangular 300-500m2 blocks leaves 
limited room for gardens or trees. Accordingly, the streetscape is increasingly being seen as the only opportunity 
for greening and urban cooling.  

Application of water sensitive urban design in streets provides an opportunity to enhance tree health from 
passive watering. This requires the street drainage systems to be designed so that stormwater will run along the 
streets and into tree pits or raingardens where it provides a source of water for the plants, and any pollutants 
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 cells to provide a frame for construction of 
road infrastructure that is then filled with uncompacted soil which promotes tree growth. These cells can also 
assist in managing large volumes of stormwater and enhancing groundwater recharge. The benefits of passive 
irrigation have been reported by the CRCWSC and are shown in figure 3.  

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

The sixth assessment reports released by the Intergovernmental Panel on Climate Change (IPCC) (Climate 
Change 2021, 2022a, 2022b) highlight the critical need for our cities to address urban heat to mitigate impacts 
on the health and wellbeing of the community and the environment. The CRCWSC has documented the cooling 
benefits realised from the application of water sensitive urban design in urban landscapes (see 
https://watersensitivecities.org.au/urban-heat/), 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. The other critical 
role of WSUD is that it increases water availability for vegetation to strengthen the cooling effect of 
vegetation and keep it healthy. For trees and vegetation to provide maximum cooling capacity, it must have 
sufficient access to water to support transpiration and maintain a healthy canopy to provide shade. WSUD 
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 precinct under heatwave conditions was 2 
to 4 degrees centigrade cooler than a conventional precinct (figure 4), with most benefit arising from increased 
permeable surfaces, trees and vegetation, and irrigated open spaces (London et al. 2020). 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 4. Modelled human thermal comfort temperatures resulting from conventional urban design (left) and 
cooler temperatures of WSUD and green infrastructure (from London et al. 2020) 

5. Using support provided by policy and guidelines  

The requirement for planning proposals to address water resources and incorporate water sensitive urban 
design approaches was introduced in WA in 2008 through the gazettal of State Planning Policy 2.9: Water 
Resources (WAPC, 2008). A review of the implementation of this policy was undertaken by the Department for 
Planning, Lands and Heritage in 2019, leading to the release of a revised policy for public comment in 2021. The 
draft State Planning Policy 2.9: Planning for Water (WAPC, 2021) now requires that “Planning and development 
enhances amenity and sense of place associated with water resources, which in turn protects public health and 
increases resilience of the community.” The application of these policies is supported by guidelines which outline 
how water resources should be addressed at each stage of the planning and development approvals process. 

The creation of green infrastructure to deliver amenity is further supported by the design principles contained 
in State Planning Policy 7.0: Design of the Built Environment (2019) and the related guidelines which require 
deep soil zones and implementation of water sensitive urban design. It is noted, however, that the lack of specific 
criteria for green infrastructure, particularly for trees in streets, can result in a focus on delivering other criteria 
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that have been long established, such as the standard stormwater management criteria set out in the Decision 
Process for Stormwater Management in Western Australia (DWER, 2017). 

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

The management of water resources is the shared responsibility of landowners/proponents, government, 
service providers, industry and the community (WAPC, 2021). Accordingly, it is critical that the full range of 
disciplines involved in designing, constructing and maintaining our urban landscapes are engaged as part of the 
design process. This will ensure that competing perspectives are understood and outcomes can be optimised 
rather than compromised. It is also vitally important that the eventual asset manager, usually the local 
government parks or natural areas team, supports the strategies that are being proposed and that consideration 
has been given to the ongoing maintenance requirements of the proposed landscapes. This can be achieved 
through establishing early collective agreement on the vision for the site and demonstration of how this is 
achieved at each stage of decision-making. 

Conclusion 

Early attempts to gain support for WSUD focused on the management of stormwater and flooding, delivering 
water efficiency and providing appropriate water and wastewater services. Recent awareness of climate change 
and the value of trees and other vegetation in the urban landscape has provided a more powerful platform for 
the delivery of WSUD including a focus on green infrastructure, particularly in our streetscapes. This 
contemporary focus requires multi-disciplinary thought, collaboration and application to ensure water 
management strategies support delivery of improved climate, ecological, social and economic outcomes, rather 
than just meeting the standard stormwater management (water quantity and quality) criteria. 
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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 Unley had 574 hectares (ha) of tree canopy cover in 2000 after having lost 8 ha per year on average 
in the ten years to 2018. Canopy cover dropped from 34% to 26.6%. The 2018-22 Elected Members responded 
by accelerating tree planting on Council land to achieve 2 ha per year. National prize-winning IT work enabled 
Unley to involve and inform citizens and property owners of the tree canopy cover on their property. Along with 
traditional giveaways, educational programs and financial help to owners of very large trees, the annual loss of 
trees on private property has been reduced by another 2 ha. Today Council has just 400 ha remaining. The 
information derived from Council’s LiDAR data has pinpointed the problem and solutions. The 2022-26 Council 
working with the Government of South Australia’s Minister for Planning has the information required to enable 
Unley to achieve the State Government’s 31% target. This will enable Unley to remain liveable in a time of rising 
temperatures. Without action, the 50°C temperatures experienced 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 on private property. The trial requires the 
approval of the South Australian Government. Whilst preserving and providing incentives to grow trees, the 
initiative does so without restricting development within Unley. Council has sought the Minister for Planning’s 
approval to engage in public consultation with citizens and property owners in Unley about introducing a scheme 
that would ensure new developments either retain and preserve a minimum of 15% tree canopy or contribute 
to a land offset fund to support Council’s purchase of land to plant trees. Our search to determine whether 
others have already introduced a similar scheme, to provide evidence that it will deliver the outcome we expect, 
found no one using this approach. Our proposal appears to be a world-first to ensure the growth of tree canopy 
cover in inner city urban areas. The aim of this trial is to enable Unley to be able to reach its long-term goal of 
31% tree canopy across the City. The trial requires only discretionary ministerial approval and requires no 
legislative amendments. Should the trial be successful, it would provide a 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 inner-city urban area with expensive land 
values, and it has the lowest per capita open space provision in greater Adelaide 
at 3% or <8m² per person (City of Unley 2015). The council area with the next 
lowest open space provision is Prospect City Council, in inner northern Adelaide, 
with 11m² per person. In 2016 the Government of South Australia set a 31.2% 
tree canopy target for the City of Unley in its 30-Year Plan for Greater Adelaide. 
By 2017 Unley’s canopy cover had decreased to 26.6%, down from 34% twenty 
years prior (Figure1). In the first decade the rate of the loss of trees accelerated 
to 1.3% per year and during 2007-17 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 tree cover on 
private property.  
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The environmental impacts of tree loss were highlighted when in 2018 the Eastern and Northern Adelaide 
Collaborative Heat Mapping Project (Seed Consulting Services et al. 2018) demonstrated the contrast between 
two adjacent streets with a 10°C temperature differential (Figure 2). Such a dramatic temperature difference on 
hot summer days is reported across whole suburbs in Western Sydney (Amin 2019) where tree loss is substantial 
due to subdivisions and development. Indeed “in some areas the difference was more than 10 degrees.” Parts 
of Western Sydney are predicted to have more regular 50°C days and become unliveable at times, except 
underground. If nothing is changed, Unley will continue down the trajectory of a low tree canopy and the next 
generations will share the problem of those in Western Sydney living in Daking Street, where “Daking Street's 
10 per cent coverage means it is left baking in the sun.” 

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

 

Figure 2. Street tree canopy cover of 30% reduced the temperature by 10°C compared with canopy cover of 
10%. 

Council Initiatives 

In 2018 a new Council was elected to the City of Unley and I was elected as their new Mayor. Campaigning 
specifically on the need for more trees in Unley, and without any hard data, I had claimed that a major 
contributor to the loss of trees was new development that increased the built form on the land and private 
property. I proposed that all new developments should either include trees or contribute to a tree land offset 
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fund to enable Council to plant trees. At the time it was not a feasible policy because Council had no means of 
policing the policy to ensure compliance. Local Government has the responsibility to set rates, so financial 
incentives via rate rebates were considered. In 2021 the Conservation Council of SA published “A call To Action, 
Protecting Adelaide’s Tree Canopy” (Ballantyne et al. 2021) and proposed that a financial mechanism, including 
the use of Council rates be used to share the cost burden of tree ownership between the property owner and 
the community. These and similar measures are part of targeted tree incentive schemes operating in Unley and 
other Councils. We provide a taxpayer funded 50% subsidy to maintain large trees which are categorised as 
significant or regulated trees (Govt. of South Australia 2022). We conducted a Tree Voucher Giveaway, where 
winners were able to redeem an $80 voucher at local garden centres toward the purchase of a native, 
ornamental or fruit tree which would grow to at least 3m tall at maturity. A Conservation Grant is also available 
to assist property owners to preserve significant trees (City of Unley 2021). Our verge soil replacement program 
also contributes to the greening of urban streets. 

To obtain a birds-eye view of tree canopy change across Unley, a program to capture this data was developed 
in partnership with geospatial technology company Aerometrex. LiDAR aerial surveys were used to compare 
changes over a period of three years. Unley then undertook a study to determine whether the LiDAR data could 
be utilised to enable every property in the City to have its tree canopy cover percentage included on their 
quarterly rates notice, which as far as we know is a world-first. In addition, the ‘My Canopy’ app (City of Unley 
2022) was developed as an educational tool by which residents can view their property’s 2018 tree canopy cover 
and then compare it to the cover in 2021 (Figure 3). This is part of our work to help maintain the leafy amenity 
of Unley for future generations through our Tree Strategy (City of Unley 2020). Thanks to the innovative work of 
Unley staff, this project won the City of Unley the 2022 National iTnews Benchmark Awards (iTNews 2022). The 
project was warmly received across Unley and residents enjoyed accessing the data on the app. We set a 
benchmark height for tree canopy as 3m, however 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 private property 

How can LiDAR Data be used to drive solutions? 

The usefulness of the LiDAR data in monitoring canopy cover and height of canopy in Unley continued to prove 
worthy. Council staff endeavoured to filter all property development applications across the three-year period 
to identify new developments which would increase the built form. These properties could then be checked 
using the LiDAR data, and for the first time the change in canopy cover could be captured with an accuracy as 
small as 10 cm².  The data showed that each year 50% of the loss was due to just 212 new developments that 
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increased the built form. However, 220 similar new developments increased the tree canopy by 13.45%, which 
shows how vital it is to have access to accurate data (Figure 4). 
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Figure 4. Average positive and negative canopy change due to development between 2018-2021 

Bronze medal and fool’s gold prize 

During a period where there was tree loss generally across metropolitan Adelaide, we could claim that Unley 
was on track to wonderful success, heading towards our 31% target, and could break out the celebration! The 
City of Unley has increased its tree canopy on Council’s land by 5.19% reversing the downtrend of past decades. 
A dramatic U-turn indeed, from 6% down in three years to 5.19% up. Our overall city-wide coverage went up 
from 26.63% to 28% (Figure 5), only 3% more to go. However, through the data we were able to see every tree 
planted and removed and what it showed was that two trees were being removed for every tree planted. The 
data also showed that most of the planting was on public land. Therefore, to maintain the current uptick, we 
would be relying on existing trees staying alive forever and continuing to grow, but we will run out of land in five 
years. Our Council contribution is limited to 6.4% of the 31% target. For the long term, we are losing 1% of our 
canopy on private property each year. I will describe in very simple terms how the long-term trend working as 
is, will turn Unley into a large version of Western Sydney’s Daking Street, with 50°C temperatures that could 
instead be 40°C if canopy cover can be increased to 30%. 

 

Figure 5. Unley’s total canopy cover increase (public and private land) between 2018 -2021 
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Unley’s submission to the Minister for Planning 

The City of Unley’s submission to the Minister for Planning 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 canopy cover on the property would 

be made against a target canopy cover of 15%.  This target aligns with the State’s new planning code 
which makes provision for sufficient ‘soft soil’ to enable all new developments to 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 owner would be charged 
an additional 10% of their rates, until such time as 15% canopy cover is achieved on the property. If the 
15% target is met at the time of development, the additional charge would not be imposed. 

�x The additional income received by Council would go into a tree land fund to purchase additional land on 
which to plant trees to achieve the desired canopy cover. 

�x Legal advice indicates that for the concept to be implemented it would require amendments to Section 
154 of the Local Government Act to enable Council to impose a separate rate directly connected to this 
purpose, or the Minister for Planning could approve the creation of an offset fund in accordance with 
Section 197 of the Development and Infrastructure Act 2016 (SA).  

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

�x The Minister for Planning approves the creation of an offset fund in accordance with Section 197 of the 
Planning, Development and Infrastructure Act 2016.  

�x The sole purpose of the offset fund is to enable Council to purchase land to plant trees on. 
�x Council bears the costs of planting and maintaining from recurrent revenue. 

Importance of the Planning Code 

The new South Australian Planning Code includes rules that are essential for our offset fund to be fair for all. 
Incentives need to work hand-in-hand with planning rules. Together the proposed trial will enable the rules to 
achieve actual outcomes the state government will otherwise fail to deliver. Our proposal will encourage 
developers to consider retaining existing trees to avoid contributing to the offset fund. However, some new 
developments will be on land stripped 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 rate will include the 10% contribution to 
the offset fund. The new Planning Code enables and incentivises the 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 ensure that the developers and/or the 
future owners are able to plant trees to achieve the minimum 15% canopy 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 housing, and a minimum 10 per cent to 25 per cent of the site for soft 
landscaping (which is a defined term). I 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 I outline shortcomings in the Code, I seek to explain how these are overcome by our proposal in a 
symbiotic way. These new regulations concurrently highlight why the new Planning Code is vital to Unley’s 
proposal, and why the Code on its own will fail to deliver the tree canopy hoped for. As it stands, there are no 
incentives to ensure plantings occur, and if trees are planted that they are retained and encouraged to grow. 
Council will monitor the effect of the new criteria for twelve months, but we are sceptical that it will make a 
difference. When cycling around Unley I observe what is happening on the ground. In new, medium density 
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developments I see that the required soft soil is there and the tree is planted. Six months later most of the 
trees have died or been removed. 

However, the Code does enable the proposed offset scheme to apply to developers and subsequent owners 
alike. It means future owners who wish to plant a tree or two, can achieve the 15% minimum canopy cover 
which the City needs to remain liveable within seven years. Subsequent owners will no longer incur the 10% 
additional rates as they have over 15% tree canopy.  The code makes our proposed offset scheme a real 
financial incentive for both current and future owners to plant and retain trees. All the money raised by the 
offset fund will be used to buy land on which trees can be planted at Council’s expense. The offset fund would 
provide an immediate source of money to gradually buy land. Whilst it would take 200 years to buy sufficient, 
the proposal is essentially an incentive scheme to encourage the developer or a future owner to plant trees. 
Councils can think long term. Council debated whether the offset contribution should be higher, up to 20%. 
The trial would produce the answer to this question. If 10% achieves the change of behaviour, why go higher? 

One problem with the Planning Code is that there is limited means of enforcement and the provisions if 
enforced would fail to deliver mature trees. Council does not have the resources to check-up year after year 
the accumulating number of developments since the code. Another problem is, unfortunately, the Code seeks 
to be a ‘one size fits all’ approach across the entirety of South Australia which comprises a diverse array of 
landscapes and council areas, including those with a higher capacity for achieving a vast tree canopy than their 
inner-city urban counterparts such as Unley. 

“The introduction of the Code sought to realise consistency in the planning rules between different 
council areas, while maintaining distinct policy in similar contexts (such as character areas, activity 
centres, employment lands, etc.). Consideration should be given as to why the Council warrants this 
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 determine interest in whether 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 2022, the City of Unley formally approached 
the newly appointed Minister for Planning, the Hon Nick Champion MP, to allow us to go to public consultation 
on our proposal. The Minister was receptive but requested that Unley also seek the support of the opposition 
to ensure a bipartisan approach. The new Opposition provided their support for Unley’s proposal, albeit in a 
press release calling on the new Labor Government to ‘follow suit’ (Speirs 2022). 

Communication is key 

Politics has been said to be “the art of the possible”. With the LiDAR data being so accurate and detailed I was 
confident that the implications were self-evident. However, I concede as the Mayor of Unley, my communication 
on the issue caused eyes to glaze over. The fact that the tree canopy in Unley is 3,999,771m² is meaningless. I 
have since changed to try to deliver information in a clear and concise manner. I now use the example of Unley 
Oval being 2 hectares (the amount of canopy currently lost each year) to provide a real example of what a 
hectare looks like (Table 1). To keep it simple:  

“Inner city suburbs across Adelaide are losing tree canopy cover. The City of Unley has just 3% open 
space. Council land, open space, buildings and roads amount to just 16% of the total land area. To be 
cool and green, Unley has a target of 31% canopy cover. Council is planting out the remaining Council 
land. When we have fully planted all of our land this will achieve only 6.4% across the City as a whole 
with no land to plant any more. The solution is to plant trees on private property.” 
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Table 1. City of Unley’s land area, canopy area, and annual canopy 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 Unley is a model of engaging our community to actually propose and design policy. Currently public 
consultation occurs when policy is presented for public feedback. In Shaping Unley, we are on the first step for 
the public to develop a policy for Council to consider. 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 methodology to design a City-wide strategy. This 
method is new to Unley. A long-standing problem being worked on is to develop a city-wide parking policy. A 
Shaping Unley process involves our community from the beginning - stepping through the problems, 
opportunities and possible solutions in a collaborative way (Figure 6).  

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

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

To engage with our community, to work through alternative ideas for financial and other incentives for our tree 
strategy, Shaping Unley is both important and valid. Whilst we need State Government support to solve 50% of 
our ongoing loss, Council considered a wide range of incentive schemes to address the other 50% we have the 
power to act on.  

The good news is that in 2007-17 we were losing 8 ha of our tree canopy each year. The previous Council started 
planting two trees for every one removed and was offering the usual mix of incentives. From 2018 with the 
educative power of LiDAR data, our accelerated planting of an extra 450 trees on the remaining Council land, 
and creative incentives and help choosing a tree, we have helped slow the rate of loss. 
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Financial Incentives 

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

Council spends over 6% of our total budget on trees ($2.27M 10 in 2019 of about $38m). Over a third of Unley’s 
residents are tenants of rental properties who do not have the same freedom to plant and maintain trees as an 
owner-occupier.  We need to be mindful of long-term renters who contribute to rates through their rent. Some 
renters and owner-occupiers live in multi-story treeless units. These residents pay 6% of their rates for Council 
to maintain and plant trees on Council land. This means their money provides just 6.4% of the tree cover across 
the whole City.  

Ideas for a small rate rebate paid to owners of properties with tree canopy cover above the average for their 
suburb, could deliver more trees at a fraction of the cost of paying Council to buy land and planting trees on it. 
I live in the suburb of Unley with just 19.1% canopy cover, Unley Park has 33.2% cover. I believe a financial 
incentive for property owners to retain or plant trees is the lowest cost way for residents who cannot grow their 
own to live in a suburb with 31% tree cover. My calculations suggest that an annual $100 of rates to buy land to 
plant trees on would achieve a lower outcome for those who cannot plant trees than $1 of rates used for 
financial incentives to plant trees on private property. Financial incentives via rates for rural landowners to plant 
trees have worked in Australia in a council with 3% urban and 97% rural area (Scenic Rim Regional Council 2021). 
The blame game is politically easy… with our LiDAR data we know that Council can trial new incentives that work 
to reduce the annual loss from 4 ha to 2 ha. The final 2 hectares we cannot. This is dependent on the support of 
the Minister for Planning. 

Conclusion 

Education and incentives have reduced but not stopped the loss of tree canopy in Unley. Without the support 
of the Minister for Planning, the City of Unley will continue to lose over 2 hectares of tree canopy year after year 
resulting in ever hotter scorching summer days. The trial of an offset land fund providing an incentive for 
developers to retain and plant trees could enable a worldwide solution for inner suburbs to increase their tree 
�����v�}�‰�Ç���Á�]�š�Z�������Œ���•�µ�o�š�]�v�P���Œ�����µ���š�]�}�v���}�(�����K�������u�]�•�•ions. 

 

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 A – SUBMISSION TO GOVT OF 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 The City of Unley loses approximately 1,000 trees on private property per annum. 
�x Council currently has a street tree planting program that partly offsets this loss but will run out of 

public land to plant trees on within 5 years. Council is planting 500 extra trees per year. The 
maximum canopy cover across the whole city when Council Land is fully planted is only 6.4% of 
the 31% target. 

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

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

�x Council will need support from the State Government  to buy additional land as land is expensive 
in the City of Unley. 

�x Council has explored several concepts in relation to financial measures and favours one that 
applies to new developments only, rather than one for all properties. 

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

2. Private Property 2018 -2021 LiDAR data  
�x The average tree canopy on private property across Unley has increased from  21.26% to 22.34%. 
�x However, this is a temporary outcome likely due to the growth of surviving existing trees. Each 

year more than twice as many trees are removed than new trees being planted.  
�x Development Applications (involving Building Footprint Increase) for the period June 2018 – June 

2021 show a decrease of tree canopy cover overall of over 22%. 

 
�x 636 of DA’s have a loss of 35.70%; and 661 an increase of 13.45%. 
�x Many of the developments with tree loss are a permanent loss, as new trees can not be planted. 
�x The LiDAR data for the City of Unley clearly shows approximately 20,000M² of canopy loss on an 

annual basis. 
�x This ongoing loss over years will mean that our target will not be reached and our city will 

decline to an overall conopy cover of below 20%. 
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3. Proposed Approach  
�x When a development application is lodged, an assessment of tree canopy cover on the property 

would be made against a target canopy cover of 15%.  This target ties in with the new planning 
code which makes provision for sufficient “soft soil” to enable all new developments to be 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 additional 10% of their rates, 
until such time as 15% canopy cover is achieved on the property.  If on the other hand, the 15% 
target was met at the time of development, the additional charge would not be imposed. 

�x The additional income received by Council from the increased charges would go into a tree land 
fund so that Council can purchase additional land on which to plant trees to achieve the desired 
canopy cover. 

�x Legal advice indicates that for the concept to be implemented,  
o it would require amendments to Section 154 of the Local Government Act to enable Council 

to impose a separate rate directly connected to this purpose, should this approach be used.  
OR …… 

4. Request from the City of Unley  
�x For the Minister for Planning to approve an offset fund provided for in Section197 of the 

Development and Infrastructure Act 2016 to provide a financial incentive for new developments 
to have 15% tree canopy cover. 

�x Section 197 (5) “An approval of the Minister that relates to a scheme to be established by a joint 
planning board or a council may be given on conditions specified by the Minister.”  

�x The fund be held and managed by the Unley Council 
�x The sole purpose is to buy nearby offset land for council to plant trees on. 
�x Council bears the costs of planting and maintaining from recurrent revenue. 
�x Suggested it be a trial of at least three years to measure outcomes. An offset fund requires 

updating each 10 years by the Minister. 
 

 

 

 



The 23rd National Street Tree Symposium 2022 

52 

 

 

 

APPENDIX B – WILL UNLEY SEE OUR TREE CANOPY COVER DROP TO 13% 

Will Unley's children see our canopy cover drop to 13%? 
 

Using the 2018-2021  LiDAR Data 1 Over three years M² each year M² 

Area Unley Council 14,290,000m²   14,290,000 

Tree planting1 62,109 20,703 

Tree removal1 127,244 42,415 

Target is 31% by 2045 i.e., 3%*14,290,000=428,700m²   21,435 

Tree loss from new developments increasing built form1 61,089 20,363 

 

M² of Tree canopy 
Annual M² 

50 years 
M² 

% whole of Unley 

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

 We need to save 40,748 m² each year (p/a) -42,415      

We need to plant 21,435m² p/a to increase to 31% -21,435      

State Offset 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 Unley in two generations (31-15.1%)     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 urban forest canopy cover. 
Community members engaged with council to improve their urban forest and a project finance 
approach was developed and applied to grass-roots community urban forestry. Modelling tree 
volumes, undertaking costings, informing budgets and implementation, and aggregation of more than 
20 separate project components into financial planning ensured a successful commencement of the 
Urban Forest Strategy (UFS). Community input led to annual budgets and long-term financial plans 
being revised to deliver an expanded list of 65 actions. Funding for 2022/23 increased by $1.35 million 
for tree planting and replacement and $4 million for ongoing urban forest expansion. The UFS’s 
success now underpins components of other strategies, including projects of the City’s Open Space 
Strategy Refresh 2020, the Community Wellbeing Plan 2020 – 2025 and the Our Climate Emergency 
Response Strategy 2021–2025. 

Introduction 

Glen Eira’s suburbs cover 38.7 square kilometres of inner Melbourne. Tree canopy cover in 2002 was 25%, but 
by 2018 this has declined to below 12.5%. Glen Eira’s population of approximately 151,000 residents in 2021 
(.idcommunity 2022) had declined by 3,026 in the previous 12 months, reducing the City’s population density to 
4,011 residents per square kilometre. The City is landlocked and has limited provision of open space. 
Development and implementation of the City of Glen Eira’s new UFS was built upon: 

�x a project approach (Pinto 2017) for UFS: governance (Schuppert 2015), policy, funding, implementation, 
and action plans.  

�x a community-written Master Plan and a UFS draft   
�x baseline audit  
�x community consultation/contribution, including in related local and state government plans and policy 
�x urban forest industry evidence 
�x legal, policy parameters and language 
�x embedded storylines - Lean Brand enablement (Frontify 2022) 
�x incorporation of the UFS within urban renewal initiatives and climate change strategies 
�x splitting the growth of the urban forest from business as usual 
�x adopting strategic adaptive management (Allen and Garmestani 2015). 

A project finance approach is multifaceted and includes governance, risk success coverage, enablement, 
alignment branding, strategy and policy, legal, resources, layered politics, funding and finance, shareholders, 
guarantors, input supply, and measurable success factors. The approach to a UFS is similarly multi-layered with 
benchmarking, costs, assessments, evidence, assumptions, cash flow and success factors and these having many 
touch points (Figure 1). The UFS covers the entire City of Glen Eira, and for it to be most effective the council 
and communities must collaborate to carry out its objectives. The action plan adhered to the adage ‘right tree, 
right place’ and aimed to ensure high-quality 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, the (New) Glen Eira Council undertook to address the 
50% canopy loss of the previous two decades and to renew its urban forest. The Council considered its approach 
to increasing its urban forest from a project finance approach (Table 1) and has endorsed plans, actions and 
commitments for one-year, four-year and ten-year 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 of Transactional 
and Project Finance 
Approaches 

 Urban Forest Approach 

Understanding the 
assumptions 

 Understand base-line & existing tree inventory, health, age, 
ULE, species concentration, canopy coverage 

Assessment of assumptions  
Study of base-line history, impacts and projections. Restrictions 
of planning policy framework, municipal planning strategy and 
Victorian planning provisions 

Analysis of project cost 
 

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

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

Benchmarking with the 
industry 

 
State government strategies, neighbouring LGA plans/ targets, 
urban density and population forecasts, housing 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 

 Corrective reviews, project risks, financial risks of non-
performance, contract performance (don’t pay for dead trees) 

 
Glen Eira has a higher Land Surface Temperatures and Heat Vulnerability Index than neighbouring councils. Glen 
Eira has the lowest amount of open space of any local government in Melbourne, 833 kilometres of kerbs and 
channels, and 102 kilometres of Department 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 quickest.”  

(Charles Darwin) 

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

The Action Plan of 65 actions (City of Glen Eira 2021) captured the community consultation. Visions and 
initiatives are contagious, as shown by the experienced candidates vying for desirable job opportunities in (the 
new) Glen Eira, including the authors of the ‘Our Climate Emergency Response Strategy’ and ‘Glen Eira Open 
Space Strategy’ and the ‘Integrated Water Management Plan’. 

Planning and Communication 

Although Glen Eira's urban forest is not in the shape of other LGAs applying for Tree Cities of the World 
recognition (UN FAO and Arbor Day Foundation 2022), Glen Eira is committed to restoring its Urban Forest. The 
(new) Glen Eira is receiving positive accolades from residents for its commitment, its urgency of action to correct 
the past, for balancing policy tensions, and for its community engagement to create the new Urban Forest. The 
events or stages in the process to achieve 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 controlled alternative UFS draft. 
Both living documents were updated weekly and marked-up versions circulated – recording the voyage 
of discovery. Then content of the community alternative UFS was extensive.  

The Community version one UFS was printed and delivered to the (previous) Glen Eira following the 2019 
TREENET Symposium and Environment Day 2019 when DELWP released: Living Melbourne - the Resilient 
Melbourne Strategy (Living Melbourne and The Nature Conservancy 2019). Version one UFS was an overview of 
the environmental, health (inc. heat island effect) and economic benefits of trees as well as a global perspective 
which compared city population densities with urban forest canopies.  

DELWP supported the Community by providing a municipality-by-municipality percentage-based examination 
of tree canopy (horizontally and vertically). The Community presented hard-copy document allowed council staff 
to flip through, hold on to, and maintain topic presence, a reality that can be masked by electronic filtering. The 
Community understood global trends and the latest science so strategies could be written quickly. First versions 
were not perfect but the objective was to seek input and to update what was missing locally with its supporting 
evidence. 

The Community presented the version one UFS and revisions to State and Federal Members of Parliament, 
asking for advocacy and support for Glen Eira’s future UFS. Glen Eira’s agreement to create a new UFS meant 
the Community had a limited time to influence the regrowing of the lost tree canopy. 

Develop a base line audit  

The Community asked the council: "When was the last audit (or a strategy) of the Urban Forest?” The Community 
then suggested that council engage a tree expert to provide a detailed summary of Glen Eira's tree assets' 
current condition and to identify tree health issues in the context of a reported decline in tree canopy. 

Two paths  

Two paths were developing: 1. The Community-based alternative UFS draft and 2. The council’s study and tree 
audit in preparation for the council’s UFS version. 
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The council path: a line in the sand – the inherited aspects – the rear-view mirror 

The base line audit with professional tree knowledge and breadth of experience, the message was not good - 
the tree base stock had deteriorated and was declining at unheard-of rates. As a result, the audit advised 
numerous top-level management decisions. The base line strategy was presented at the ordinary council 
meeting and then made available for public consultation. The Community had extended consultation time 
because council elections caused a delay in the process.  

The Community path: an alternative UFS - global studies – restoring canopy - looking forward 

The Community's objective was to bring the two paths together to compare content and leverage the knowledge 
into one (New) Glen Eira UFS. The Community work-shopped across many facets including those listed in Table 
2.  

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

Urban Forests  Strategies, Legislation, LGA 
Plans/Strategies, Stakeholders and 

Measurements 

 Challenges 

Comparing canopy 
Cover percentages 
across LGA’s 

 Global city densities and Green View Index  Funding, results need cash 
flows earlier 

Environment benefits  Urban heat island effect  Year on year, plantable land 

Health benefits  Measuring tree mix and canopy height 
required for a hectare increase 

 Residential planning (zoning) 

Carbon and climate 
change benefits 

 Measuring yearly planting of mixed height 
canopy trees 

 Calculating the amount of 
tree densification required 

Stormwater benefits  Yearly budget and cash flows  Land ownership and other 
authorities 

Air pollution benefits  Measuring the range of planting costs in open 
space, crown reserves and private land with 
proportionate WSUD 

 The whole of landscape 
integration planning and 
tree literacy 

Business and economic 
benefits 

 tree asset values  Tree health, age and ULE + 
increasing temperatures 

Marketing the city 
benefits 

 tree protection  Community consultation and 
education 

Planting conditions    The stealth effect on the 
budget and urban forest 
balance 

Species adaption to 
rising temperatures 

   Glen Eira microclimates 

 

Community consultation – call to action  

The Community used the public consultation period effectively. The four-yearly council elections gave additional 
time to engage the community. This included a community call to action after the (Previous) Glen Eira publicised 
its proposed UFS. Neighbourhood groups were contacted, and the need for the UFS received overwhelming 
support to uplift to canopy targets, cooling the city projects and detailed action plans. 
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The community used the alternative UFS draft to update groups and include their feedback to further update 
the UFS drafting. The Community canvassed council candidates for the “to be” (New)Glen Eira. On 15th 
December 2020, a community petition of 1,785 resident names, addresses and signatures was presented to the 
(New) Glen Eira to: 

�x Adequately fund the UFS and ensure that the Climate Emergency statement was also funded 
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 Living Melbourne targets for Glen Eira  
�x Produce amendments within six months for a Developer Contributions Levy, a Water Sensitive Urban 

Design, and an Environmental Sustainability Design policy. 

Within the consultation period the Community submitted the alternative UFS draft. The alternative UFS 
contained local projects (chunks) that, in aggregate, surpassed the proposed municipality targets by identifying 
diverse planting opportunities (Table 3). These increased opportunities exceeded the proposed targets and 
allowed for contingencies. 

Table 3. The Community UFS draft aimed to optimize tree planting associated with specific projects and other 
opportunities.  

Parks – restore and 
densify 

 Rooftop gardens  Planted tree patterns and 
vertical timelines 

Roads and streets  New Precincts – East Village and 
structure plans 

 VicRoads tree densification 

Open spaces  School programs – planting and sponsor 
trees 

 Community projects and 
sports clubs 

Tree avenues  School, hospital, kindergarten and sports 
areas 

 Local grants program 

Greenline – railway 
landscapes 

 Car parks – shopping, train, school, RSLs  In Remembrance trees 

Built development 
landscapes 

 Pocket parks, mews, laneways  Specific understorey tree 
project 

Strip shopping centres  Caulfield Racecourse and precinct  Strategic growth areas 

 

Evaluation of messaging  

“Take nothing on its looks; take everything on evidence. There's no better rule.”(Charles Dickens)  

Glen Eira’s previous narrative was that there was no space to plant trees. The reasoning between Tree Cities of 
the World's accomplishments in reducing urban heat islands and TREENET's support for and education on urban 
forest management, planting in ever-increasing urbanisation, 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" by taking pictures. 102+ 
kilometres of Glen Eira's 465 kilometres of roads were 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 year. It does not 
differentiate between live and dead trees or tree health, nor show aggregate vertical landscapes. Glen 
Eira accepted 700+ planning applications in the year before COVID, and the built forms of these sites 
(0.18 per cent of the municipality) had changed significantly, with multiple moon-scaped blocks. 

3. Soil pH, moisture levels, soil type, and temperature heatwave differences across micro-climates, hard 
built surfaces and sport fields. 

The evidence confirmed previous studies that reported a preference for smaller mature trees in residential 
streets over larger mature trees (Dilley and Wolf 2013). Residential street trees that were gravely 
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underperforming were partly a by-product of the operational and regulatory framework (Hall 2007). The 
evidence of the horizontal and vertical canopies confirmed that urban forest management, strategies, and the 
planning scheme were interlinked and failed to supply performing trees for the next generation. The cross-
referencing of horizontal and vertical canopies revealed that while the protection of larger, more mature trees 
was slowly increasing, planting and planning for new trees to develop the increased canopy that will dominate 
the landscape in the coming generation was not considered - a common LGA thread reported in Watson (2015). 
In addition, after researching and understanding i-Tree’s limitations (Kaspar et al. 2017; Parmehr et al. 2016),  
mapping via i-Tree identified canopy changes and other land uses. 

Councillor consultation  

Version two alternative UFS was developed within the community consultation period. This provided time to 
present examples and global best practice. To help introduce the annual budget and financial planning, the 
Community submitted letters to elaborate on the urban forest action and its sizable funding requirement. It also 
compared the previous yearly funding of Parks Services with rates revenue growth and contractual costs. 
Community meetings took place through any means, including coffee shops, phone/email conversations, zoom, 
and public speaking at events to spread the word about the opportunity to cool Glen Eira. The Community added 
to its alternative UFS further new chunks to justify and support additional tree planting (Table 4).  

Table 4. The Community UFS aimed to justify additional tree planting across many disciplines, needs and 
opportunities   

Urban forest strategy commonalities  Rare strategy inclusions 

 

Urban Heat Island effect  First Nations practices and principles 

Air quality and emissions 

 

 Hectare calculation by Buildings, Gardens, Road, Rail and paths, 
amenity space, water, pervious and non-pervious surfaces 

Community cohesion and engagement  Increasing resilience  

Biodiversity  Priority of tree, understorey and biodiversity landscape 

Flood control and water quality  Applying WSUD 

Carbon storage  Land surface temperature and microclimates 

Landscape character, heritage and 
culture 

 Horizontal and the vertical landscapes 

Economic benefits and tourism  A balanced risk-based approach 

Funding, Monitoring and Delivering  Time-dated action plans 

Physical and mental health and 
wellbeing 

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

 

Engaged and Informed  

Engagements added to the understanding of local micro-climates, thermal heat and heat island effects. The 
Community:  

1. contacted government departments and larger landowners via Zoom meetings and sent a flood of 
emails confirming awareness, including Caulfield Race Course Management Trust regarding placement 
tree canopy, VicRoads (Department of Transport) regarding its tree Policy, Metro/Vic Rail for Greenline 
proposed plans that cross three LGAs, the Department of Education concerning integration of tree and 
biodiversity contribution with the climate change and wider environmental components of the 
curriculum. 

2. consulted with developers on sustainability aspects of future planning applications.  
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3. participated in consultation for Victoria's infrastructure strategy for 2021 to 2050, responding to the 
risks of climate change and its recommendations including its aim for 30% tree canopy cover 
(Infrastructure Victoria 2021).  

4. participated in the State Government Built Environment Climate Change Adaptation Action Plan 2022 
DELWP consultation (Victoria State Government 2022).  

5. contributed to DELWP's Building Better Apartment Standards upgrade from 2017 to 2021 to 
incorporate soil provisioning for canopy trees and water sensitive urban design (WSUD). By being 
integrated into LGA planning schemes, quantifiable standards have been transferred from objective 
standards to subjective legal meaning by Planning Scheme Amendment VC174 (20/12/2021).  

6. submitted suggestions to Glen Eira’s planning scheme re-write 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 linkages through participation in broader tree and 
environmental seminars and learning, and 

2. complete collective understanding of local WSUD and stormwater issues.  

Update UFS versions  

The Community added "chunk projects" (small and large) with calculated canopy percentage, yearly costings and 
projections for ten years. A summary of the potential for UFS expansion, the level of interaction with various 
landowners, and the year-by-year budget included strategy administration and management. Estimated costs, 
contingency allowances and monitoring were included. 

Ownership  

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

Council officer meetings  

The objective was to compare and reconcile the differences between the base-line council strategy and the 
Community alternative UFS. The Community met with council officers to examine the differences between the 
baseline and the Community alternative UFS. These meetings highlighted the available tree-planting options, 
approaches, and the requirement for a new strategy to sustain tree health. The (New) Glen Eira promoted 
increased transparency and community input and created action plans based on these discussions and the 
content of the Community’s alternative UFS. 

Obstacles  

The Community:  

1. was unaware of the internal costings (Table 5), processes, urban forest information availability or tree 
literacy of the council strategy writers, so promoting UFS revision was challenging, and 

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

Persistent concern with the tree palette prepared decades before climate change, adaptation and mitigation 
needs were identified was another factor. With the redesign of the palette and planned substitution of species 
unsuited to the changing climate, the question of whether Glen Eira’s trees will continue to perform under higher 
temperatures is being answered (Gonzalez-Orozco et al. 2016; Jewel 2016; University of Maryland 2022). 
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Table 5. Yearly Budget aligned to workflow, planting programs and priority timelines (Excludes other items 
under the existing management for Parks Budget and requires adjusting to actual Procure + Plant + Maintain 
subcontracting costs per tree/hectare. Note: The UFS figures below were the Community’s cost estimation to 
promote costing conversations, comparisons and validation with the council and to scale/yearly strategy 
funding). 

 
Outcome 

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

In 2018 Glen Eira’s canopy cover was 12.5%, down from 25% in 2002. The (New) UFS has reset targets to the 
following, which will be achieved through a comprehensive, fully-funded Action Plan. From the UFS (City of Glen 
Eira 2021): 

‘On council-managed land, we will aim to achieve the following by 2040: 

�x tree canopy cover over roads and streets will increase from 15.6 per cent to 18 per cent 
�x tree canopy cover in parklands will increase from 14 per cent to 25 per cent 
�x tree canopy cover on council owned car parks will be at least 25 per cent 
�x no one species will represent more than 10 per cent of the public urban tree population 
�x Across the whole municipality, successfully achieving a higher canopy target will be the collective 

responsibility of the Community, council, State Government and other agencies. The aim is to increase 
the municipal tree canopy cover from 12.5 per cent to 22 per cent by 2040’ 

The Community corresponded with the Government of Victoria’s Environment Minister’s Office highlighting and 
complimenting the (New) Glen Eira on its UFS and its exceptional community consultation. The breadth of the 
actions identified to support delivery the UFS’s targets through the Urban Forest Action Plan is apparent in the 
summary list below: 

Maintain and protect  

�x Enable monitoring and tracking of the forest 
�x Include trees in asset register and enable a bond system based on the amenity value 
�x Update the tree Removal Policy and fees 
�x A proactive maintenance program on protection, structure and ULE 
�x Tree vandalisation correction program 
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�x Embed UFS into council plan, environment and sustainability, climate change, active transport, 
community health and wellbeing etc. 

�x Annual street and park renewal program. Maximise the tree canopy 
�x Formalise tree technical guidelines – best practice tree planting, underground spoil requirements, 

species selection, maintenance, pruning, removal, renewal, root management, WSUD, structural 
soils, permeable paving, tree pits. 

�x Vehicle crossing permit standards 
�x Embed principles of the UFS in the Planning Scheme 
�x Provide directions in Planning Scheme to support/improve new canopy planting on private land 
�x Neighbourhood Character statements to reinforce environmental trees' character 
�x Classified tree Register and Local Laws 
�x Vegetation Protection mechanisms – planning overlays 
�x Tree protection policy 
�x Adequate resourcing to monitor, audit and enforce tree permits and conditions 
�x Annually record and analyse the number of tree permits, trees removed, and trees retained 
�x Develop strategic educational campaign: Neighbourhood sustainable garden program, tree 

planting days, nature next door citizen program 
�x Enforce the 12-month requirement to retain the trees on building sites before planning 

applications 

Grow the urban forest  

�x Identify planting sites. Reset all sites within the asset management system and complete an audit 
�x Diversify species to maximise canopy to allow for larger canopies 
�x A park tree planting and renewal program 
�x Tree planting in adequate soil volumes, nutrients, water, space for canopy and root covering, 

reduce synthetic inputs. 
�x Understorey plantings program 
�x Tree canopy cover objectives in capital works projects and active transport projects 
�x Tree cover in design for asset renewal, local traffic management, school zones, vacant nature strips 
�x Local structure planning, place-making objectives, liveability improvements of greening, planting 

canopy trees, WSUD 
�x A future fund that collects fees/bonds from tree pruning and removals 
�x Infrastructure and developments green infrastructure – green walls, roofs and facades, WSUD, 

permeable paving, strata cells 
�x WSUD trials and rain gardens, tree pits 
�x Conditions on planning permits: protect and on-going care, maintain post-construction planted 

trees 
�x Guidelines on soil areas for deep soil for medium/large canopy trees 
�x Review resources, ensure resources and procedures enforce permit tree and landscape conditions 
�x Suitability of green factor tools assessing environmentally sustainable development 
�x Growing green guide for trialling green infrastructure 
�x Trial/adopt Council Alliance of Sustainability Built Environment’s Subdivisions Framework 
�x Co-operative Research Centre’s Water Sensitive Cities design for infill developments 

Adapt to climate change and reduce urban heat  

�x Support/Include environmentally sustainable design policy into Planning Scheme 
�x Engagement with community, local landowners/occupiers/renters via Neighbourhood Sustainable 

Garden program 
�x Update the tree Palette – species and adaptability to rising temperatures 
�x Trial new species in streetscapes – monitor for adaption to soils and climate 
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�x Support development of catchment-wide water mapping. Prioritise stormwater retention. 
�x Develop an irrigation plan, schedule supplementary watering  
�x Trial passive stormwater infiltration methods in streets and parks 
�x Prioritise tree canopy coverage in pedestrian zones where exposed to heat 
�x Consider biodiversity corridors 
�x Convert disused/underutilised public land into open space and vegetation 
�x Review materials for footpaths and roadways and trial pervious paving and stormwater filtration 

Engage and collaborate  

�x Develop communication tools that reflect urban forest targets, vision and objectives 
�x Use media to celebrate wins for the urban forest, saved trees and newly planted trees 
�x Planners’ information to pass on to developers 
�x Input UFS and open space objectives into capital works structure and asset renewal planning 
�x Establish key internal champions for communication and advocating outcomes across the 

community 
�x Establish community urban forest/climate and sustainability parks and gardens advisory 

committee 
�x Partner with landholders on tree protection and planting outcomes 
�x Community-run programs, planting days, support school gardens, grants programs for schools 
�x Advocate for state government data capture of vegetation 
�x Encourage the planting of native trees and vegetation species on nature strips to improve 

biodiversity 
�x Deliver nature next door citizen science program, surveying trees and fauna 
�x Support Treenet, Arboriculture Australia … support research and education to increase Urban 

Forests 

Monitor and evaluate  

�x Report via annual urban forest audit report statistics on trees removed, planted, understorey, 
species diversification, ULE diversity 

�x Monitor tree species against preferred species palette 
�x Measure progress towards canopy targets 
�x Bi yearly condition surveys of street tree population and record in the asset management database 
�x Condition surveys of park trees every 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 cover in the City of Glen Eira declined from 25% of land area to below 12.5%. 
Council listened to the community’s dismay at this visible degradation of amenity and environmental quality and 
acknowledged that it needed to take urgent action to improve its urban forest and restore its canopy cover. 
Community members and council worked together to set ambitious targets in a revised urban forest strategy. 
They itemised the individual actions needed to increase tree planting and establishment. A project financing 
approach was developed and applied to the actions, to ensure adequate resources for project development and 
implementation. Community input led to annual budgets and long-term financial plans being revised to fund the 
delivery of the substantially increased tree planting and related actions. Modelling tree volumes, undertaking 
costings, informing budgets and long-term financial plans, implementation, and aggregation of project 
components into financial planning has enabled a successful commencement to delivery of the Urban Forest 
Strategy’s goals and targets. The City of Glen Eira’s Urban Forest Strategy now supports other works to improve 
community health and wellbeing, address urban heat island effects, and adapt to the changing climate and 
broader environmental changes. This case study has shown that increasing canopy cover is possible when the 
community and council are united in their vision and in their commitment to deliver it. An engaged and informed 
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community, an active and empowered council, and a shared vision are key to progress. It is hoped that this case 
study will inspire and inform other councils and communities to work together to achieve similar progress in 
restoring their urban forests in their towns and cities. 
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Abstract  

The many values and benefits urban trees provide make them essential infrastructure in healthy, thriving, 
climate-resilient cities. To prevent undesirable loss of these values and benefits, it is important to have a 
transparent and reliable method to attribute economic values to publicly owned trees. These values can then 
inform decision makers who may wish to consider the loss of tree-related benefits against other potential 
benefits that may arise should a tree be removed from a public space, to make way for a private development 
as an example. A ‘tree amenity fee’ might then be charged to those who directly benefit from the tree’s removal 
to offset the loss of tree benefits or values. The application of tree valuations is becoming more commonplace 
throughout Australian Councils to support urban greening. Tree valuation can help to preserve trees through 
community awareness of tree values and by establishing canopy replacement values and costs to inform bond 
values on development sites. This paper reflects on one Council’s experience with tree amenity valuations and 
introduces the Minimum Industry Standard (MIS) method recently developed by Arboriculture Australia Ltd and 
the New Zealand Arboricultural Association in consultation with the national arboriculture communities in both 
countries. 

Introduction  

Many cities measure their ‘canopy cover’ – a metric based on the horizontal spread of tree canopy over land. 
The City of Hobart has the greatest tree canopy cover of all Australian capital cities at over 59%. However, the 
City of Hobart is surrounded by extensive bushland reserves and national parks. While this provides a unique 
and exceptional connection to nature for the City’s residents and visitors, it does not reflect the canopy cover 
across the urban and suburban areas. Hobart’s canopy cover in suburban areas, excluding the large bushland 
reserves that rim the City, is just 16.7%. Canopy cover in the CBD is just 4%. These figures include all the trees in 
parks, gardens, on private land and along streets.  

The City of Hobart Street Tree Strategy was endorsed by council in July 2017. This strategy includes 49 
recommendations and an ambitious target to increase tree canopy cover across the urban areas of the City from 
16.7% to 40% by 2046. To achieve this goal the 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 assets and substantial public funding is used to install and maintain 
them. Unlike most other public assets however, the value of an established tree is often far greater than the 
cost to purchase and install a new replacement. A large, mature tree provides significantly greater amenity and 
value to the community than a small replacement tree would generate in its early decades. Existing trees in 
public spaces, and particularly large canopy trees, play an increasingly important role as infill development and 
urban densification continue to reduce the space available for trees on private land.  

To help to preserve existing trees and their benefits and values to communities, as part of the implementation 
of the Street Tree Strategy council endorsed its Tree Compensation Policy in February 2019, based on the City 
of Melbourne method. This policy outlined a framework for charging an amenity fee for publicly owned and 
managed trees that were approved for removal to support private development. A key component of the tree 
compensation policy was to attribute appropriate monetary values to the amenity provided by established trees, 
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as an incentive to encourage developers to favour design proposals that retained and protected established 
trees.  

In December 2021, following media coverage about the council’s policy, the motion was passed that: 

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

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

Table 1. Summary of findings from review of 33 months of implementation of the Tree Compensation Policy  

 

The category with the largest number 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 with an average amenity value of $2820 
charged per tree. This demonstrated that applicants who wished to remove trees of relatively low value 
proceeded with minimal consideration of tree retention, and the value of the removed trees was used to 
increase funding of the City’s annual tree planting program. One tree proposed for removal was damaged by a 
storm during the assessment processes and removed by Council. Five applications that included proposals to 
removal council trees were put on hold or not progressed due to non-tree related issues. 

The final category of development applications was where changes were made to the design to enable the 
retention of all trees or of the more valuable trees; there were 8 applications in this category. Of the 25 trees 
that were assessed in these 8 applications 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 but were able to be retained 
following selective design changes had a total amenity value of $306,344. This demonstrated that the tree 
compensation policy was effectively incentivising designs which retained trees, particularly trees of high amenity 
value. The City’s tree compensation policy and its Street Tree Strategy have, therefore, been shown to provide 
a framework within which the need to protect and expand Hobart’s tree canopy can be balanced with the need 
for more housing, while ensuring the approach is consistent with community expectations. 

 

Category of application Number of 
applications 

Number of 
trees  

removed 

Amenity value 

Removal permitted (no 
changes to design required) 

10 15 Average amenity value of $2820 per tree 

Designs changed to allow 
retention of all trees, or the 
retention of higher valued 
trees 

8 9 Average amenity value of trees approved 
for removal: $2100 per tree 

Selective design changes to retain 
significant trees allowed for the retention 
of $306,344 in tree amenity 

Not progressed due to non-
tree related issues 

5 0 No cost 

Tree removed by Council 
due to storm damage 

1 0 No cost 
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A Minimum Industry Standard Method (MIS506) 

Minimum Industry Standards (MIS) are produced by Arboriculture Australia Ltd in partnership with the New 
Zealand Arboricultural Association and the wider arboriculture community. They aim to ensure that people 
working with, assessing, and providing advice in relation to urban trees have access to industry-relevant, peer-
reviewed documents detailing the standards of skills and equipment with which competent practitioners should 
be familiar. Arboriculture related MIS’ do not apply to commercial forestry. Where a MIS exists for a particular 
task, such as tree valuation, it is deemed by industry experts to provide an overview of the task as it is practiced 
in industry and to define industry consensus regarding appropriate contemporary methods to conducting the 
task. 

The Tree Valuation MIS (MIS506) provides a framework, criteria, minimum and preferred benchmark standards 
to facilitate the consistent and transparent valuation of trees in Australia and in New Zealand. It includes a 
method (MIS506/22) that meets the preferred compliance criteria which are described as follows: 

�x methodology to determine the amenity value of individual trees, communities of trees, and to 
forecast the amenity value of trees, compliant with the Minimum Industry Standard  

�x fusion of the principles and practices of accepted valuation methods. It references Burnley, CAVAT, 
the 2021 City of Melbourne, STEMTM and Thyer methods along with best practice principles from 
modelling and market research science  

�x by design accommodates further adaptation within its framework, 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 fully described in Tree Valuation, Industry Guidance on Tree Valuation Methodologies, 
Practices and Standards MIS506. The following valuation methods are also defined in MIS506 as compliant (in 
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 STEMTM   NZ 
�x Thyer   AUS 

In all of these methods, tree value is determined not as a ‘sum of benefits’ but as a representative market value. 
Tree valuation is based on a market baseline value which is modified or adjusted to account for the tree’s 
condition and site influences including physical, environmental, social and market-related elements. The MIS 
provides a detailed description of how these tree, site, community and market-related features combine and 
interact, and the role of the arborist in assessing these when calculating tree values.  

Similarities and differences between earlier valuation methods were reviewed to inform the development of the 
MIS. The major differences between methods related to which elements or benefits were included in the 
valuation, their quantification in calculations, and baseline values. Tree size-based market baseline values were 
attributed relative to trunk diameter (DBH), canopy area or canopy volume, which allows for forecasting of 
future values based on predicted growth. Reliability and repeatability, ease of application, and reasonableness 
in terms of previously developed methods were desired in the development of the new MIS method, to allow 
for continuity and ongoing relevance of earlier assessments.  

The value of a ‘standard’ test tree is presented as an example. The ‘standard’ tree is a stand-alone Australian 
native specimen with a DBH of 60 cm, height of 17 m, even crown spread of 18 m and height to crown of 2 m. 
The ‘standard’ tree was situated in middle ring suburbia of an Australian capital city, was 60 years of age and 
had a life expectancy of >40 years. The values of this ‘standard’ tree produced using the various methods are 
reported in Table 2. This example demonstrates that the Burnley, City of Melbourne, Thyer and MIS506 methods 
produced monetary valuations for the example tree that were consistent to within ±5%. 
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Table 2. Comparison of values attributed using MIS506-compliant 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 public assets and require public funds to install and 
maintain over decades and sometimes over centuries. The value of each tree varies based on size, location, 
species characteristics, prominence, health 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 a recently planted tree. The many 
benefits a large, mature tree provides cannot be readily replaced in the short term. Trees provide amenity that 
enhances the image of the city and the experience of the community. They provide a sense of place and can be 
key landmarks that are valued over generations. Private development that impacts or removes council’s trees 
trades off the public benefit from community assets against private benefit.  

A review of the City of Hobart’s Tree Compensation Policy after 33 months of implementation revealed that 
applying an amenity value allowed for the recognition and consideration of tree values in design and decision-
making processes relating to site development. If a developer believed that tree removal was required to 
support their building plans, the City’s policy offered a clear and transparent process that showed the value of 
the tree/s. Having to compensate for the loss of the determined value proved to be an effective incentive to 
retain trees where possible, particularly high-value trees. Where it could, the City of Hobart worked with 
developers to find alternative design solutions that allowed street trees to remain in the landscape for the 
benefit of the wider community. This approach promoted smarter and more sensitive development designs that 
helped maintain the liveability of the city and contributed toward achieving the increased tree canopy cover 
target. 

The Tree Valuations MIS (MIS506) provides a robust framework, valuation criteria, minimum and preferred 
benchmark standards to facilitate consistent and transparent valuation of urban trees. It is hoped the MIS will 
help to increase the use of tree valuation nationally to improve community understanding and acceptance of 
tree and canopy cover management and preservation.  
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Abstract 

The Forktree Project began in April 2019 to restore 53 hectares of degraded farmland to its natural state. 
The project’s primary goals are to conserve local species and to engage other peri-urban landholders to 
undertake similar actions by demonstrating how they can contribute to conservation, habitat restoration, 
and to combatting climate change. Restoring Forktree involves planting approximately 20,000 native trees 
and shrubs to re-wild the site, encouraging natural regeneration, and managing introduced species. Forktree 
is providing habitat to rare and threatened species and it will continue to bring back other native animals to 
the site. Achieving and demonstrating success and encouraging others to embark on similar projects involves 
engaging local and wider communities. The Forktree Project engages through educational and interpretive 
activities, working bees, planting days and other events and outreaches. The expansion of Adelaide’s suburbs 
to Forktree’s north and the rapid growth and urban agglomeration of nearby towns to the south are 
progressively consuming open space and habitat in the region, increasing the need and urgency for projects 
like Forktree to sustain ecosystem services and connections with nature for the encroaching urban 
populations.  

Introduction 

The Forktree Project involves restoring native habitat to a former pastoral property on the Fleurieu Peninsula, 
setting up a native seed nursery to grow native plants for use at Forktree and other Hills and Fleurieu properties, 
establishing a rare seed orchard to provide security populations of rare endemic plants, developing and 
delivering educational outreach programs focusing on schools, Aboriginal youth and the community, trialling 
improved methods of calculating both above-ground and soil-based carbon and trialling innovative water saving 
technologies. The project is designed to be an exemplar of what is possible with a view to encouraging other 
rural landowners to adopt more sustainable practices. 

Goals  

The Forktree Project has three main goals in addition to the restoration of the land itself:  

To establish a native seed nursery and rare seed orchard to grow native plants for use at Forktree and other Hills 
and Fleurieu properties to help combat biodiversity loss and climate change. The rare seed orchard involves 
growing threatened species in a dedicated vermin-proof 1.5 hectare area for ease of seed harvesting and 
propagation and as a security population. The focus is on species that are rare or are of significance to Aboriginal 
people. Young Aboriginal men and women will be trained to help run these facilities as part of their involvement 
in the project.  

To trial improved methods of calculating carbon for small/medium sized rural landowners, to reduce costs and 
encourage more land restoration; to utilise innovative water saving technologies including a LoRaWAN (wifi) 
hub and linked irrigation controllers and soil moisture probes to optimise water use in the nursery and rare seed 
orchard. 

To educate the community about the importance of environmental stewardship, both through provision of 
curriculum-specific educational content and the modelling of proactive sustainable practices. Principal target 
audiences include schools, young First Nations people, the local community and rural landowners. 
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Progress to date 

To date 15,500 native plants, trees and grasses have been planted at Forktree since the project’s inception in 
April 2019. In addition, 18,000 tubestock of 41 endemic species have been grown in our onsite nursery this year, 
including rare species for the Landscape Board. The rare seed orchard is well underway with 7 raised beds and 
4 reticulation lines in place and water storage and solar power to service these areas. Baseline carbon, bird & 
lepidoptera, and vegetation surveys have been completed. A LoRaWAN (wifi) hub and linked irrigation 
controllers and temperature and soil moisture probes have been installed. Over 50 school, community and 
corporate groups have visited the project this calendar year. 

In addition to plantings, weed eradication and access tracks have been installed as part of our fire safety plan. 
We have also commenced a large-scale heathland restoration. This dense heath revegetation aligns with the 
objectives of the ‘Back from the Brink’ project and will provide habitat for threatened heathland species 
including Chestnut-rumped heathwren (closest population is in Myponga CP), Heath goannas and Southern 
brown bandicoots (closest populations are near Forktree Rd, Nixon Skinner CP precinct). The plants used here 
will also form a seed collection source in the future (e.g. Banksia marginata). Andrew Fairney from Seeding 
Natives is providing technical guidance and assisting with this activity, particularly regarding native grass direct 
seeding and weed eradication. This includes preparation and establishment of the ground layer of native grass 
cover on 5 hectares, consisting of a broad variety of native grassy-woodland and heath species being the 
cornerstone of the reconstruction of a high functioning ecosystem with the aim of saving threatened species. 

Development of a course in rare plant propagation for Indigenous men and women together with Mark 
Koolmatrie is underway. Delivery of the Prince’s Trust vocational training package 'Achieve' designed for post-
school young people in conjunction with The Prince’s Trust is planned. Development of curriculum-relevant 
content for school groups is ongoing and involves engaging additional part-time teaching resources. Course 
content includes science and sustainability-based coursework and learning and education materials related to 
resilience and mental wellbeing. 

Our feral-proof fencing and pest management continues to deliver greater than 90% survival rates for all 
plantings. We are installing additional water storage to help service the needs of the rare seed orchard and to 
capture water from the climate change-related high rainfall events. We have installed a solar array and batteries 
for the rare seed orchard with the assistance of ZEN Energy. 

Community involvement 

We have extensive knowledge of the local area and are partnering with and/or delivering sustainability 
education to a range of volunteer groups and schools. We work closely with the Ngarrindjeri confederation and 
Mark Koolmatrie in particular, and also with Alan Sumner, a Ngarrindjeri-Kaurna and Yunkanytjatjara artist and 
educator. We consult with other First Nations Groups, landowners, neighbours, and charitable NRM/planting 
groups in many aspects of the project including revegetation, water and fire management and weed 
management. We engage tradespeople from the local area.  

There has been a great response from both the local and broader community about what we are doing including, 
in particular, approaches from more than 20 Fleurieu Peninsula landowners who are keen to understand more 
about how we are approaching things and overcoming challenges. Our relevance is clearly demonstrated by the 
volume of interest in the project, from local volunteers to those offering advice on their experiences and 
challenges with habitat restoration. Many are keen to see the project be successful and to link up our work with 
theirs to bring about landscape scale change.  

We also deliver sustainability and resilience-based education to a wide range of state and private schools. Co-
development of course content with the schools is invaluable to ensure its relevance and effectiveness.  

Monitoring and evaluation 

A Monitoring and Evaluation Framework was established in 2020 to gauge the success of the project. The 
project’s impact, the effectiveness and efficiency with which impacts were able to be accomplished and the 
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suitability of the project to the needs of the local and regional community are recorded. This involves the use of 
a Planning Triangle to help us identify connections between the work we do and the difference it makes. The 
Planning Triangle enables us to generate a list of outputs by examining our objectives, which in turn describe 
our work. Our outputs meanwhile are the products and services The Forktree Project provides.  

Output indicators allow us to collect and keep track and report on the work delivered. Output indicators provide 
information about the outputs we delivered, who we delivered them to, and whether the end users were 
satisfied and thought our work was good quality. Outcomes are the changes that come from our work - the 
change we create and not just the work that we deliver. Ongoing monitoring enables us to adjust aspects of the 
way the project delivers against its goals and objectives to improve on project outcomes.  

A range of measurable criteria are reported to demonstrate the overall impact of The Forktree Project, including 
but not restricted to the following:  

�x completion of the native seed nursery and rare seed orchard  
�x number of native saplings grown in the on-site seed nursery (18,000 this year).  
�x completion of seed orchard infrastructure 
�x numbers of rare species grown in the seed orchard 
�x success rates of species grown and their distribution beyond Forktree 
�x number of tubestock produced for use on other properties 
�x numbers of Indigenous and non-Indigenous employees working in the nursery and orchard, 

the training they receive, and the long-term benefits associated with this 
�x educational programs delivered and feedback from the schools and students as to their 

effectiveness 

Summary 

The Forktree Project was founded in 2019 and is designed to be a showcase of what is possible in terms of 
habitat restoration, regenerative agriculture and improved land and water management. In addition to being a 
working demonstration project it also performs the important function of being a ‘stepping stone’ habitat 
between areas of remnant vegetation in a very denuded region and it provides ‘security populations’ of rare 
species. Demonstrator projects are a powerful way of showing best practices in action.  
 
Smaller rural properties such as Forktree constitute 75% of farm businesses in Australia. Although such smaller 
properties occupy <10% of Australia’s agricultural land, many are situated in coastal regions with good soil, 
rainfall and high biodiversity value, making them disproportionately high achievers in terms of potential for 
combatting both biodiversity loss and sequestering carbon dioxide. As such they are critical in helping achieve 
healthier rural landscapes at scale. 
 
Despite the Forktree Project being only 3.5 years old, we hope we have served as an action-focused example of 
what is possible in terms of both restoring habitat and showcasing sustainable practices. We welcome positive 
feedback and information exchange and would like to extend an open invitation for TREENET 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  
G&M Connellan Consultants 

 

Abstract 

Green infrastructure is an essential part of a city. Justifications include environmental, social and economic 
benefits, water management and climate mitigation. Terms such as sustainability and resilience are often 
attached to green space messaging, but what do these terms mean when planning and designing green 
infrastructure? Sustainability can be described as meeting current needs without compromising the ability of 
future generations to meet theirs, so is often focussed on not depleting essential resource inputs such as soil, 
water and energy. Understanding and providing for current and future needs is essential, and green space inputs 
need to be weighed against outputs that are relevant, defined and quantified. Each of the following elements is 
essential to delivering sustainable cities; they are examined in this paper to support progress toward sustainable 
green infrastructure:  

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

Sustainability: what does it mean? 

All urban green spaces are expected to be sustainable, but what does this actually mean? Whilst there are 
various descriptors of sustainability the origins of the definition are founded in the 1987 Brundtland Commission 
Final Report which defined sustainable development as: “development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs”. The sustainability approach 
is based on the ‘three pillars’: environmental, social and economic sustainability.  

The requirement that sustainable green infrastructure delivers services and benefits for the enjoyment of 
current citizens is core. Some reasons why green infrastructure’s services may not be delivered sustainably 
include: 

�x selected species do not provide their required function 
�x site constraints and conditions impact negatively on plant health and development 
�x soil water stress – low rainfall, drought, lack of water supply security 
�x scheme engineering failure – the built and natural elements may not function as intended. 

Sustainable green infrastructure delivers high value services that meets the needs of communities. Reducing, 
minimising or eliminating input resources is a strong feature of green spaces that are considered to have 
sustainability credentials. Resource inputs should ideally be minimised for efficiency, but they must be sufficient 
and appropriate to support the services that are to be delivered and sustained for such time as is needed for the 
green infrastructure to achieve its design life. By its very nature sustainability is a long-term 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 have been demonstrated and well 
reported in terms of their contribution to the liveability of our cities. These spaces and places come in a wide 
variety of forms including recreational grass surfaces, parks and gardens, urban trees, vegetated bioretention 
devices and green walls. These spaces have varying roles in the way they contribute to communities. In terms of 
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planning for increased greening in urban areas it is important that the services and benefits to be provided by 
green infrastructure are well defined, so they can be understood and considered in cost benefit analyses on to 
inform project scoping and design decision-making processes. 

There are many different ways in which vegetation provides services to communities and the environment. The 
physical characteristics of the vegetation directly influence the ways plant species interact with their 
surroundings. The particular functions required of vegetation should ideally be amongst the primary 
considerations during the initial scoping and planning stages for a green infrastructure project and these will 
inform regarding design of the space and the selection of plant species. The functions include: 

�x thermal – shading and cooling 
�x hydrology – rainfall retention (peak rainfall runoff reduced) 
�x water filtration and purification 
�x air purification – dust collection 
�x carbon sequestration 
�x playable surfaces – grass 
�x wind barrier 
�x enhanced landscape aesthetics (visual amenity) 

There will be many services and benefits to be provided by a new green space, however the primary services 
desired specifically for a project should be identified. In addition to providing guidance in the development of 
the optimum project design, identifying the primary services also provides a sound basis for monitoring and 
evaluating the green space’s effectiveness. When the green space services have been identified some of the 
physical plant characteristics needed to deliver these services can be considered, such as: 

�x the quantity of plants and the leaf area index needed to provide canopy cover or shade 
�x plant water use characteristics necessary to deliver cooling through evapotranspiration 
�x leaf surface type and area to intercept, redirect and store rainfall 
�x leaf surface properties to help to filter air and capture airborne particulates 
�x leaf surface type and appearance to suit human contact (active recreation) and to provide a desired 

amenity or windbreak effect.   

Water for urban green spaces 

Water deman d 

Maintaining vegetation health so that it provides the services required of it can involve significant amounts of 
water passing through the plant and its supporting systems. Ideally the required water would be sourced 
through rainfall, but in many parts of Australia 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 600 litres per day for each 100 m2 of 
grass. Significantly less water may be required by native landscape plantings, 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 green space services, a first step in planning to 
create or maintain them is to prepare a water budget. A water budget must include both seasonal and annual 
water consumption by the vegetation types used to deliver the services. In addition to informing the supply of 
the vegetation’s water needs, the water budget is used to evaluate the green space’s water performance 
following construction. Preparing a water budget by estimation requires that the water use characteristics of 
the vegetation, the landscape coefficient (Kc), and climate details including rainfall and evapotranspiration are 
known. The Kc is the ratio between reference evapotranspiration (ETo) and the evapotranspiration from a 
specific plant species. ETo data are available from the Australian Government’s Bureau of Meteorology; Kc 
values typically range from 0.20 to 0.90, as shown in Costello & Jones (2000) and Connellan (2013). 

Rainfall dependence  

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

1) optimise rainfall capture at the site by maximising infiltration and soil water storage 
2) divert local rainfall to the green space element, i.e. passive irrigation. 
3) active irrigation using harvested stormwater as an alternative (non-potable) water source 
4) active irrigation using potable mains supply where rainfall is inadequate and alternatives are not 

available. 

The first three processes meet sustainability objectives as they utilise water sources that are independent of 
potable mains supplies. In terms of meeting overall sustainability objectives, active irrigation using potable 
mains water requires comprehensive consideration of the value of the green space services it supports. If the 
value of services delivered by a green space is low, then irrigation with mains water may compromise the 
environmental and financial sustainability of the green asset and upgrading to increase its use (and therefore its 
value) may be justified if demand is sufficient. 

 
Climate change impacts on water supplies and plant water use  
 
Climate change has many negative impacts on the sustainability of urban landscapes. Higher air temperatures 
and extended dry periods increase evaporative demand so plant evapotranspiration rates will be higher. More 
frequent extreme temperatures will require additional water to be available at critical times. Long term climate 
scenarios for southern Australia for 2090 estimate annual rainfall will reduce in the vicinity of 10% and 
evaporation will increase by 9%. The combined effect of rainfall and evaporation is that the deficit will be 19% 
higher and so it can be expected that irrigation needs will increase substantially. Catchment harvesting yield is 
predicted to reduce by 21%, so there will be less harvested water available for green spaces. Tree species 
selections will need to be amended to maintain urban forest resilience during extreme temperatures and 
extended dry periods; this process has already begun (Kendal and Baumann, 2016).  

Water quality 

Australian cities have traditionally used high quality drinking water for all applications including personal health, 
cooking, and non-personal uses such as car washing, irrigation and industrial use. The concept of ‘fit-for-purpose’ 
water sources has been adopted in recent years, to reduce consumption of potable mains water through the 
increased use of alternative supplies of appropriate quality for the application. Potable water is in limited supply 
and is energy-expensive to produce and pump, particularly if produced through desalination. Potable mains 
water should be reserved for applications that need high quality water, such as human consumption. 

Alternative water sources are potentially available to help reduce demand on potable supplies, including 
recycled water, stormwater, and bore water. Whatever alternative source is considered it must satisfy a range 
of criteria to be deemed suitable for a green space project. Water quality is a key consideration. Water quality 
can be considered in terms of chemical, physical and biological quality. 

Physical water quality issues such as suspended matter can impact the operation of irrigation systems. 
Particulates suspended in alternative water sources can increase wear in valves and sprinkler mechanisms and 
can cause blockages. Filtration can prevent these issues, but this can add to construction and ongoing 
maintenance costs.  

The soil hydraulic properties and drainage (hydraulic conductance) are important considerations when assessing 
the potential to use alternative water supplies. Sports turf soils, with their generally good drainage properties, 
can utilise alternative water sources with higher salinity as the salts can be leached from the soil by rainfall. Fine 
soils like clay and silt have lower drainage rates so salts can accumulate to a level where they affect soil and 
plant health.  

Plants are sensitive to many chemical elements and compounds that are commonly found in some alternative 
water sources. Chemical effects range from direct toxicity to sensitive plant species to effects on plant processes 
resulting from the progressive build-up of specific elements or compounds. In addition to chemical response 
issues, some water-borne biological organisms can impact plant health and be harmful to humans. Cumulative 
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effects in soils may be problematic, depending on the element or compound, the soil type, and 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 Sensitive Urban Design (WSUD) elements 
provides many benefits and meets sustainability objectives. Both water quality and water quantity objectives 
can be achieved through this integrated green infrastructure. Vegetated WSUD elements combine engineered 
structures and natural, plant-based systems. It is challenging designing these combined systems so they function 
effectively across a wide range of soil, vegetation and weather conditions including flood and drought. 

Soil media in green infrastructure systems are required to perform several functions simultaneously, including 
filtration, water treatment, and providing support for plant root systems, trees and potentially engineered 
structures like roads and footpaths. To function effectively and reliably, and deliver the intended services, WSUD 
devices need to be well designed for the particular site conditions, installed according to design and 
specification, and they need to be appropriately maintained. WSUD systems that are poorly designed, built or 
maintained can and do fail.  

A total of 95 WSUD assets were audited as part of an investigation into the performance and status of these 
systems in Victoria (Melbourne Water 2017). The assets included 57 vegetated bioretention systems, 25 tree 
pits and 13 wetlands. Properties assessed included hydraulic performance, sediment accumulation, plant 
density and plant health. Using vegetation cover as a criterion it was found that 30% 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 major factor influencing their performance 
and aesthetics. Achieving sustainability with these systems requires adequate ongoing resourcing for 
maintenance. The performance of WSUD systems was questioned at the State Conference of Stormwater 
Victoria at Geelong in June of 2022. The response to the question ‘Do you believe that bioretention systems 
typically provide a sustained, effective stormwater treatment function consistent with their design intent?’ was 
detailed in a presentation at the conference. This question had been asked originally at an Ocean Protect 
webinar on 3rd February 2021. In answering the question, 45% of respondents replied ‘yes’ and 55% replied ‘no’ 
or that they were unsure. These responses indicate either a lack of knowledge of vegetated WSUD systems or 
of their design intent, or low confidence in their capacity to sustain their intended services. 

Water for green space sports grounds 

Providing active recreation areas in Australia using grass can be expensive in terms of water requirements. 
Across many parts of the country turf grass pitches and ovals require significant supplementary irrigation to 
maintain a playable surface. In southern Australia a grass sports surface requires around 250 litres per player 
hour to maintain a playable field for football or cricket. That is, for every hour each sports person is on the 
ground an irrigation volume of 250 litres is required, in addition to significant agronomic and other resources 
such as fertilizers and plant health chemicals. 

Balanced against these high resource inputs are the values of the benefits derived from providing sports 
facilities. These include not only the health benefits of individual participants but also the social benefits derived 
by those involved in or connected with the sport and the activities of the clubs or associations. The value of 
viable sporting facilities in rural areas was highlighted during the Millennium drought (2001 to 2009). Community 
wellbeing was seriously impacted, including in the area of mental health, if playing surfaces such as sports 
grounds were not maintained and functional. Evaluating these spaces in terms of their value and sustainability 
needs to account for the full scope of services and benefits they provide to communities. 

Urban forest water requirements 

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

Current urban forest strategies aim to achieve significant increases in canopy cover over coming decades, with 
some areas aiming for 15% increase. For a medium size suburb, say 10 km2, this increase represents 1.5 million 
m2 of additional canopy. In terms of total water demand, assuming medium water usage rate tree species in a 
climate similar to Melbourne, this increase in canopy cover would require around 400 mm of evapotranspiration 
per square metre of foliage. The increase of 1.5 million m2 of canopy area would, therefore, require an additional 
600 ML of water to be drawn from tree root zones each year – a large amount for an average size suburb. Much 
of this will be provided by rainfall, with additional stormwater directed to trees via passive irrigation, and in 
some situations active irrigation may be required. Planning urban forests to ensure that the increased canopy 
area can be supported is essential, and this will be a significant sustainably challenge. 

Woody meadow 

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

�x they have substantial aesthetic appeal – foliage and flowering 
�x vegetation growth excludes weeds 
�x they are low maintenance – coppicing every 1 to 3 years 
�x they help to mitigate urban heat island effects 
�x they conserve biodiversity and enhance habitat 

Resilience is a characteristic feature of a woody meadow. The use of hardy Australian native species increases 
the likelihood that the planting will survive extreme climatic conditions and that supplementary water 
requirements will be restricted to the establishment with no ongoing irrigation required. While still largely 
experimental the woody meadow concept is currently being evaluated 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 sustainable green space are presented below. 
These strategies focus on water requirements; other related sustainability strategies 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 new trees establish and grow, the 
available soil volume and resources in small pits become limiting and restrict the development of the tree. The 
size of tree that a particular site can support is dependent on the soil volume available for root extension and 
development, and tree resilience is limited by resource availability which in many ways is dependent on available 
tree soil root volume. Important work in recent years has focussed on provision of adequate soil volumes for 
trees to enable their growth to maturity so they can deliver their substantial benefits. The methodology for sizing 
of soil volumes presented by Haege (2020) represents significant progress that will support urban forestry well 
into the future. Soil volume limits naturally accessible soil water capacity. In situations where soil volume is a 
limiting factor, the provision of irrigation can support larger trees. 

Soil water banking  

Soil is a major water receptacle that can be better utilised for storage to meet the water needs of urban 
vegetation. The volume of water that can be stored in the deeper soil layers is large. Soil storage is traditionally 
considered to be the water available in the active root zone of the irrigated green spaces. This applies to shallow 
rooted vegetation such as turf grasses, where 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 vegetation with access to deeper 
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soil water, such as trees and large shrubs with sinker roots, the depth of soil root zone storage may extend 
beyond 1 m. 

An investigation into the use of drip irrigation to supply water to stressed parkland trees in Melbourne CBD was 
reported by May et al. (2013). Whilst the drip system delivered water during the summer and autumn of 2009, 
the supplied water was found to be inadequate to meet the tree’s needs as soil water content was close to 
permanent wilting point at some sites. A subsequent investigation used the drip system to replenish soil water 
content late in the winter. This 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 of the drip line and through the sandy A 
horizon into the clay B horizon to depths of up to 800 mm. The recharging of the soil water using drip irrigation 
during winter was shown to increase soil moisture levels in the tree root zones. 

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

Supplementary watering intervention – Tree health ladder  

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

One key question regarding supplementary irrigation for established trees is: at what point should water be 
applied to ensure the survival of the tree? The deaths of many hundreds of street and parkland trees in 
Melbourne during the Millennium Drought showed the results of responding too late or of applying inadequate 
amounts of water to make a difference. A tool developed by the City of Melbourne, a Tree Health Ladder (May 
et al. 2013), now guides the application of supplementary watering. There are four stages in the Tree Health 
Ladder: 

1) Healthy tree 
2) At Risk tree 
3) Declining tree 
4) Dead tree. 

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

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

Efficiency of water use  

Efficiency of water use is a productivity measure. The yield or services that are produced by green space are 
relative to the water inputs. The conversion of sporting grounds from cool season grasses to warm season 
grasses is a good example of efficiency gains in terms of water use, with similar performance from the grass 
surface achieved with significantly reduced water inputs. The redesign of a landscape from plants with high 
water demand to one with vegetation which requires less water is another example, provided the desired 
functions of the green space are sustained.  

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

Irrigation efficiency  

For actively irrigated sites the measure of irrigation efficiency is the proportion of water that is taken up and 
used by the plant relative to the amount of water applied. Optimising irrigation efficiency requires attention to 
the method of water application and scheduling of water delivery. Application efficiency is achieved when the 
water is applied so it reaches and is detained in the plant root zone with minimal loss. Scheduling efficiency 
requires that an appropriate volume of water is applied so that it is available to the plant when needed, with 
minimal loss.  

Achieving overall high irrigation efficiency needs well-designed and managed systems that deliver water where 
it is needed when it is needed. This means balancing the needs of the vegetation type, the properties of the root 
zone soil, and the performance of the irrigation system to the preceding, prevailing and anticipated weather 
conditions. An irrigation system that has a high application efficiency must be astutely managed to achieve 
overall irrigation efficiency and support green space service delivery. Irrigation controllers with inbuilt weather 
monitoring and options for multiple sensor inputs (i.e. ‘smart controllers’), support reliable irrigation scheduling 
and application. 

Assessing whether irrigation was efficient or not requires examination of the conditions that existed during the 
irrigation season. The primary question is how much water was applied compared to how much should have 
been applied? This measure is called the Irrigation Index (Ii). The methodology for the determination of Ii is 
described in Connellan (2013).The irrigation index takes into account the actual water demand based on crop 
coefficient values (Kc), rainfall, evapotranspiration (ETo) and irrigation efficiency. The target value is Ii = 1.0. 
Values greater than 1.0 indicate over-watering and less than 1.0 potentially indicate under-watering. There are 
other efficiency measures, such as Distribution Uniformity (DU), however these relate to the application 
efficiency of the irrigation system and not the overall irrigation efficiency which 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 these services is a foundation of 
sound planning for sustainable infrastructure. To make the business case for a green infrastructure project the 
input quantities and their costs and the services delivered (outputs) and their value must be quantified. A review 
of the benefits of green space and quantification of their value was detailed in the City of Melbourne Report 
titled Quantifying the Benefits of Green Infrastructure in Melbourne (Jones et al. 2018). The review focussed on 
green roofs, green facades and green walls; it described the main benefits as being stormwater management, 
cooling cities (mitigating the UHI effect), biodiversity conservation, and contribution to human health and 
wellbeing.  
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The value of green space schemes that provide water treatment services have been aided by pricing attached 
to removal of nitrogen and other pollutants in some states. It was shown that nitrogen removal could provide 
an economic benefit of AUD $200 per tree in an urban catchment in the City of Melbourne. Jones et al. (2018) 
also identified additional benefits that should also be considered, including public and private benefits across 
local, city-wide and global scales, and provided summary details for investigations covering stormwater, cooling, 
biodiversity and health and wellbeing. Knowledge gaps in quantifying green space benefits were also noted.  

Environmental and economic benefits available through rainfall interception by trees have been reported by 
Baptista et al. (2020). Thermal insulation properties of some green roofs have the capacity to justify investment 
through reduced energy consumption, potentially realising energy savings of 3% to 5% at the whole-of-building 
scale. The economic benefits of many other green space services such as health and recreation activities may 
not be as well defined and quantified, as detailed in Rowe et al. (2021). 

Conclusion 

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

The COVID-19 lockdowns and previously the widespread deterioration of public green space during the 
Millennium Drought have heightened awareness and appreciation of the benefits of green infrastructure. This 
awareness presents us with an opportunity and a challenge. The opportunity is to progress sufficient provision 
of quality, connected, public green space. The challenge is to capitalise on this current heightened awareness 
and appreciation (i.e. value) to ensure continued investment in green infrastructure.  

A key factor in sustainable green space provision into the future will be the collection of data needed to assess 
its performance and value. Data are required to inform both sides of the equation if we are to make sound 
business cases for investment in green space. Input data needed include the total resource inputs used in 
construction and operation of green space and its maintenance systems, its water budget and actual water use, 
and its sources of water. Output data needed include the type and number of services delivered, e.g. the number 
of visitors and the time they use the facilities for passive recreation, the number of teams that use the site for 
more active pursuits and the number of matches/games held per week or per year. Environmental metrics on 
the output side of the equation might include local air temperature at the irrigated 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 open exchange of information and 
experiences, good and bad, that inform the multi-disciplinary teams responsible for planning and developing 
green infrastructure. Only through information sharing can we progress toward sustainability and deliver green 
space benefits for current and future generations. As they are dynamic and complex systems with living and 
built elements, green space and green infrastructure monitoring and assessment must be ongoing for the long 
term. As with built assets, green infrastructure’s living natural elements must also achieve their full asset life to 
sustainably deliver their services. To deliver financially and environmentally sustainable green infrastructure its 
designers, builders and operators must consider it from a long-term perspective; the equation must balance 
now and into the future.  
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