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Hub Leader Certification
As Hub Leader, I certify that I have taken adequate steps to reasonably assure myself that:
• each required report component is attached;
• the contents of each component of the report is complete and accurate in all material
respects;
• funds have been used for the purpose for which they were provided and all funding conditions
have been met, Recipient and Other Contributions have been received, and appropriate
oversight has been maintained of Hub projects, their progress, performance and budgets
during the reporting period;
• all relevant risks to project delivery have been notified to the Department in this and previous
reports and that appropriate steps are being taken to manage those risks;
• the Hub and its sub-contractors have current workers compensation and public liability
insurances, as required under the Funding Agreement; and
• any carryover of project funds has been allocated to projects in the next reporting period or
financial year in accordance with the approved Research Plan or funds identified for refund to
the Department.

Signed:
Hub Leader Name: Professor Kirsten Parris
Date: 19/05/2020

Hub Steering Committee Chair Certification:
As Steering Committee chair, I certify that any issues of concern or matters raised during
Steering Committee meetings where the draft progress report was discussed have been
adequately resolved, amended or incorporated into the final report submitted to the Department.

Signed:
Hub Steering Committee Chair Name: Dr May Carter
Date: 19/05/2020
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Letter from the Hub Leader
Reflecting on 2019 from the position of April 2020 is a strange
experience. Given the current COVID-19 pandemic and the
associated transformation of our everyday lives, it would be easy to
look back on 2019 as a relatively carefree time when life was easy,
normal, predictable. But in reality, 2019 was a tumultuous year for
the Australian environment, starting with mass fish kills at Menindee
Lakes and finishing with catastrophic bushfires. Along the way,
prolonged drought left many towns without drinking water; dust
storms and bushfire smoke exposed millions of people in Sydney,
Canberra and Melbourne to the worst air quality in the world;
extreme heat events broke records around the country. The way
Australians experienced our environment – including the urban environment – changed. No longer
could we take for granted the basic conditions needed to live healthy lives: clean air, access to
clean drinking water, ambient temperatures that allow us to be active outdoors without risk.
Further, the importance of urban areas for native biodiversity became more apparent as large
swathes of forest burned and distressed animals sought refuge in our cities and towns.
These circumstances highlight the value of research, communication and outreach activities to
improve urban environments in Australia, both for people and for the many other species that
share our cities. The CAUL Hub brings a multi-disciplinary perspective to urban research,
considering indoor and outdoor air quality, the built infrastructure of cities, urban greening and
nature-based solutions to environmental challenges, and the conservation of biodiversity including
threatened species. A significant part of our work relates to human health in urban environments,
and how this is influenced by factors such as air pollution, transport systems, urban heat and
access to open space. We have also sought to highlight cities as Indigenous places and to make
space for Indigenous voices in the conversation about how to make Australian cities better, in the
face of changing climatic conditions and a raft of other environmental challenges. The CAUL hub
works with a variety of end-users across all levels of government, as well as with built-environment
professionals and community groups around the country. This reflects the complex way that urban
spaces are governed in Australia, and the importance of both public and private land tenures for
ensuring good environmental outcomes in our cities.
2019 saw the completion of a special issue on air quality in New South Wales in the journal
Atmosphere: 20 open-access papers on the CAUL Hub’s air-quality research, including the
overview paper, ‘A Clean Air Plan for Sydney’. This body of work considers many factors that
influence air quality, including anthropogenic emissions of particulate matter from vehicles, wood
heaters, transport and industry; biogenic emissions such as sea salt, dust, and volatile organic
compounds (VOCs) from vegetation; smoke from hazard-reduction burns; and the accumulation of
particulate matter by trees and moss. This research has already led to improved air quality
modelling, monitoring and forecasting and informed government strategies on climate change,
transport and energy in Sydney.
The NSW Department of Planning, Industry and Environment (DPIE) partnered with CAUL
researchers on many aspects of this work, ensuring a direct link from the research into government
policy and program areas. The increased awareness of air quality in Sydney arising from this cocreated work has seen further consideration of air quality in NSW Government strategies such as
the Net Zero Plan, Future Transport 2056 and the NSW Electricity Strategy. Papers in the special
issue have already received more than 13,500 full-text views, demonstrating the quality of and
broad interest in this work. Dr Hugh Forehead presented CAUL’s air-quality work via a very
successful webcast to DoEE staff in Canberra on World Environment Day, 2019.
The CAUL Hub continued its focus on co-created and Indigenous-led research and practice in
2019. A highlight was The Living Pavilion (1-17 May), an Indigenous-led, temporary event space
on the University of Melbourne’s Parkville campus. The Living Pavilion featured a landscape
design of 40,000 Kulin Nation plants donated by one of the event’s many industry partners,
EcoDynamics, and a program of 40+ events that celebrated Indigenous knowledge, ecological
science and sustainable design through participatory arts practice. Social research conducted as
part of The Living Pavilion revealed that the event increased visitors’ understanding of the site as
an Aboriginal place, and established a strong connection with the cultural and ecological
April 2020
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knowledge showcased. The impact of the three-week event has been far-reaching: connecting the
community with cultural and ecological knowledge, sparking huge demand for information on
Aboriginal perspectives of biodiversity, and influencing plans for a new world-class student precinct
at the University of Melbourne.
CAUL Research Fellow and Barkandji woman, Zena Cumpston, was one of three co-producers of
The Living Pavilion, along with Dr Tanja Beer and Dr Cathy Oke. Zena’s research into the cultural,
medicinal, nutritional and technological uses of the plants on display was communicated to visitors
on beautiful signage throughout the site. The Living Pavilion attracted more than 2,000 people over
the 17 days of the festival. Zena has already connected decision-makers with this knowledge
through a series of talks and workshops at early-learning centres, schools and local governments
in 2019. The Living Pavilion also received significant media coverage. More details of the event
and its outcomes can be found in The Living Pavilion Research Report.
The CAUL Hub would like to acknowledge the Traditional Custodians of the land and waterways
on which The Living Pavilion took place, the Wurundjeri peoples of the Woi Wurrung language
group, part of the greater Eastern Kulin Nations. We pay our respects to Wurundjeri Elders, past,
present and emerging. We honour the deep spiritual, cultural and customary connections of the
Traditional Custodians to the land on which The Living Pavilion was located. We acknowledge that
this land, of which we are beneficiaries, was never ceded. We are also grateful for the contributions
of many First Peoples involved in the project and their generosity in sharing their culture and
knowledge.
In November 2019, the CAUL Hub launched the Three-Category Approach toolkit – a workbook
and associated workshop to guide non-Indigenous researchers and practitioners in supporting
Indigenous-led research and creating space for the co-design of projects. The first two workshops,
held in Melbourne and Canberra, were a great success. A special thank you to Yorta Yorta woman
Kirstine Wallis and Yuggera man Ben Wilson for facilitating these workshops with such skill and
enthusiasm. The City of Melbourne has approached the Hub and pre-booked a workshop for its
design team, showing how the toolkit is already in demand. The approach can be applied to a wide
range of areas, including Reconciliation Action Plans, academic research, policy and practice. We
are currently considering how we may be able to present the Three-Category Approach workshop
in an online format, given current restrictions on face-to-face gatherings.
In December 2019, the CAUL Hub led a special session at the State of Australian Cities
Conference: ‘Improving our understanding of clean, healthy urban environments’. Key topics
covered included climate-change mitigation, resilient built environments and the relationship
between vegetation and urban heat. This last project led to the launch of the Shadeways Digital
Platform, co-created with the City of Bendigo in regional Victoria. Shadeways uses images from
Google Street View and heat imagery from satellites to show which routes through the city are
cooler for walking and cycling. Shadeways has already been used more than 6,000 times and is
attracting interest from other cities. Another digital platform, the CAUL Urban Wildlife app, is
engaging with citizen scientists across its four modules – including the most recent addition on
possums and gliders, a collaboration with the NESP Threatened Species Recovery Hub. In 2019,
CAUL and TSR researchers ran workshops and events in Western Australia, Victoria and
Tasmania, engaging urban dwellers with the biodiversity in their own neighbourhoods.
I expect many highlights in 2020 as we complete the last year of the Hub’s research and
engagement activities, including an e-book to showcase CAUL’s achievements and translation
activities across the urban sphere, and a series of roadshow meetings to report back to our many
end-users around the country. Specific highlights will include a set of guidelines for green-blue
space governance in urban environments; increased application of liveability indicators in
Australian capital and regional cities following the recent launch of the Urban Observatory digital
portal; a final report on conservation opportunities for threatened species in cities; a synthesis
piece for policy-makers and educators on engagement with Indigenous knowledge systems in an
urban context; a report on the social and biological values of residential street verges; and
preliminary analyses of air-quality from the collaborative project at Cataract in NSW, including
detailed analyses of the composition of bushfire smoke. I look forward to sharing these highlights.
Kirsten Parris
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Research
Progress towards outcomes
Activity Outcome 1: Air quality and air pollution
This activity outcome focuses on the measurement and modelling of air pollution, including the
impacts of air pollution on human health. It also focuses on ways to reduce air pollution in our cities
and therefore improve air quality. Progress towards this outcome in 2019 included publication of a
special issue of the journal Atmosphere, which features 20 open-access papers on the CAUL
Hub’s air-quality research in New South Wales, including A Clean Air Plan for Sydney. Through
collaboration with the NSW Department of Planning, Industry and Environment, this work has
already led to improved air-quality modelling, monitoring and forecasting in Sydney. It has also
informed government strategies on climate change, transport and energy for Australia’s largest city
(the Net Zero Plan, Future Transport 2056 and the NSW Electricity Strategy).
The CAUL Hub’s work on indoor air quality in 2019 included research on the prevalence of
fragrance sensitivity in the human population and improvements to indoor air quality gained by
removing air fresheners from workplace bathrooms. Many fragranced products emit volatile
organic compounds that can be harmful to people’s health. Approximately 30% of the population is
affected, experiencing symptoms such as migraine headaches, respiratory difficulties and asthma
attacks. Emissions from fragranced products used indoors can also migrate outdoors and
contribute to the formation of urban smog. This research has been translated into two factsheets
for the general community available via the CAUL Hub website: ‘Fragranced Laundry Products and
Air Quality’ and ‘Air Fresheners and Air Quality’. While operating ahead of regulation in many
jurisdictions, this work has helped thousands of people in Australia and internationally, as
demonstrated by the feedback that Professor Anne Steinemann has received. This research has
led to changed practices in homes, workplaces and public spaces and has been used by a range
of agencies and institutions including Safe Work Australia, City of Townsville, Canberra Hospital,
the California Department of Public Health and the US Environmental Protection Agency.
Activity Outcome 2: Research to improve liveability and environmental quality in urban
areas
This activity outcome includes a diversity of research that will improve the liveability of our capital
and regional cities and lead to better environmental conditions in urban areas across Australia.
Progress towards this outcome in 2019 included liveability assessments for a range of regional
cities in Victoria; a study of the benefits provided to residents by an informal greenspace in
Melbourne; and guidelines for how urban planning can contribute to the provision of ecosystem
services in cities via nature-based solutions. Liveability scorecards for regional cities such as
Bendigo, Launceston and Albury are now available via the newly launched Australian Urban
Observatory, which provides maps of key indicators that are associated with human health and
wellbeing. The Observatory provides decision-makers in cities with information and understanding
to support resource allocation, future policy action and support to create more equitable
communities.
Activity Outcome 3: Greening, biodiversity and ecological improvement of urban
landscapes
This activity outcome focuses on research to increase urban greening, biodiversity and the
conservation benefits of urban landscapes. Progress towards this outcome in 2019 included an
analysis of conservation actions for 39 EPBC-listed species whose geographic ranges are
restricted to urban areas; a before-and-after study that identified significant social and ecological
benefits of pop-up parks; and successful engagement of thousands of visitors to The Living
Pavilion festival with ideas of biodiversity and Indigenous place in cities. The CAUL Hub’s work in
this arena has increased recognition of urban environments as valuable places for biodiversity,
including threatened species, as reflected in policy documents such as Australia's Strategy for
Nature 2019-2030. Outcomes of The Living Pavilion include changes to the landscape design for
the new student precinct at the University of Melbourne: increased greenspace, additional
April 2020
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emphasis on indigenous plantings and a plan for a wetland that will bring a section of the buried
Bouverie Creek back to the surface.
CAUL hub research into canopy cover in our major cities featured in the production of
Infrastructure Australia’s Australian Infrastructure Audit 2019 (June 2019). The Audit includes
green infrastructure for the first time, with CAUL’s canopy-cover data highlighting the role urban
forests play in our cities, and the challenges and opportunities facing this critical infrastructure.
Activity Outcome 4: Incorporation of NESP research into the development and
implementation of on-ground environmental programs
This activity outcome focuses on the application of the CAUL Hub’s research to on-ground
environmental programs and activities. Progress toward this outcome in 2019 included a range of
activities associated with the CAUL Urban Wildlife app, a mobile application designed to engage
citizen scientists with their local biodiversity across four taxonomic groups (frogs, beneficial insects,
flying-foxes and possums and gliders). This app allows users to undertake timed surveys of insects
and frogs, as well as to make incidental observations of the other groups. In 2019, a series of
workshops with community groups used the beneficial-insect module to monitor pollinator
observatories at public parks in Melbourne, while workshops in Western Australia and Tasmania
engaged users with bell frogs and possums. As of December 2019, citizen scientists had used the
app to collect more than 3,000 wildlife records.
Indigenous engagement and participation
The CAUL Hub also continued its program-leading focus on developing Indigenous-led research
and practice. In addition to The Living Pavilion festival (described above), we launched the ThreeCategory Approach toolkit in November 2019. Developed by Indigenous researchers, this resource
is designed to build cultural awareness and collaboration with Aboriginal and Torres Strait Islander
peoples and organisations. The first two of four planned workshops ran in Melbourne (November)
and Canberra (December), facilitated by Yorta Yorta woman Kirstine Wallis and Yuggera man Ben
Wilson. These sell-out events were well received by participants, who included academics, public
servants, landscape architects and other professionals involved in urban planning and design. In a
post-event survey, participants highlighted that the workshop has changed the way they think
about their work and how they will approach communication, collaboration and co-design with
Indigenous people in the future.

Research projects
Attachment A lists the projects funded under the Clean Air and Urban Landscapes Hub and
provides information on the project status, information on outputs and links to products for all
projects (where available). Exceptions to the NESP Data Management and Accessibility Guidelines
are also noted here.
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Performance against milestones
Performance against Funding Agreement Milestones
All milestones for the period and to date have been met as per Funding Agreement Milestones
1-24.

Performance against the Research Plan milestones
Information on project progress and performance is provided in Attachment A.
Major research milestones completed in 2019 include:
•
•
•
•
•
•

Publication of the CAUL Hub’s air quality research to date (including the Clean Air Plan for
Sydney) in a special issue of Atmosphere;
A report demonstrating the net change in urban green cover between 2014 and 2018 in the
greater Melbourne metropolitan area;
Neighbourhood liveability assessments for several regional Victorian cities and shires;
A report incorporating a national inventory of local actions for urban biodiversity
conservation, with further recommendations for Indigenous engagement on actions for
urban biodiversity conservation;
The successful completion of The Living Pavilion; and
Further work on the impact of indoor air pollutants on air quality and health, including four
peer-reviewed publications.

There were 86 research milestones in Research Plan Version 5 with delivery dates in 2019, of
which 4 milestones (2 in each of Projects 3 and 5) were extended into 2020 with approval from the
Department, due to several researchers taking maternity leave. Of the remaining 82 milestones, 52
(63%) were delivered on time; 14 (17%) were delayed and granted new milestone-completion
dates in 2020 (in Research Plan version 6); and 16 (20%) were delayed outside the RPv6 planning
process (for details, see Table 1).
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Table 1: CAUL Hub Performance against research milestones – Annual Progress Report 5
Project

Milestone Original
Milestone

Due date
RPv6

Revised
delivery date

Why the change is
required

Milestone change
(if applicable)

Outcomes from consultation with
end-users in relation to the changes

3.8

38

Guidelines for
green-blue space
governance
released and
promoted
(workshops,
seminars etc.)

31/12/2019

30/06/2020

N/A

This research has already been
disseminated via presentations at
end-user workshops, seminars and
conferences. End-users have been
consulted; they are happy with the
detailed information already supplied
and look forward to receiving the
summarised information in the form
of factsheets. There are no budget
implications.

4.2

10

Report on the
dynamics of
greening loss and
gain across the
metropolitan
areas of Perth,
Melbourne and
Sydney

31/12/2019

31/07/2020
(Submission
of final draft
to
department
for review)

Research for this
milestone has been
completed;
extensive
consultation with
stakeholders
(government,
NGOs and
community groups)
has delayed
completion of the
factsheets.
The substance for
this report has
been produced in
several key enduser focused
reports (NSW and
VIC state
government).
There has been a
delay in finalising
this synthesis
report due to the
focus on producing
targeted reports to
meet specific enduser needs.

N/A

We presented this work to the City
Deals team in March 2020. We also
provided data and analysis to
Infrastructure Australia for the Audit
of Australian Infrastructure (Feb
2019) - complete. The end-users
most likely to be impacted by delays
(as identified by the researchers)
have been consulted, and there are
no budget implications.
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4.2

11

Use vegetation
benchmarks and
change dynamics
for metropolitan
Perth, Melbourne
and Sydney and
derive indices that
are suitable for
communities

31/12/2019

31/07/2020

4.3

9

Submission of
journal article
describing
conceptual
framework of
regional/rural
liveability

31/12/2019

31/07/2020

5.4

28

Prepare and
31/12/2019
submit a paper on
the ‘effects of
urban green space
habitat type on
insect
biodiversity’ using
The Little Things
data

31/07/2020

April 2020

The benchmarks
and vegetation
analysis for this
milestone have
been completed
and included in
reports for the
NSW and VIC state
governments, and
in academic papers
focusing on Perth.
A synthesis of this
work will be
reported in the
synthesis report
under milestone
10.
This work has been
delayed by the
delivery of a series
of reports for
specific end-users;
the journal article
will synthesise the
results presented
in these reports.
This work has been
co-designed with
engaged end-users
to ensure that the
output is fit for
purpose. However,
allowing sufficient
time for their input
CAUL Hub Annual Progress Report 5

N/A

Presented work to City Deals team
March 2020. Infrastructure Australia
data and analysis provided and
complete. The end-users most likely
to be impacted by delays (as
identified by the researchers) have
been consulted, and there are no
budget implications.

N/A

The end-users most likely to be
impacted by delays (as identified by
the researchers) have been
consulted, and there are no budget
implications.

N/A

The end-users most likely to be
impacted by delays (as identified by
the researchers) have been
consulted, and there are no budget
implications.
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has taken longer
than anticipated.
5.4

41

Report on the
impact of the
chytrid fungus on
populations of
motorbike frog
from WA

31/12/2019

31/05/2020

6

2

Prepare and
submit a
perspectives
paper on
understanding,
quantifying and
qualifying the
social, cultural
and biodiversity
benefits of urban
greening

31/12/2019

30/06/2020

April 2020

This collaborative
project has taken
longer to complete
than anticipated,
given complexities
of field work across
a diversity of sites
in the greater Perth
region. Research
now complete;
summary report in
preparation.
Difficulties
associated with the
Upper Stony Creek
project slowed
progress on this
paper. Draft
recommenced in
March 2020.
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N/A

The end-users most likely to be
impacted by delays (as identified by
the researchers) have been
consulted, and there are no budget
implications.

N/A

This is related to work from
Milestone 18 (RPV5) and Milestone
28 (RPV6) and has been shared with
Brimbank City Council and City West
Water. This perspectives paper is
intended as a synthesis of various
elements of Project 6. No end-users
are affected by this delay and there
are no budget implications.
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6.3

21

Workshop with
Upper Stony
Creek partners to
discuss future
research postgreening

31/12/2019

April 2020

Unachievable
due to
external
factors.

Scoped potential
workshop dates
with partners in
April 2019 and held
a preliminary
workshop in May
2019, draft
proposal
developed. Partner
workshop delayed
due to asbestos
contamination, all
works halted mid2019, partner
funds exhausted.
Partner attention
diverted to seeking
further funds for
remediation. Site
works resumed
November 2019
with Vic Govt
funds, with revised
completion date of
June 2020.
Greening expected
to be complete
October 2020 with
the site open after
this date. Original
milestone was kept
in RPV6, expecting
it could be met.
However little
likelihood of its
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This milestone
cannot now be met
due to external
factors (asbestos
contamination at
the Upper Stony
Creek site, and now
COVID-19-related
delays to
construction, mean
that a workshop
post-greening is
now not feasible
within the
timeframe of
CAUL).

Brimbank City Council and head of
the USC Steering Committee
contacted regularly throughout 2019
(Feb, March, April, Aug) and 2020
(Jan, Feb). He accepts that the
workshop and future research postgreening cannot be achieved for the
original site. Moreland City Council
contacted regularly throughout 2019.
Agreed to inclusion of Shiels Reserve
in CAUL and social and ecological
data collection. As resources for this
workshop were delayed to the Shiels
Reserve work, there are no budget
implications.
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completion now
due to site delays,
exhaustion of
partner funds, and
additional
complications from
COVID-19.
Resources and
effort directed to a
new site (Shiels
Reserve).
6.3

22

Submit a paper on
the social science
findings pregreening

31/12/2019

30/06/2020

7.1

7.1.5

Modelling
framework
complete, report
written

31/10/2019

8/05/2020

April 2020

Difficulties
associated with the
Upper Stony Creek
project slowed
progress on this
paper. Interviewdata analysis and
literature review
are almost
complete, and a
target journal has
been selected.
This milestone was
delayed by
difficulties
obtaining all the
necessary data for
the modelling
framework.
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N/A

The end-users most likely to be
impacted by delays (as identified
above) have been consulted, and
there are no budget implications.

This milestone has
now been
delivered.

The end-users most likely to be
impacted by delays (as identified
above) have been consulted, and
there are no budget implications.
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7.1

7.1.6

3.8

39

5

16

5.3

38

7.3

7.3.8

Testing of
modelling
framework
complete, report
written
Academic paper
on green-blue
space governance
submitted
Develop and
deliver protocol
for identifying
charismatic
species for
bringing nature
back into cities
Establish further
partnerships with
end-user groups
to collect data
using the urban
wildlife apps
Journal article
written and
submitted

31/12/2019

7/07/2020

This delay is due to
the difficulties
outlined above.

N/A

31/12/2019

This milestone was
delivered on time.

31/12/2019

This milestone was
delivered on time.

31/12/2019

This milestone was
delivered on time.

1/12/2019

This milestone was
delivered on time.

The end-users most likely to be
impacted by delays (as identified by
the researchers) have been
consulted, and there are no budget
implications.

Other delayed milestones, not explicitly highlighted by DAWE, that are being actively managed by the Hub
4.5

1

Workshop with
stakeholders to
decide on scope
and contents of
project

31/12/2019

April 2020

30/06/2020

This workshop has
been delayed due
to ongoing
consultation with
additional
stakeholders,
including Greener
CAUL Hub Annual Progress Report 5

N/A

The end-users most likely to be
impacted by delays (as identified by
the researchers) have been
consulted, and there are no budget
implications.
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Spaces Better
Places (formerly
202020 Vision) and
local governments.
4.5

3

Produce a
publication or
prospectus for
local government
on maintaining
and increasing
greening

31/12/2019

30/06/2020

5.3

14

Submit an article
describing our
integrated citizen
science
framework and its
applications to a
peer-reviewed
journal

31/12/2019

31/07/2020

5.4

45

An initial
assessment of the
impacts of urban
noise on acoustic
communication in
bell frogs in Perth,
Sydney or
Melbourne

31/12/2019

30/09/2020

April 2020

Delays have been
experienced
because of the
need to include
international
collaborators in the
publication; a full
draft is in
circulation and
submission is
expected in June
2020.
This synthesis
paper was delayed
by the late delivery
of the CAUL Urban
Wildlife App. Data
analysis is
complete and a
draft paper is in
preparation.
Delivery of this
milestone is
dependent on the
delivery of
milestones 7.4.57.4.7, which have
been delayed by
unexpected
problems with the
CAUL Hub Annual Progress Report 5

N/A

The end-users most likely to be
impacted by delays (as identified by
the researchers) have been
consulted, and there are no budget
implications.

N/A

The end-users most likely to be
impacted by delays (as identified by
the researchers) have been
consulted, and there are no budget
implications.

N/A

The end-users most likely to be
impacted by this delay (as identified
by the researchers) have been
consulted, and there are no budget
implications.
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6.2

20

Complete
interviews with a
range of
stakeholders from
government,
industry, nongovernment
entities and key
individuals on the
role of street
verges in urban
greening,
biodiversity and
cultural
significance

31/12/2019

April 2020

15/07/2020

traffic data
required to create
noise layers for
each city.
23 interviews have N/A
been completed
with stakeholders
across government,
industry and
community, with 6
remaining
interviews to be
conducted with
LGA stakeholders.
The final choice of
LGAs could not be
completed until all
other stakeholder
interviews were
complete. These
last interviews
have been delayed
due to restrictions
associated with the
COVID-19
pandemic.
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The end-users most likely to be
impacted by this delay (as identified
by the researchers) have been
consulted, and there are no budget
implications.
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Measuring success
The National Environmental Science Program (NESP) is a long-term commitment to support
environmental and climate research. The key objective of the NESP is to improve our
understanding of Australia’s environment through collaborative research that delivers accessible
results and informs decision making. The focus of NESP is on practical and applied research that
informs on-ground action and that will yield measurable improvements to the environment.
The Program builds on its predecessors - the National Environmental Research Program and the
Australian Climate Change Science Program – in securing for decision makers the best available
information to support understanding, managing and conserving Australia’s environment.
The NESP is delivered through multi-disciplinary research Hubs or consortia, hosted by Australian
research institutions.
The NESP seeks to achieve its objective by supporting research that:
•

is practical and applied and informs on-ground action

•

addresses the needs of the Australian Government and other stakeholders by supporting
and informing evidence-based policy and improving management of the Australian
environment

•

is innovative and internationally recognised

•

enhances Australia’s environmental research capacity

•

is collaborative and builds critical mass by drawing on multiple disciplines, research
institutions and organisations to address challenging research questions

•

produces meaningful results accessible to government, industry and the community

•

includes synthesis and analysis of existing knowledge

•

builds relationships between scientists and policy-makers to encourage collaborative
problem solving on environmental issues.

NESP end-users will be a broad range of stakeholders whose decisions may impact on the
environment, and include the Australian Government, state governments, industry, business,
community groups and Indigenous land managers (or Indigenous Communities).
The intended outcomes of the NESP are:
•

Enhanced understanding of, and capacity to manage and conserve Australia’s
environment.

•

Improved climate and weather information for Australia through a greater understanding of
the drivers of Australia’s climate.

•

Timely research that is used by policy and decision-makers to answer questions and
provide solutions to problems.

•

Research outcomes that are communicated clearly to end-users and the general public,
and stored in a manner that is discoverable and accessible.
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Table A: Quantitative performance measures
Hub Result for
12-month Period
(numerical only)

Key Performance Indicator

1

Explanation (if any)

1. Percent of projects (active or completed in
the reporting period) for which there is a
research-user actively engaged in the
project?

100%

2. Percent of projects approved under RPV6
in which research-users were actively
involved in project design?

100%

3. Number of research outputs provided to
end users on time 1 and as identified in the
Research Plan

23

The hub produced a total of 81
outputs in 2019, including 49 peerreviewed publications, reports,
datasets, factsheets and other
communication products targeted at
non-academic audiences. Of these
81, 23 were linked to a specific
milestone in RPv5.

4. Proportion of research outputs provided to
end users on time and as identified in the
Research Plan

66%

66% of research outputs linked to a
specific milestone in RPv5 were
provided to end-users on time. 23
such outputs were provided on time
and 12 were delayed: 23/35 = 66%.
Delayed outputs are detailed in
Table 1, above.

5. Number of instances of where the hub has
used NESP-generated information from
another NESP hub.

5

The Hub used information cogenerated with the TSR Hub as part
of Projects 5.1, 5.3, 5.4 and 5.6:
5.1: Shared dataset on threatened
species in cities
5.3: The CAUL Urban Wildlife app
5.4: Shared datasets on motorbike
frogs in WA and flying-fox
movements in eastern Australia
5.6: Collaborations on cat control
surveys and other practical actions
for the conservation of wildlife in
cities.

6. Number of peer reviewed NESP-funded
publications during the reporting period

49

7. Number of NESP research citations in
other researchers’ publications during the
reporting period

498

The 5 most-cited Hub publications
in 2019 were:
Ives C.D., Lentini P.E., Threlfall
C.G., et al. 2016. Cities are
hotspots for threatened species
Global Ecology and Biogeography
25: 117–126.
Threlfall, C.G. and Kendal, D.
(2018) The distinct ecological and
social roles that wild spaces play in
urban ecosystems. Urban Forestry
& Urban Greening 29: 348-356.

On time – delivered on the date the outputs were expected to be delivered
April 2020
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Hub Result for
12-month Period
(numerical only)

Key Performance Indicator

Explanation (if any)
Steinemann, A. (2016). Fragranced
consumer products: exposures and
effects from emissions. Air Quality,
Atmosphere & Health 9: 861-866.
Steinemann, A. (2017). Health and
societal effects from exposure to
fragranced consumer products.
Preventive Medicine Reports 5: 4547.
Goodman, N.B., Steinemann, A.,
Wheeler, A.J., Paevere, P.J.,
Cheng, M., & Brown, S.K. (2017).
Volatile organic compounds within
indoor environments in Australia.
Building and Environment 122: 116125.

8. Number of researchers, including PhD and
Post-Doc positions engaged as a result of
NESP (total, Full-time equivalent) during
the reporting period

58 researchers,
20.9 FTE

9. Number of data sets provided to the Hub,
or made publicly available, by third parties
for the purposes of informing NESP
research

1

10. Percentage of data sets made publicly
available under open licence by the Hub

100%

A total of 36 datasets have been
created by the Hub.

11. Percentage of NESP research outputs
(including publications, data and metadata)
that are discoverable and accessible in
accordance with NESP data accessibility
requirements and the funding agreement.

96.5%

As of May 18, there are 10
publications that we have identified
as not being publicly available.
These are all internal reports for
stakeholders containing sensitive
social information (although data
from some of these reports has
been or will be used in accessible
outputs).

12. Number and FTE of Indigenous people
employed in a project (separate into full
and part time positions).

2: 1 part time (0.6
FTE) & 1 casual

Zena Cumpston
Stephanie Beaupark

13. Number of Indigenous
researchers/graduates/postgraduate/PhD/Post Doc Positions in
projects.

3

One research assistant and one
student, plus an Indigenous
researcher engaged as a contractor
(rather than employee) by mutual
agreement.

Of these 58 researchers, 18 are
postdoctoral researchers employed
by the Hub during 2019 and 6 are
students. The remaining
researchers are contributing to the
Hub on an in-kind basis.

In addition, the CAUL Hub has
engaged multiple Indigenous
contractors in relation to design
services, speaking and writing fees,
Welcome to Country, and
communications products.
14. Number of Indigenous people trained in
the use of environmental management
tools and techniques.
April 2020
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student by Indigenous CAUL
researcher, including advice leading
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Hub Result for
12-month Period
(numerical only)

Key Performance Indicator

Explanation (if any)
to the successful application for a
UoM study grant.

15. The number of management tools for
Indigenous waters and land that benefitted
from NESP research and outcomes
(including but not limited to Plans of
Management for IPAs, Co/Joint managed
parks, Marine Park Plans of Management,
Conservation Agreements).

0

The urban nature of the CAUL Hub
means that this milestone is not
very applicable to our research.
However, we are engaging strongly
with Indigenous communities as
indicated by KPIs 16, 17 and 18.

16. Number and type of communication
products that have been used to
communicate research with Indigenous
people.

44

These include dozens of events
related to The Living Pavilion and
National Reconciliation Week, as
well as the NAIDOC Week Urban
Beat and engagement on the Three
Category Approach.

17. Number of research, knowledge sharing
and communication events held with
Indigenous communities.

14

These include a number of events
held alongside The Living Pavilion,
including tours of the site and
discussions with Indigenous groups
regarding the research undertaken
for the event.

18. Number of public events, conference
presentations, jointly authored/published
papers with Indigenous
participants/contributors.

63

Many of the events related to The
Living Pavilion were presented or
substantially supported by the
Indigenous Research Fellow
responsible for the project. In
addition, the Three Category
Approach workbook was written,
and both workshops to date cofacilitated, by Indigenous
contributors.

19. Number of communication activities for the
wider CAUL Hub stakeholder group,
including public events, conference
presentations, workshops, and meetings

111

CAUL Hub KPI
CAUL-Hub researchers continued
to engage strongly with
stakeholders via a diversity of
events.

20. Social-media engagement

Annual Facebook
Impressions:
123,290

CAUL Hub KPI
The ‘Annual Facebook Impressions’
measures the number of times
Facebook users saw content from
the Hub’s Facebook page.

Annual Twitter
Impressions:
229,242

21. Major media outputs featuring CAUL-Hub
research

April 2020

29
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The ‘Annual Twitter Impressions’
measures the number of times
Twitter users saw CAUL Hub
tweets.
CAUL Hub KPI
This figure is lower than in previous
years because many of our
researchers were focusing their
efforts on other types of outputs,
such as public events and
presentations to stakeholders.
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Hub Result for
12-month Period
(numerical only)

Key Performance Indicator
22. Number of researchers who undertook
cultural competency activities (as per the
Hub’s IEPS checklist) in 2019

32

Explanation (if any)
CAUL Hub KPI
This refers to the number of CAUL
Hub researchers who undertook
cultural competency activities
during 2019, including:
• formal cultural competency
training and workshops;
• engagement with CAUL Hub
IEPS materials or events; and
• engagement with local
institutional Reconciliation
Action Plans or other
Indigenous-engagement
activities.

23. Number and type of knowledge-sharing
and communications events and products
used to engage broader audiences in the
Hub’s Indigenous-led practice

36

CAUL Hub KPI
These include many events during
The Living Pavilion, as well as the
Three-Category Approach
workshops.

NESP impact stories
NESP impact stories are provided at Attachment B. These stories showcase the contribution of
NESP funded research to the environment, the economy, society, culture, public policy, quality of
life, beyond contributions to academia.
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Hub level risk management
All risks identified in the Hub risk management plan are being actively managed.
The following risks have been identified in the Hub risk management plan since the approval of
RPV6:

Risk

Briefly describe
the risk that
could affect
whether the
objective is
achieved
Research
activities,
outputs and
associated
milestones are
delayed due to
impacts of the
COVID-19
pandemic

Likelihood

Rating

Risk Response
Strategy

Proposed risk
treatments

*Minor
*Moderate
*High
*Major
*Critical

*Rare
*Unlikely
*Possible
*Likely
*High Likely

*Low
*Medium
*High

*Avoid
*Reduce
*Transfer/Shar
e
*Accept

Tasks are
needed to
reduce the risk,
i.e. risk
treatments.

Moderate

Highly likely

High

Reduce

Option 1:
Reduce the
scope of the
proposed
research.
Option 2: Seek
an extension
from DAWE to
allow some
projects to be
completed in
2021.

Consequence

As the current situation is unprecedented, the impacts of the COVID-19 pandemic on research and
engagement activities in the Hub are difficult to anticipate. Some impacts are identifiable
immediately but there is a great deal of uncertainty about what the future impacts could be as the
situation unfolds.
At the present time, university researchers are not permitted to undertake field work, including
outreach activities in schools or visits to field sites. Stakeholder interactions have been greatly
impacted. Interviews, workshops, conferences, and exhibitions have been cancelled outright or are
being moved to an online format. The community-based aspects of projects are severely
constrained. This is particularly impacting progress in a number of projects that depend on social
research methods. For example, face-to-face consultation with Indigenous people as part of
Subproject 3.13 (Indigenous Noongar perspectives in city planning and urban nature) cannot
currently proceed. The time of Hub researchers is also being constrained by increased caring
responsibilities (for children and other relatives) and the need to transition university teaching to an
online format.
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Financial Information
Annual financial reporting
Summary
Detailed financial information for the Clean Air and Urban Landscapes Hub is provided in
Attachment C.
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Clean Air and Urban Landscapes Hub 2019 Annual Progress Report 5- Attachment A
Project
Number/ID

Project Name/Title

Project Summary

Project Leader

Lead Organisation

Approved Funding Research Plan Versions 1-6

(This should match the NESP funding, other cash-contribution, and other in-kind contribution listed in
RPV6 Attachment C.)

NESP Funding*
$

1

1.1

Western Air-Shed and Particulate
Study for Sydney

Extending air quality measurement /
monitoring capacity

This project has been designed as a direct response to the research priority: “Contribute
to the design of, and inform the development of, a programme for monitoring and
reducing atmospheric particulate matter levels in Western Sydney.” This project aims to
increase understanding of the main drivers of poor air quality events within the NSW
greater metropolitan region. The project will help inform future plans for monitoring air
quality and policies designed to reduce exposure to particulate matter, with a focus on
the growing population and development in Western Sydney.

This subproject developed measurement capacity in collaboration with research
partners. It extended the measurements available to evaluate air quality and test our air
quality models via a number of complementary research activities.

Dr Clare Murphy

Dr Clare Murphy

University of Wollongong

University of Wollongong

1,241,975

770,982

Total Other
Contributions*
$

2,596,324

134,113

Start Date

Completion Date

Status

(Use dropdown)

Total Budget*
$

3,838,299

905,095

Outputs

(List outputs described in the project plan as well as any
additional outputs the project delivered. Insert extra rows as
needed)

01.07.15

01.01.16

31.12.18

31.12.18

Outcomes

Outputs

Link to output

(Provide hyperlinks to outputs/products where
available)

Completed

Completed

Project Outcomes

(Has the project achieved, or are you moving towards
achieving, the outcomes identified in the Research Plan?
Describe how the research findings have been/will be
used to inform decision-making and on-ground action.
Use tangible and specific examples where possible. I.e.
rather than saying research will inform policy, include the
name of the policy/policies. E.g. Research results have
been used by Program X to inform Strategy X)

Throughout CAUL, Project 1 has worked
actively with a number of end users, including
the NSW OEH, EPA NSW, ANSTO, LGAs and the
general public. Project 1's research is now
culminating with a special edition of the
journal Atmosphere, focused on CAUL's air
quality research to date.

Buchholz, R. R., & Griffith, D. W. T. (2017).
Measurements of CO2, CO, CH4, N2O and 13C in
CO2 at time series station Wollongong, 2012-12-21
to 2013-02-15. PANGAEA,
https://doi.org/10.1594/PANGAEA.871986
Murphy, C. (2017). Annual Report on Air Quality
Variability in Sydney, Clean Air and Urban
Landscapes (CAUL) Hub
Murphy, C. (2016). Annual Report on Air Quality
Measurements. Wollongong, Australia: University
of Wollongong.
Chambers, S., & Willaims, A. (2017). Radon
concentration at time series station Warrawong,
2012-12-01 to 2013-02-28, ANSTO. PANGAEA,
https://doi.org/10.1594/PANGAEA.871999

10.1594/PANGAEA.871986

https://nespurban.edu.au/wpcontent/uploads/2018/11/CAUL-P1M27-Annual-Report-on-Air-QualityVariability-in-Sydney-2017.pdf

Project 1 has also undertaken substantial
Indigenous engagement and supported
Indigenous-led research. This includes
research on Indigenous weather seasons, and
CAUL Hub researchers have undertaken air
quality measurements on the grounds of the
Liverpool Girl's High School. STEM students at
the school had the opportunity to design and
participate in air quality projects, and this data
will be utilised by the Smart Cities Project in
collaboration with the Liverpool City Council.

Data generated through earlier campaigns was
used in several papers that have been
https://nespurban.edu.au/wppublished as part of the special issue of
content/uploads/2018/11/CAULRR05_ Atmosphere, and have been included in the
AnnualReportAirQualityMeasurement_ Clean Air Plan for Sydney.
Dec2016.pdf
10.1594/PANGAEA.871999

Davy, P. (2017). Elemental analysis of fine (PM2.5) 10.1594/PANGAEA.872001
and coarse (PM10-2.5) aerosol at time series station
Wollongong, 2013-01-21 to 2013-02-15. PANGAEA,
https://doi.org/10.1594/PANGAEA.872001.
Griffiths, A., & Simmons, J. (2017). Boundary layer
height at time series station Wollongong, 2012-1218 to 2013-02-14. PANGAEA,
https://doi.org/10.1594/PANGAEA.871992.

10.1594/PANGAEA.871992

Guérette, E-A. (2017). Volatile organic compounds
(VOC) at time series station Wollongong, 2012-1221 to 2013-02-15. PANGAEA,
https://doi.org/10.1594/PANGAEA.871998.

10.1594/PANGAEA.871998

Guérette, E-A. (2017). Wind speed and direction,
10.1594/PANGAEA.871989
temperature, relative humidity and pressure at time
series station Wollongong, 2012-12-21 to 2013-0125. PANGAEA.
Guérette, E-A. (2017). Wind speed and direction,
10.1594/PANGAEA.871990
temperature, relative humidity and pressure at time
series station Wollongong, 2013-01-25 to 2013-0215. PANGAEA.
Guérette, E-A., Galbally, I., & Kubistin, D. (2017). NO 10.1594/PANGAEA.871994
and NO2 at time series station Wollongong, 2013-0131 to 2013-02-16, CSIRO. PANGAEA
Keywood, M., Selleck, P., Galbally, I., Lawson, S.,
https://data.csiro.au/collections/#colle
Powell, J., Cheng, M., Gillett, R., Ward, J., Harnwell, ction/CIcsiro:18210v3
J., Dunne, E., Boast, K., Reisen, F., Molloy, S.,
Griffiths, A., Chambers, S., Crumeyrolle, S., Zhang,
C., Zeng, J., & Fedele, R. (2016). Sydney Particle
Keywood, M., Selleck, P., Galbally, I., Lawson, S.,
https://data.csiro.au/collections/#colle
Powell, J., Cheng, M., Gillett, R., Ward, J., Harnwell, ction/CIcsiro:18311v1
J., Dunne, E., Boast, K., Reisen, F., Molloy, S.,
Griffiths, A., Chambers, S., Crumeyrolle, S., Zhang,
C., Zeng, J., & Fedele, R. (2016). Sydney Particle
Guérette, E-A., Paton-Walsh, C., Kubistin, D.,
10.1594/PANGAEA.871982
Humphries, R., Bhujel, M., Buchholz, R. R.,
Chambers, S., Cheng, M., Davy, P., Dominick, D.,
Galbally, I., Griffith, D. W. T., Griffiths, A., Keywood,
M., Lawson, S., Molloy, S., Selleck, P., Simmons, J., &
Humphries, R., & Keywood, M. (2017). Particle
10.1594/PANGAEA.872000
number size distribution (~14 nm to ~660 nm) at
time series station Wollongong, 2013-01-16 to 201302-18. PANGAEA.
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NESP Funding*
$

1

1.1

Western Air-Shed and Particulate
Study for Sydney

Extending air quality measurement /
monitoring capacity

This project has been designed as a direct response to the research priority: “Contribute
to the design of, and inform the development of, a programme for monitoring and
reducing atmospheric particulate matter levels in Western Sydney.” This project aims to
increase understanding of the main drivers of poor air quality events within the NSW
greater metropolitan region. The project will help inform future plans for monitoring air
quality and policies designed to reduce exposure to particulate matter, with a focus on
the growing population and development in Western Sydney.

This subproject developed measurement capacity in collaboration with research
partners. It extended the measurements available to evaluate air quality and test our air
quality models via a number of complementary research activities.

Dr Clare Murphy

Dr Clare Murphy

University of Wollongong

University of Wollongong

1,241,975

770,982

Total Other
Contributions*
$

2,596,324

134,113

Start Date

Completion Date

Status

(Use dropdown)

Total Budget*
$

3,838,299

905,095

Outputs

(List outputs described in the project plan as well as any
additional outputs the project delivered. Insert extra rows as
needed)

01.07.15

01.01.16

31.12.18

31.12.18

Outcomes

Outputs

Link to output

(Provide hyperlinks to outputs/products where
available)

Completed

Completed

Project Outcomes

(Has the project achieved, or are you moving towards
achieving, the outcomes identified in the Research Plan?
Describe how the research findings have been/will be
used to inform decision-making and on-ground action.
Use tangible and specific examples where possible. I.e.
rather than saying research will inform policy, include the
name of the policy/policies. E.g. Research results have
been used by Program X to inform Strategy X)

Throughout CAUL, Project 1 has worked
actively with a number of end users, including
the NSW OEH, EPA NSW, ANSTO, LGAs and the
general public. Project 1's research is now
culminating with a special edition of the
journal Atmosphere, focused on CAUL's air
quality research to date.

Buchholz, R. R., & Griffith, D. W. T. (2017).
Measurements of CO2, CO, CH4, N2O and 13C in
CO2 at time series station Wollongong, 2012-12-21
to 2013-02-15. PANGAEA,
https://doi.org/10.1594/PANGAEA.871986
Murphy, C. (2017). Annual Report on Air Quality
Variability in Sydney, Clean Air and Urban
Landscapes (CAUL) Hub
Murphy, C. (2016). Annual Report on Air Quality
Measurements. Wollongong, Australia: University
of Wollongong.
Chambers, S., & Willaims, A. (2017). Radon
concentration at time series station Warrawong,
2012-12-01 to 2013-02-28, ANSTO. PANGAEA,
https://doi.org/10.1594/PANGAEA.871999

10.1594/PANGAEA.871986

https://nespurban.edu.au/wpcontent/uploads/2018/11/CAUL-P1M27-Annual-Report-on-Air-QualityVariability-in-Sydney-2017.pdf

Project 1 has also undertaken substantial
Indigenous engagement and supported
Indigenous-led research. This includes
research on Indigenous weather seasons, and
CAUL Hub researchers have undertaken air
quality measurements on the grounds of the
Liverpool Girl's High School. STEM students at
the school had the opportunity to design and
participate in air quality projects, and this data
will be utilised by the Smart Cities Project in
collaboration with the Liverpool City Council.

Data generated through earlier campaigns was
used in several papers that have been
https://nespurban.edu.au/wppublished as part of the special issue of
content/uploads/2018/11/CAULRR05_ Atmosphere, and have been included in the
AnnualReportAirQualityMeasurement_ Clean Air Plan for Sydney.
Dec2016.pdf
10.1594/PANGAEA.871999

Davy, P. (2017). Elemental analysis of fine (PM2.5) 10.1594/PANGAEA.872001
and coarse (PM10-2.5) aerosol at time series station
Wollongong, 2013-01-21 to 2013-02-15. PANGAEA,
https://doi.org/10.1594/PANGAEA.872001.
Griffiths, A., & Simmons, J. (2017). Boundary layer
height at time series station Wollongong, 2012-1218 to 2013-02-14. PANGAEA,
https://doi.org/10.1594/PANGAEA.871992.

10.1594/PANGAEA.871992

Guérette, E-A. (2017). Volatile organic compounds
(VOC) at time series station Wollongong, 2012-1221 to 2013-02-15. PANGAEA,
https://doi.org/10.1594/PANGAEA.871998.

10.1594/PANGAEA.871998

Guérette, E-A. (2017). Wind speed and direction,
10.1594/PANGAEA.871989
temperature, relative humidity and pressure at time
series station Wollongong, 2012-12-21 to 2013-0125. PANGAEA.
Guérette, E-A. (2017). Wind speed and direction,
10.1594/PANGAEA.871990
temperature, relative humidity and pressure at time
series station Wollongong, 2013-01-25 to 2013-0215. PANGAEA.
Guérette, E-A., Galbally, I., & Kubistin, D. (2017). NO 10.1594/PANGAEA.871994
and NO2 at time series station Wollongong, 2013-0131 to 2013-02-16, CSIRO. PANGAEA
Keywood, M., Selleck, P., Galbally, I., Lawson, S.,
https://data.csiro.au/collections/#colle
Powell, J., Cheng, M., Gillett, R., Ward, J., Harnwell, ction/CIcsiro:18210v3
J., Dunne, E., Boast, K., Reisen, F., Molloy, S.,
Griffiths, A., Chambers, S., Crumeyrolle, S., Zhang,
C., Zeng, J., & Fedele, R. (2016). Sydney Particle
Keywood, M., Selleck, P., Galbally, I., Lawson, S.,
https://data.csiro.au/collections/#colle
Powell, J., Cheng, M., Gillett, R., Ward, J., Harnwell, ction/CIcsiro:18311v1
J., Dunne, E., Boast, K., Reisen, F., Molloy, S.,
Griffiths, A., Chambers, S., Crumeyrolle, S., Zhang,
C., Zeng, J., & Fedele, R. (2016). Sydney Particle
Guérette, E-A., Paton-Walsh, C., Kubistin, D.,
10.1594/PANGAEA.871982
Humphries, R., Bhujel, M., Buchholz, R. R.,
Chambers, S., Cheng, M., Davy, P., Dominick, D.,
Galbally, I., Griffith, D. W. T., Griffiths, A., Keywood,
M., Lawson, S., Molloy, S., Selleck, P., Simmons, J., &
Humphries, R., & Keywood, M. (2017). Particle
10.1594/PANGAEA.872000
number size distribution (~14 nm to ~660 nm) at
time series station Wollongong, 2013-01-16 to 201302-18. PANGAEA.
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Humphries, R., & Keywood, M. (2017). Total
10.1594/PANGAEA.871984
number concentration of cloud condensation nuclei
(CCN) at time series station Wollongong, 2013-0115 to 2013-02-15. PANGAEA.
Humphries, R., Keywood, M. (2017). Total number 10.1594/PANGAEA.871985
concentration of condensation nuclei >3 nm at time
series station Wollongong, 2013-01-16 to 2013-0215. PANGAEA.
Keywood, M., Humphries, R. (2017). Elemental
10.1594/PANGAEA.871987
carbon and organic carbon content of PM2.5
aerosol size fraction at time series station
Wollongong, 2012-12-22 to 2013-02-15. PANGAEA.
Keywood, M., & Humphries, R. (2017). Particulate 10.1594/PANGAEA.871997
matter mass concentration < 2.5 µm (PM2.5) at
time series station Wollongong, 2013-01-24 to 201302-15. PANGAEA.
Kubistin, D. (2017). NO and NO2 at time series
station Wollongong, 2012-11-21 to 2013-02-15,
UOW. PANGAEA.

10.1594/PANGAEA.871995

Kubistin, D. (2017). Ozone at time series station
10.1594/PANGAEA.871996
Wollongong, 2012-12-21 to 2013-02-15. PANGAEA.

Scorgie, Y., & Kirkwood, J. (2017). Three months of 10.1594/PANGAEA.872005
air quality measurements from Wollongong OEH air
quality monitoring site, 2012-12-01 to 2013-02-28.
PANGAEA.
Selleck, P., & Guérette, E-A (2017). Measurements
of carbonyls at time series station Wollongong,
2013-02-04 to 2013-02-15. PANGAEA.

10.1594/PANGAEA.871983

Paton-Walsh, C., Guérette, E. A., Kubistin, D.,
Humphries, R., Stephen, R. W., Dominick, D.,
Galbally, I., Buchholz, R., Bhujel, M., Chambers, S.,
Cheng, M., Cope, M., Davy, P., Emmerson, K.,
Griffith, W. T. D., Griffiths, A., Keywood, M.,
Phillips, F., Naylor, T., Paton-Walsh, C.,
Gunashanhar, G., Kirkwood, J., Griffith, D. W. T.,
Riley, M., Scorgie, Y., & Guérette, E-A. (2017):
Measurements of trace gases relevant to air quality
in Western Sydney, Australia, from May 2016 to
Kirkwood, J., Gunashanhar, G., Phillips, F., Naylor, T.,
Riley, M., Scorgie, Y., & Guérette, E-A. (2017).
Portable Monitoring Station measurements of trace
gases relevant to air quality in Western Sydney,
Australia from 23 May 2017 to 18 September 2017.
Naylor, T., & Phillips, F, (2017). 3D-Sonic
Anemometer measurements of trace gases relevant
to air quality in Western Sydney, Australia from 06
July 2017 to 14 September 2017. University of
Wollongong, PANGAEA.
Naylor, T., Wilson, S.R., & Phillips, F. (2017). DOAS
measurements of trace gases relevant to air quality
in Western Sydney, Australia from 28 October 2016
to 13 September 2017. PANGAEA.

10.5194/essd-9-349-2017

https://doi.pangaea.de/10.1594/PANG
AEA.884317

https://doi.pangaea.de/10.1594/PANG
AEA.884312

https://doi.pangaea.de/10.1594/PANG
AEA.884311

https://doi.pangaea.de/10.1594/PANG
AEA.884310

Phillips, F., Griffith, D.W.T., & Naylor, T. (2017). TGA- https://doi.pangaea.de/10.1594/PANG
FTIR measurements of trace gases relevant to air
AEA.884314
quality in Western Sydney, Australia from 16 July
2017 to 12 September 2017. University of
Wollongong, PANGAEA.
Phillips, F., Naylor, T., Griffith, D. W. T., Patonhttps://doi.pangaea.de/10.1594/PANG
Walsh, C. (2017). OP-FTIR measurements of trace
AEA.884313
gases relevant to air quality in Western Sydney,
Australia from 28 October 2016 to 13 September
2017. University of Wollongong, PANGAEA.
Guérette, E. A., Paton-Walsh, C., Desservettaz, M., 10.5194/acp-18-3717-2018
Smith, T. E. L., Volkova, L., Weston, C. J., & Meyer,
C. P. (2018). Emissions of trace gases from
Australian temperate forest fires: emission factors
and dependence on modified combustion
Utembe, S. R., Rayner, P. J., Silver, J. D., Guérette, E.- 10.3390/atmos9120466
A., Fisher, J. A., Emmerson, K. M., Cope, M., PatonWalsh, C., Griffiths, A. D., Duc, H., Monk, K., Scorgie,
Y. (2018). Hot Summers: Effect of Extreme
Temperatures on Ozone in Sydney, Australia.
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NESP Funding*
$

1.2

1.3

1.4

Implementing state-of-the-science air
quality modelling techniques for
estimating human exposure to
airborne pollutants

Exploring potential measurement and
modelling techniques for estimating
human exposure to airborne
pollutants

Clean Air Plan for Western Sydney

It is now well understood that, given the limitations of any particular air quality model,
more reliable results are achieved with an ensemble of models. This subproject drew on
the heritage of several groups to advance the reliability of modelling current and future
air quality for Western Sydney.

The ideal scale for measurements and modelling of air pollution is at the individual
exposure level, since this is where the health impacts occur. This subproject responded
to a natural community concern that modelling and measurement should capture what
is actually happening to them.

This subproject synthesised work on ambient air quality in Sydney and the work on
indoor air quality to formulate a Clean Air Plan for Western Sydney.

Dr Elise-Andree Guerette

Professor Jane Heyworth

Professor Peter Rayner

University of Wollongong

University of Western
Australia

University of Melbourne

Total Other
Contributions*
$
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17,394
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528,850

46,118

0
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31.12.18

31.12.18
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Completed

Completed

Completed
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Paton-Walsh, C., Guérette, É. A., Emmerson, K.,
Cope, M., Kubistin, D., Humphries, R., Wilson, S.,
Buchholz, R., Jones, N.B., Griffith, D.W.T., Dominick,
D., Galbally, I., Keywood, M., Lawson, S., Harnwell,
J., Ward, J., Griffiths, A., & Chambers, S. (2018).
Emmerson, K. M., Galbally, I. E., Guenther, A. B.,
Paton-Walsh, C., Guerette, E-A., Cope, M. E.,
Keywood, M. D., Lawson, S. J., Molloy, S. B., Dunne,
E., Thatcher, M., Karl, T., & Maleknia, S. D. (2016).
Current estimates of biogenic emissions from
Chang, L.T.C., Scorgie, Y., Duc, H.N., Monk, K.,
Fuchs, D., & Trieu, T. (2019). Major Source
Contributions to Ambient PM2. 5 and Exposures
within the New South Wales Greater Metropolitan
Region. Atmosphere, 10(3), 138.
Murphy, C. (2016). Annual Report on Air Quality
Modelling. Wollongong, Australia: University of
Wollongong, Clean Air and Urban Landscapes
(CAUL) Hub.

https://www.mdpi.com/20734433/9/12/500

Chambers, S. D., Guérette, E-A., Monk, K., Griffiths,
A. D., Zhang, Y., Duc, H., Cope, M., Emmerson, K.
M., Chang, L. T., Silver, J. D., Utembe, S., Crawford,
J., Williams, A. G., & Keywood, M. (2019). Skilltesting chemical transport models across
Guérette, E., Monk, K., Utembe, S., Silver, J.,
Emmerson, K., Griffiths, A., Duc, H., Chang, L., Trieu,
T., Jiang, N., Scorgie, Y., Cope, M. & Paton-Walsh, C.
(2017). Evaluation of regional air quality models
over Sydney, Australia. Clean Air Society of Australia
Dominick, D., Wilson, S. R., Paton-Walsh, C.,
Humphries, R., Guérette, E., Keywood, M., Kubistin,
D., & Marwick, B. (2018). Characteristics of airborne
particle number size distributions in a coastal-urban
environment. Atmospheric Environment, 186, 256Knibbs, L. D., Coorey, C. P., Bechle, M. J., Cowie, C.
T., Dirgawati, M., Heyworth, J. S., Marks, G. B.,
Marshall, J.D., Morawska, L., Pereira, G., & Hewson,
M.G. (2016). Independent Validation of National
Satellite-Based Land-Use Regression Models for
Knibbs, L. D., Van Donkelaar, A., Martin, R. V.,
Bechle, M. J., Brauer, M., Cohen, D. D., Cowie, C. T.,
Dirgawati,M., Guo, Y., Hanigan, I. C., Johnston, F.
H., Marks, G. B., Marshall, J. D., Pereira, G.,
Jalaludin, B., Heyworth, J. S., Morgan, G. G., &
Heyworth, J. (2017). PM2.5 LUR Model and Health
Outcomes. Report for the Clean Air and Urban
Landscapes Hub

10.3390/atmos10010025

Dirgawati, M., Heyworth, J. S., Wheeler, A. J.,
McCaul, K. A., Blake, D., Boeyen, J., Cope, M., Yeap,
B. B., Nieuwenhuijsen, M., Brunekreef, B., &
Hinwood, A. (2016). Development of Land Use
Regression Models for Particulate Matter and
Hanigan, I. C., Rolfe, M. I., Knibbs, L. D., Salimi, F.,
Cowie, C. T., Heyworth, J., Marks, G. B., Guo, Y.,
Cope, M., Bauman, A., Jalaludin, B., & Morgan, G. G.
(2019). All-cause mortality and long-term exposure
to low level air pollution in the 45 and up study
Hanigan, I. C., Williamson, G. J., Knibbs, L. D.,
Horsley, J., Rolfe, M. I., Cope, A., Barnett, A. G.,
Cowie, C. T., Heyworth, J. S., Jalaludin, B., Serre, M.,
& Morgan, G. G. (2017). Blending Multiple Nitrogen
Dioxide Data Sources for Neighbourhood Estimates
Schofield, R., Walter, C., Silver, J., Brear, M., Rayner,
P., & Bush, M. (2017). Submission on the Better Fuel
for Cleaner Air discussion paper. Melbourne: Clean
Air and Urban Landscapes Hub/Melbourne Energy
Institute.

https://nespurban.edu.au/wpcontent/uploads/2020/04/Developmen
t-of-Land-Use-Regression-Models-forParticulate-Matter-and-Associated-1Components-in-Low-Air-Pollutant10.1016/j.envint.2019.02.044

10.5194/acp-16-6997-2016

https://www.mdpi.com/20734433/10/3/138

https://nespurban.edu.au/wpcontent/uploads/2018/11/CAULMilestone-16Report2016_AirQualityModelling.pdf
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In collaboration with NSW OEW, NSW EPA,
and CSIRO, CAUL Hub researchers used a
combination of air quality measurements and
modelling to identify that heatwaves worsen
air quality both by stressing vegetation
(leading to increased biogenic emissions) and
by increasing the rate of atmospheric chemical
reactions. Given that there is no industrial
pollution involved in these processes, there
are few interventions that can be made to
reduce this problem. However, environmental
and health agencies will be able to broaden air
quality warnings and better prepare
communities for potential adverse health
effects during heatwaves.

https://nespurban.edu.au/wpcontent/uploads/2018/11/Gueretteetal
_EvaluationRegionalAirQualityModelsS
ydney_Oct2017.pdf
10.1016/j.atmosenv.2018.05.031

Research in collaboration with the NHMRC
Centre for Air pollution, energy and health
Research (CAR) has found that there is no
lower threshold for health effects from air
pollution, highlighting the need for policy
https://nespurban.edu.au/wpmakers and environmental agencies to focus
content/uploads/2018/11/Independent- on opportunities to minimise air pollution.
validation-of-national-satellite-based- These findings also have implications for policy
land-use.pdf
makers when reviewing the current air
pollution standards. In the course of this
https://nespurban.edu.au/wpproject, the research team also developed a
content/uploads/2020/04/Satellitenew method for assessing exposure using
based-land-use-regression-forsatellite and monitored data in combination
continental-scale-long-term-ambient- with novel statistical techniques. This
PM2.5-exposure-assessment-inmethodology is now available through the
https://nespurban.edu.au/wpTerrestrial Ecosystem Research Network, for
content/uploads/2018/11/CAUL-P1use in other studies.
M30-PM2.5-LUR-Model-and-HealthOutcomes-2017.pdf

https://nespurban.edu.au/wpcontent/uploads/2018/11/Hanigan-etal.-2017-Blending-Multiple-NitrogenDioxide-Data-Sources.pdf
https://nespurban.edu.au/wpcontent/uploads/2018/11/CAULRR06_S
ubmissionFuelQualityStandardsAct2000
_Mar2017.pdf

Rayner, P., & Murphy, C. (2017). Submission to
https://www.epa.nsw.gov.au/yourClean Air for NSW Consultation Paper. Clean Air and environment/air/Urban Landscapes Hub.
/media/EPA/Corporate%20Site/resourc
es/air/submissions2017/Clean-Air-andUrban-Landscape-

During 2019, researchers in this project
published a special edition of the journal
Atmosphere, with 20 papers focused on
CAUL's air quality research to date. This
includes the summary paper, 'A Clean Air Plan
for Sydney'. Through collaboration with the
NSW Department of Planning, Industry and
Environment, this work has already led to
improved air-quality modelling monitoring
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Data Integration

This project will focus on identifying, collating and standardising the key air quality and
urban data required for systematic benchmarking. It will identify available and currently
unavailable data needed for the CAUL research projects; engage with custodian
organisations to obtain access to their data holdings; provide an integrated data-driven
research framework that will facilitate inter-disciplinary research across CAUL, the wider
NESP program and the stakeholder community; and use current national/international
standards and develop and deliver advanced metrics against which benchmarking
activities can/should occur across Australia.

Professor Richard Sinnott

The University of
Melbourne

203,542

305,920

509,462

01.07.15

31.12.17

Completed

2.1

Integration of existing data

In undertaking the initial CAUL Hub data identification activity, a key factor of this
subproject was to build on existing state of the art knowledge. In some cases this was
already well-integrated nationally but for others the data was held by state or local
governments.

Professor Richard Sinnott

The University of
Melbourne

0

0

0

01.01.16

31.12.17

Completed

2.2

Facilitating integration of new data

Making data available, discoverable and interoperable is not part of most researchers'
skill set yet it is vital for the success of the CAUL Hub and for interdisciplinary research in
general. This subproject leveraged the considerable experience of AURIN staff in
researcher training. It prepared a series of training modules to be offered as part of the
regular CAUL Hub meetings.

Professor Richard Sinnott

The University of
Melbourne

0

0

0

01.01.16

31.12.17

Completed

Gong, Y., Morandini, L., & Sinnott, R. (2017). The
design and benchmarking of a Cloud-based platform
for processing and visualization of traffic data. 2017
IEEE International Conference on Big Data and
Smart Computing (BigComp).

https://nespurban.edu.au/wpcontent/uploads/2018/11/The-Designand-Benchmarking-of-a-Cloudbased.pdf

2.3

Facilitating use of AURIN data sets
and tools

This subproject supported the research environment for all other projects by facilitating Professor Richard Sinnott
the use of AURIN. AURIN provides over 100 analytical tools in a web-based environment.

The University of
Melbourne

0

01.01.16

31.12.17

Completed

Gong, Y., Rimba, P., & Sinnott, R.O. (2017.) A Big
Data Architecture for Near Real-time Traffic
Analytics, IEEE/ACM International Conference on
Utility and Cloud Computing (UCC) Conference,
Austin Texas, December 2017.
Sinnott, R. O. and the AURIN Technical Team
(2016). The Australian Data-Driven Urban Research
Platform: Systems Paper. Australian Economic
Review, 49, 208–223.

https://dl.acm.org/citation.cfm?id=315 Finalised prior to 2019. Several training
workshops were held with CAUL researchers
1010&dl=ACM&coll=DL
and associates, which facilitated use of AURIN
data sets and tools. This work supported
research in other projects.
https://nespurban.edu.au/wpcontent/uploads/2019/01/Sinnott-2016Australian_Economic_Review.pdf

2.4

Facilitating public access and use of
CAUL Hub data

The Hub had initially planned to use AURIN as our data portal, but it became apparent
that the AURIN platform did not meet the Dept’s guidelines for the open access of data
(only researchers had access). We then chose other avenues for data dissemination.

Professor Richard Sinnott

The University of
Melbourne

0

0

0

01.01.17

31.12.17

Completed

3

Urban Greening for Liveability and
Biodiversity

This project seeks to determine how best to undertake urban greening to improve the
mental and physical health of people who live in cities, improve air quality, reduce
carbon emissions, and maintain biodiversity and ecosystem services. It will produce
tangible improvements in urban greening practices and management. It will use a
number of trial sites for urban greening to be decided in consultation with various levels
of government. This project will investigate different urban greening strategies and
explore key opportunities for enhancing co-benefits and building the resilience of urban
green space to climate change using modelling, case study and experimental
approaches.

Dr Cristina Ramalho

University of Western
Australia

1,105,116

2,043,838

3,148,954

01.07.15

31.12.20

Ongoing

3.1

Quantifying urban green space and
tree cover

In collaboration with industry partners, this project investigated a standardised urban
greenery typology and user friendly mapping protocol. This will enable local and state
governments across Australia to map the urban vegetation in their jurisdiction and its
functional values, ultimately leading to a nationwide assessment of the extent and
quality of urban greenery.

Dr Marco Amati

RMIT

3.2

Review of the knowledge base

A well-established body of research demonstrates that visual and physical access to
vegetated environments is associated with a range of social and psychological benefits
including improved aesthetic enjoyment, improved mood, attention and self-reported
well-being. This project reviewed national and international published and grey
literature to determine evidence-based relationships between urban greening and a
range of ecosystem service, human mental and physical health and psycho-social
metrics.

Dr David Kendal

University of Tasmania

2

113,493

380

0

0

Finalised prior to 2019. This project acted as a
support project to other research undertaken
by the CAUL Hub. It identified, collated and
standardised data on air quality, urban
greening, urban form and land-tenure in
Australian cities. However, as data in the
AURIN platform are not publicly available, we
have since moved to other platforms for our
data integration and sharing.

Finalised prior to 2019. New data sets on air
quality, vegetation cover and heat in cities
were integrated into the AURIN platform and
used to support research in other projects.

Finalised prior to 2019. While this work was
valuable in supporting research in other
projects, data in the AURIN platform are not
publicly available. Hence, we moved to other
platforms for our data integration and sharing.
Project 3 researchers have continued to
collaborate with stakeholders including the
City of Melbourne and the Royal Botanical
Gardens of Victoria to support these
organisations in managing urban greenspace
and adapting to climate change. In addition,
researchers conducted a range of horizonscanning workshops considering the future of
the urban forest in Melbourne, Hobart, Perth
and Lund, Sweden. Reports on three of these
horizon-scanning workshops, targeting
practitioners such as urban-forest managers,
are now available on the CAUL Hub website.

51,342

164,835

01.01.16

31.12.17

Completed

Boruff, B., Amati, M., Caccetta, P., Devereux, D.,
http://www.urbanaffairs.com.au/down In collaboration with industry partners, this
Kaspar, J., Phelan, K., & Saunders, A. (2017). Where loads/2017-9-28-2.pdf
project has investigated a standardised urban
should all the trees go? Investigating the impact of
greenery typology and user-friendly mapping
tree canopy cover on socio-economic status and
protocoltargeted at local and state
wellbeing in LGA’s. Prepared for Horticulture
governments across Australia.
Innovation Australia Limited by the Centre for
The team has collaborated closely with Project
Urban Research, RMIT University.
4.2 in the use of urban heat island data and
high resolution urban vegetation data
Bolleter, J., & Ramalho, C. E. (2019). Greenspacehttps://trove.nla.gov.au/work/2375211
Oriented Development - Reconciling Urban Density 93?q=greenspace-oriented&c=book
and Nature in Suburban Cities. Springer Briefs in
Geography.

0

380

01.01.16

31.12.17

Completed

Kendal, D., Lee, K., Ramalho, C., Bowen, K., Bush, J.
(2018). Benefits of Urban Green Space in the
Australian Context. A synthesis review for the Clean
Air and Urban Landscapes Hub.

https://nespurban.edu.au/wpcontent/uploads/2018/11/CAULHub_B
enefitsUrbanGreeningReport_2016091
2.pdf

Bowen, K. (2019). The Benefits of Urban Greening - https://nespurban.edu.au/wpfactsheet. National Health and Medical Research
content/uploads/2019/04/GTW0026_S
Council and Clean Air and Urban Landscapes Hub.
tonyCreek_BenefitsCase_FINAL_noUSC
study.pdf

The knowledge base related to the many
benefits of urban greenspace was reviewed
and used to support other research in Project
3. A factsheet on the many benefits of urban
greening has been used to engage local and
state governments and start to build a
b i
(
i
i l d

Project
Number/ID

Project Name/Title

Project Summary

Project Leader

Lead Organisation

Approved Funding Research Plan Versions 1-6

(This should match the NESP funding, other cash-contribution, and other in-kind contribution listed in
RPV6 Attachment C.)

NESP Funding*
$

Total Other
Contributions*
$

Start Date

Completion Date

Status

(Use dropdown)

Total Budget*
$

Outputs

Outputs

(List outputs described in the project plan as well as any
additional outputs the project delivered. Insert extra rows as
needed)

Outcomes

Link to output

(Provide hyperlinks to outputs/products where
available)

Project Outcomes

(Has the project achieved, or are you moving towards
achieving, the outcomes identified in the Research Plan?
Describe how the research findings have been/will be
used to inform decision-making and on-ground action.
Use tangible and specific examples where possible. I.e.
rather than saying research will inform policy, include the
name of the policy/policies. E.g. Research results have
been used by Program X to inform Strategy X)

Kendal, D. (2018). Research Brief: Benefits of Urban https://nespurban.edu.au/wpGreening. Clean Air and Urban Landscapes Hub.
content/uploads/2018/11/CAULRB02_
BenefitsUrbanGreening.pdf
3.3

Psycho-social dimensions of urban
greening

Little is known about how effectively new kinds of urban green space support psychosocial benefits. A key priority for this project was to better understand how urban green
spaces, and the different vegetation types within them (e.g. trees, understorey,
groundcovers) provide these psycho-social benefits, how different qualities,
characteristics or types of urban green spaces influence psycho-social benefits and how
different social groups experience these benefits.

Dr Kate Lee

University of Melbourne

165,473

5,808

171,281

01.01.16

31.12.18

Completed

Schwerdtle, P., Bowen, K., McMichael, C. (2018).
The health impacts of climate-related migration.
BMC Medicine, 16:1 Migrant and Refugee Health
Collection.

Through data analysis of social media, CAUL
researchers found that tweets from people in
parks expressed more positive emotions such
as joy and anticipation (and less negative
emotions such as fear or anger) compared to
Williams, K.J.H., Lee, K., Hartig, T., Sargent, L.,
https://www.sciencedirect.com/scienc tweets from people in built-up areas. This
Williams, N., Johnson, K. (2018). Conceptualising
e/article/pii/S0272494418304092
contributes to a growing body of evidence
creativity benefits of nature experience: Attention
regarding the physical and mental health
restoration and mind wandering as complementary
benefits of urban parks, and will have
processes. Journal of Environmental Psychology, 56,
implications for urban planners and
Drijfhout, M., Kendal, D., Vohl, D. & Green, P. T.
https://nespurban.edu.au/wpdevelopers.
(2016). Sentiment Analysis: Ready for Conservation. content/uploads/2020/04/MargreetSentiment-Analysis.pdf
Frontiers in Ecology and the Environment, 14,
Researchers have also worked closely with the
525–526.
City of Melbourne and Hort Innovation
Drijfhout, M., & Kendal, D. (2018). The koala
conundrum. Australasian Science, 39, (4), 30.

3.4

Assessing the vulnerability of
The vulnerability of Australian cities’ green infrastructure networks to climate change
Australian cities' green infrastructure was investigated by assessing the risk of extended drought and rising temperatures to
urban green space and tree populations and by exploring ways to use and manage water
to climate change
in urban landscapes to mitigate climate change impacts.

A/Prof Steve Livesly

The University of
Melbourne

237,783

0

237,783

01.01.16

31.12.17

Completed

10.1186/s12916-017-0981-7

regarding the psychological benefits of green
https://trove.nla.gov.au/work/2354939
roofs and urban green spaces.
95?q&versionId=261781757

Wilson, A., Kendal, D., & Moore, J. L. (2016).
Humans and Ornamental Plants: A Mutualism?
Ecopsychology, 8, 257-263.

https://nespurban.edu.au/wpcontent/uploads/2020/04/Humanornamental-plant-mutualismmanuscript-2016-05-26.pdf

Lim, K. H., Lee, K. E., Rashidi, L., Naghizade, E.,
Kendal, D., Winter, S., & Vasardani, M. (2018,
accepted). The grass is greener on the other side:
Understanding the effects of green spaces on
Twitter user sentiments and emotions. In WWW ’18
Lim, K.H., Lee, K.E., Kendal, D., Rashidi, L.,
Naghizade, E., Feng, Y., & Wang, J. (2019).
Understanding sentiments and activities in green
spaces using a social data-driven approach. In A.
Visvizi & M. Lytras (Eds.), Smart Cities (pp. 77-107).
Lim, K. H., Lee, K. E., Kendal, D., Rashidi, L.,
Naghizade, E., Winter, S. et al. (2017). A data-driven
approach to understanding urban greenspaces in
Melbourne, Australia. Report prepared for the City
of Melbourne and the Clean Air and Urban
Wang, J., Feng, Y., Naghizadeh, E., Rashidi, L., Lim,
K.H., & Lee, K.E. (2018). Happiness is a choice:
Sentiment and activity-aware location
recommendation. Proceedings of the 2018 Web
Conference, 1401-1405.
Williams, K. J. H., Lee, K. E., Sargent, L.D., Johnson,
K. A., Rayner, J., Farrell, C., Miller, R., & Williams, N.
S. G. (2019). Appraising the psychological benefits
of green roofs for city residents and workers. Urban
Forestry & Urban Greening, 44.
Kendal, D., & Farrar, A. (20170. Assessment of the
climate change vulnerability of the living plant
collections in the Royal Botanic Gardens,
Melbourne. Report prepared for the Royal Botanic
Gardens Victoria. Burnley Campus, School of
Ecosystem and Forest Sciences, University of
Melbourne & Clean Air and Urban Landscape hub of
the National Environmental Science Program.

10.1145/3184558.3186337

Frantzeskaki, N., McPhearson, T., Collier, M.J.,
Kendal, D., Bulkeley, H., Dumitru, A., Walsh, C.,
Noble, K., van Wyk, E., Ordóñez, C., Oke, C., &
Pintér, L. (2019). Nature-based solutions for urban
climate change adaptation: linking science, policy,
Kendal, D., & Baumann, J. (2016) The City of
Melbourne's Future Urban Forest: Identifying
vulnerability to future temperatures. The Clean Air
and Urban Landscapes Hub and the City of
Melbourne.
Kendal, D., Farrar, A., Plant, L., Threlfall, C,G., Bush,
J., Baumann, J. (2019). Risks to Australia's urban
forest from climate change and urban heat - Report.
Clean Air and Urban Landscapes Hub.

https://academic.oup.com/bioscience/
article/69/6/455/5492440

Kendal, D. (2018). Climate risk assessment of
potential threatened species for the living plant
collections in the Melbourne Gardens Royal Botanic
Gardens Victoria. The University of Melbourne and
the Royal Botanic Gardens Victoria.

https://trove.nla.gov.au/work/2372949
21?q=Understanding+sentiments+and+
activities+in+green+spaces+using+a+so
cial+datadriven+approach&c=book&versionId=2

10.1145/3184558.3191583

https://nespurban.edu.au/wpcontent/uploads/2020/05/Williams-etal-2019-Appraising-the-psychologicalbenefits-of-green-roofs_preprint.pdf
https://www.rbg.vic.gov.au/document
s/Climate-Risk-Assessment-for-RBGVLiving-collection-FinalReport-2017-0808.pdf

https://nespurban.edu.au/wpcontent/uploads/2018/11/CAULRR02_
CoMFutureUrbanForest_Nov2016.pdf
https://nespurban.edu.au/wpcontent/uploads/2018/11/CAULRR07_
RisksAustralianUrbanForest_Oct2017.p
df
https://www.rbg.vic.gov.au/document
s/RBGV_Climate_riskthreatened_species-2018-0215_FINAL_DOCUMENT.pdf

The vulnerability to climate change of the
green infrastructure in Australian cities was
assessed on a variety of scales (from the Royal
Botanic Gardens Victoria to the City of
Melbourne, and multiple cities around
Australia). The resulting reports and papers
are being used by many local governments
around Australia to plan their future urban
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3.5

Developing an audit tool to quantify
the multiple benefits of urban
greening

CAUL researchers have previously developed a Public Open Space Desktop Auditing Tool A/Prof Nicholas Williams
(POSDAT), to assess the quality of parks as it relates to human physical health outcomes.
This project extended POSDAT so that it also assesses the ecosystem service and psychosocial benefits of all urban green infrastructure, not just parks.

The University of
Melbourne

143,193

0

143,193

01.01.16

31.12.17

Completed

Finalised prior to 2019. This work is now
captured in Project 3.3, 'Psycho-social
dimensions of urban greening'.

3.6

Quantifying the co-benefits of urban
greening to develop an optimisation
framework for urban planners and
policymakers (NB: this project was
rolled into Project 6 from RPv4)

Effective implementation and evaluation of successful urban green infrastructure is an
inherently transdisciplinary pursuit requiring expertise from disciplines as diverse as
landscape architecture and design, horticulture, ecology, engineering, health and social
sciences. However, to date studies of the impact of urban greening initiatives have been
largely restricted to discipline silos. Consequently, studies quantifying the co-benefits of
urban greening are lacking. This subproject sought to clarify the best strategies to
increase, and spatially and temporally optimize the co-benefits of urban greening.

Cecily Maller

RMIT University

60,029

9,984

70,013

01.01.16

31.12.17

Completed

Finalised prior to 2019. This work is now
captured in Project 6.3, 'Social and biodiversity
benefits of the Upper Stony Creek
Transformation Project'.

3.7

Development of an integrated
sampling and experimental
framework NB: this project was rolled
into subprojects 3.3, 3.5 and 3.6 as of
RPv3)

This subproject provided the opportunity, to coordinate a number of subprojects across
Project 3 and CAUL’s research projects more generally. There were components of the
proposed Integrated Sampling and Experimental Framework: integrated sampling at
shared study sites and measuring the impact of urban greening intervention
experiments compared to closely matched control sites.

A/Prof Nicholas Williams

The University of
Melbourne

0

0

0

01.01.16

31.12.16

Completed

This project was rolled into subprojects 3.3,
3.5 and 3.6 as of RPv3.

3.8

Green space governance in a changing Urban green-blue spaces (incorporating terrestrial and wetland landscapes) in public
green urban landscape
parks and streetscapes and private gardens provides multiple benefits for city dwellers.
Recognition of this multi-functionality is bringing opportunities for inclusion of greenblue spaces across policy domains, but also presents challenges for largely
monofunctional governance, management and budgetary systems. This project will
develop guidelines, tools and frameworks for multifunctional governance and
participatory approaches that link policy domains, facilitate green-blue space
management and evidence-based policy processes.

Dr Judy Bush

University of Melbourne

106,829

59,609

166,438

01.01.18

31.12.20

Ongoing

Phelan, K., Hurley, J., & Bush, J. (2018). Land-use
planning’s role in urban forest strategies: recent
local government approaches in Australia. Urban
Policy and Research, 1-12.

https://nespurban.edu.au/wpcontent/uploads/2018/11/Land-UsePlanning-s-Role-in-Urban-ForestStrategies-Recent-Local-GovernmentApproaches-in-Australia.pdf

Bush, J., Hernandez-Santin, C., Hes, D. (2019).
Nature in Place: Placemaking in the Biosphere.
Placemaking Fundamentals for the Built
Environment, Palgrave Macmillan.

https://trove.nla.gov.au/work/2375253
23?q=Placemaking+fundamentals+for+
the+built+environment&c=book

Bush, J. (2018). Cooling cities with green space:
policy perspectives. Factsheet prepared for the
Clean Air and Urban Landscapes Hub.

https://nespurban.edu.au/wpcontent/uploads/2018/11/bush-2018factsheets-cooling-cities-with-greenspace_-policy-perspectives.pdf

Through focus groups investigating the links
between urban green space, governance and
planning, and collaborations with several
industry groups and grass-root/citizens
organisations (Green Building Council of
Australia, the Melbourne Water Liveability
Group, and the Inner Melbourne Climate
Action Network), this work is advancing urban

Bush, J. (2020). The role of local government
https://nespurban.edu.au/wpgreening policies in the transition towards nature- content/uploads/2020/04/1-s2.0based cities. Environmental Innovation and Societal S2210422420300253-main.pdf
Transitions, 35, 35-44.

3.9

Informing management of changing
urban green spaces

Expected changes to urban green spaces driven by climate, demographic change and
urban densification have enormous implications for urban land managers and our cities.
There is currently little guidance to inform management of green space (e.g. plant
selection, site amelioration) in a changing environment to maintain and enhance the
multifunctional benefits it provides. This project furthered knowledge of the likely
changes to species, resources and conditions facing urban green space managers.

Dr David Kendal

University of Tasmania

48,422

9,289

57,710

01.01.18

31.12.18

Completed

Bush, J., & Doyon, A. (2019). Building urban
resilience with nature-based solutions: How can
urban planning contribute? Cities, 95, 102483.

https://www.sciencedirect.com/scienc
e/article/pii/S0264275119313976

Dobbs, C., Eleuterio, A. A., Amaya, J. D., Montoya,
J., & Kendal, D. (2018). The benefits of urban and
peri-urban forestry. Unasylva 250, 69, 22-29.

http://www.fao.org/documents/card/e During 2018, four horizon-scanning workshops
n/c/I8707EN
were held with a diversity of urban
practitioners, considering what challenges and
opportunities are on the horizon for
sustainable urban greening and what
https://nespurban.edu.au/wpprocesses can be put in place now to prepare
content/uploads/2019/01/1-s2.0for these possible futures. These workshops
S0048969718327657-main.pdf
uncovered a range of threats and
opportunities which will assist in developing
priorities for current and future research and
https://nespurban.edu.au/wppolicy. Research priorities identified included
content/uploads/2020/04/Urban-trees- investigating the integration of climate change
worldwide-have-low-species-andmitigation and adaptation approaches and the
genetic-diversity-posing-high-risks-of- benefits and risks of virtual, artificial and fake
tree-loss-as-stresses-from-climatenature. Key policy priorities identified included
https://nespurban.edu.au/wpthe time scales used in planning, addressing
content/uploads/2018/11/UrbanTreeT
equity concerns, and strengthening public
empRanges-preprint.pdf
participation and stewardship. Reports on
three of these horizon-scanning workshops,
targeting practitioners such as urban-forest
https://nespurban.edu.au/wpmanagers, are now available on the CAUL Hub
content/uploads/2019/07/CAULwebsite.
Horizon-Scanning-Report_Canberra.pdf

Egerer, M. H., Lin, B. B., Threlfall, C. G., & Kendal, D.
(2018). Temperature variability influences urban
garden plant richness and gardener water use
behaviour, but not planting decisions. Science of
Total Environment, 646, 111-120.
Lohr, V. I., Kendal, D., & Dobbs, C. (2016). Urban
trees worldwide have low species and genetic
diversity, posing high risks of tree loss as stresses
from climate change increase. Acta Hortic, 1108,
263-270.
Kendal, D., Dobbs, C., Gallagher, R. V., Beaumont, L.
J., Baumann, J., Williams, N. S. G., Livesley, S. J., and
Algar, A. (2018). A global comparison of the climatic
niches of urban and native tree. Global Ecology and
Biogeography, 27, (5), May 2018, 629-637.
Elliot, C., Kendal, D., Bush, J., Leslie, G., Oke, C.,
Auty, K., Barnett, G., Brack, C., Brecknell, A.,
Farrelly, S., Frawley, M., Gibbons, P., Ikin, K., Ryan,
J., Salt, D., Sides, T., & Stass, L. (2019). An Urban
Forest Horizon Scan in Canberra, Australia. Report
Bush, J., McCormick, K., Oke, C., Kiss, B., Voytenko
Palgan, Y., & Wickenberg, B. (2018). Urban forest
horizon scanning. Report of the workshop in Lund,
Sweden, October 2018. Report for the Clean Air and
Urban Landscapes Hub. Melbourne, CAUL Hub.
Elliot, C., Kendal, D., Bush, J., Leslie, G., Oke, C.,
Ramalho, C., Caffin, M., Croeser, T., Entwisle, T.,
Fastenwrath, S., Foley, A., Jones, R., Lee, G.,
Livesley, S., Ordóñez, C., Phillips, C., Reid, C., Rowe,
H., Shears, I., Thom, J., Williams, N., Wilson, A., &

https://nespurban.edu.au/wpcontent/uploads/2019/01/CAULHorizon-Scan-Lund-2018.pdf
https://nespurban.edu.au/wpcontent/uploads/2019/07/CAULHorizon-ScanningReport_Melbourne.pdf
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3.10

Monitoring and evaluation of
multifunctional green space at
different scales

Existing methods of measuring green space have largely focussed on simple measures of
land cover (e.g. tree canopy) or land use (e.g. access to parks). Increased recognition of
the multifunctional benefits of urban green space demands different kinds of monitoring
and evaluation measures that can act as indicators of multi-benefits at different scales –
from sites, to suburbs to cities. This research project investigated a green space
monitoring and evaluation framework and guideline.

Dr David Kendal

University of Tasmania

0

0

0

01.01.18

31.12.18

Completed

3.11

Biodiversity and human-nature
considerations in urban forest
management

Worldwide, the urban forest is increasingly recognised as a tool to mitigate the impacts
of the urban heat island (UHI) and climate change. In Australia, most capital cities and
respective LGAs are in the process of implementing their urban forest plans. However,
there is a recognised lack of a scientific-driven framework that provides a solid
foundation to interventions within and across different cities. This project explores
biodiversity and human-nature considerations that should be taken into account in
urban forest management.

Dr Cristina Ramalho

University of Western
Australia

98,490

106,548

205,037

01.01.18

31.12.20

Ongoing

3.13

Indigenous Noongar perspectives in
city planning and urban nature

This sub-project aims to collate place-based Noongar perspectives on city planning and
urban nature in Perth in a format that is recognised among urban planners and
environmental managers.

Dr Cristina Ramalho

University of Western
Australia

131,026

55,901

186,927

01.01.2019

31.12.20

Ongoing

Improved Urban Systems for
Liveability

This project is concerned with how major cities function and the effects of their systems
and infrastructure on the humans that live in them. The main urban systems
underpinning liveability include transport, green space, and urban design and the
interconnections between them. The project aims to better understand the collective
impact of urban systems on liveability to inform decision - making in city planning,
management and development. In taking a systematic and integrated approach, it will
bring a series of domains of expertise often treated independently together under one
aim. This project is the key work being undertaken to meet the Minister's directive that
'Green City Blueprints' be delivered as an outcome. The research will focus on major
cities, with Sydney, Melbourne and Perth the initial case study sites.

Dr Marco Amati

RMIT University

1,676,889

2,634,687

4,311,576

01.07.15

31.12.20

Ongoing

4.1

Consolidating liveability indices and
transport futures

Increasing the prevalence of low-emission vehicles would make a significant
contribution to reducing Australia’s greenhouse gas emissions. This project will explore
current patterns of EV adaptation and infrastructure in Australian cities, and investigate
possible policy interventions that can accelerate future EV uptake.

Dr Terry Li

RMIT University

445,851

36,000

481,851

01.01.16

31.12.20

Ongoing

4.2

Making greening happen in
consolidated cities

This subproject is undertaking a four-part program of research to investigate and
propose pathways to operationalise urban greening in consolidating cities.

Dr Joe Hurley

RMIT University

664,079

103,000

767,079

01.01.16

31.12.20

Ongoing

4
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McKinney, M., Kowarik, I., & Kendal D. (2018). The
contribution of wild urban ecosystems to liveable
cities. Urban Forestry & Urban Greening, 29, 334335.

https://nespurban.edu.au/wpcontent/uploads/2018/11/EditorialUrban-wild-preprint.pdf

Elliott, C., Kendal, D & Bush, J., (2019). Monitoring
and evaluating urban greening Factsheet for
Subproject 3.10 – Monitoring and
Evaluation of multifunctional green space at
different scales. Clean Air and Urban Landscapes
Hub, Melbourne.

https://nespurban.edu.au/wpcontent/uploads/2019/12/UrbanGreening-Monitoring-and-EvaluationFactsheet.pdf

Li, T., Sipe, N., & Dodson, J. (2017). Social and spatial https://nespurban.edu.au/wpeffects of transforming the private vehicle fleet in content/uploads/2018/11/TransportBrisbane, Australia. Transportation Research Part D: Research-Part-D_2017.pdf
Transport and Environment, 51, 43-52.

Project Outcomes

(Has the project achieved, or are you moving towards
achieving, the outcomes identified in the Research Plan?
Describe how the research findings have been/will be
used to inform decision-making and on-ground action.
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This work is still in progess, and through
collaborations with local government agencies
in WA, has been identifying the
multifunctional benefits of urban green space
at different scales – from local sites to whole
cities. This project will produce a practical
monitoring and evaluation framework for
urban green space.
Researchers in this subproject have held
multiple discussions with WALGA and are
currently working towards the project
outcomes, which are anticipated in 2020.
Outcomes from this subproject will assist
urban planners in better considering
biodiversity while undertaking urban forest
interventions.
Although this subproject is still in its early
stages, the collaborative approach that this
early work has taken between researchers,
the Noongar community, and other
stakeholders has resulted in a meaningful and
nuanced project plan with a broad range of
people and agencies invested in the outcomes
of this work. Three other organisations have
committed $50,000 of in-principle financial
support to this project, with multiple other
Major outcomes in Project 4 to date include
the delivery of the urban heat, vegetation, and
land-use mapping framework to stakeholders
(WA, VIC and NSW governments, and local
governments within these states), the
production of liveability scorecards for21
major cities across Australia (including capital
and regional cities), and the launch of the
Australian Urban Observatory. The AOU
provides open-access data on liveability
indicators that can be used by urban planners
and other practitioners, as well as accessed by
members of the community.

Researchers in this subproject have developed
an innovative and comprehensive transport
model incorporating data on transport
infrastructure, land use, dwelling units, work
income, and commuting. A consortium of
three local government areas in Victoria
(Hume Mitchell and Whittlesea) have
Armstrong, G P., Maitland, C., Lester, L., Trost, S. G., https://www.phrp.com.au/issues/marc This subproject is investigating relationships
Trapp, G., Boruff, B., Al Marzooqi, M. K., & Christian h-2019-volume-29-issue-1/associations- between land use, urban vegetation, the
H. E. (2019). Associations between the home yard between-the-home-yard-andurban heat island effect, and the impact of
and pre-schooler's outdoor play and physical
preschoolers-outdoor-play-and-physical- planning policy on vegetation cover. Using
activity. Public Health Research & Practice, 29 (1). activity/
data generated by this project, the research
https://doi.org/10.17061/phrp2911907
team has provided a high-level analysis of tree
canopy cover in Melbourne, Sydney and Perth
to Infrastructure Australia for inclusion (for the
first time) in the next Audit of Australian
Infrastructure. This data is being used in
Melbourne to inform Land Use Framework
Plans being developed by local government
authorities; in Perth to develop rule sets for
Planning Decision Support Tools; and in
Hooper, P., Boruff, B., Beesley, B., Badland, B., &
https://nespurban.edu.au/wpSydney shortly to assist local government
Giles-Corti, B. (2018). Testing spatial measures of
content/uploads/2019/04/Hooper_etal authorities in developing Local Environmental
public open space planning standards with walking _2018.pdf
Plans and Local Strategic Planning Statements.
and physical activity health outcomes: findings from
the Australian National Liveability Study. Landscape
CAUL Hub researchers have also utilised this
Phelan, K., & Hurley, J. Research brief: Enhancing
https://nespurban.edu.au/wpdata in the Shadeways project. In
urban greening. Prepared for the Clean Air and
content/uploads/2018/11/CAULRB01_E collaboration with the Smart Cities and Suburb
Urban Landscapes Hub.
nhancingUrbanGreening.pdf
Scheme and the City of Greater Bendigo, CAUL
researchers have designed a digital platform
to deliver urban heat data to active transport
Davern, M., Farrar, A., Kendal, D. & Giles-Corti, B.
https://www.healthyactivebydesign.co
users at a fine scale. This work is currently
(2016). Quality Green Public Open Space Supporting m.au/images/uploads/Green_Spaces_E
being expanded to the innovation district of
Health,
vidence_Review_-_FINAL_website.pdf
the Melbourne CBD.
Wellbeing and Biodiversity: A Literature Review.
Report prepared for the Heart Foundation SA
MacLachlan, A., Biggs, E., Roberts, G., Boruff, B.
10.3390/urbansci1040038
(2017). Urbanisation-induced Land Cover
Temperature Dynamics for Sustainable Future
Urban Heat Island Mitigation. Urban Science, 1(38).
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MacLachlan, A.C., Biggs, E., Roberts, G.J., and
Boruff, B.J. (2017). Sub-pixel land cover
classification for improved urban area estimates
using Landsat. International Journal of Remote
Sensing 38(20) 5763–5792
Pauli, N. & Boruff, B. (2016). Natural Environments,
Ecosystem Services and Green Infrastructure:
Planning for Perth’s ‘Green’ Matrix. In D. Biermann,
D. Olaru & V. Paül. (Eds.), Planning Boomtown and
Beyond (pp 908-4) Perth WA: UWA Publishing
Furlong, C., Phelan, K., & Dodson, J. (2017).
Greening the west - Assessment of the functioning
and implications of collaborative efforts to achieve
urban greening in Melbourne's west. RMIT Centre
for Urban Research
Christian, H., Rosenberg, M., Trost, S., Thornton, A.,
Schipperkin, J., Lester, l., Maitland, C., Trapp, G.,
Zubrick, S., Boruff, B., & Powell, J. (2018). A
snapshot of the PLAYCE project: Findings from the
Western Australian PLAY Spaces and Environments
Duncan, J. M. A., Boruff, B., Saunders, A., Sun, Q.,
Hurley, J., & Amati, M. (2018). Turning down the
heat: An enhanced understanding of the
relationship between urban vegetation and surface
temperature at the city scale Science of the Total
Clean Air and Urban Landscapes (CAUL) Hub (2018).
Mesh Block Vegetation Cover and Tree Canopy for
Perth and Peel - 2018, CAUL Hub.

https://www.tandfonline.com/doi/pdf/
10.1080/01431161.2017.1346403?nee
dAccess=true

https://data.aurin.org.au/dataset/caulmesh-block-2011-caul-tree-canopy-wa2018-na

Hurley, J., Taylor, E. & Phelan, K. (2017).
Collaboration with Caveats: A Case Study of
Research-Practice Exchange in Planning. Planning
Practice and Research, 32(5), 508-523.

https://nespurban.edu.au/wpcontent/uploads/2018/11/Collaboratio
n-with-Caveats-Research-PracticeExchange-in-Planning.pdf

Project Outcomes

(Has the project achieved, or are you moving towards
achieving, the outcomes identified in the Research Plan?
Describe how the research findings have been/will be
used to inform decision-making and on-ground action.
Use tangible and specific examples where possible. I.e.
rather than saying research will inform policy, include the
name of the policy/policies. E.g. Research results have
been used by Program X to inform Strategy X)

https://www.semanticscholar.org/pape
r/Natural-Environments%2C-EcosystemServices-and-Green-PauliBoruff/cc08a993ccba05a6034ba28eecc
f90bc76f6617f
https://nespurban.edu.au/wpcontent/uploads/2018/11/greening-thewest.pdf
http://www.sph.uwa.edu.au/__data/as
sets/pdf_file/0003/3098046/Childsplay_PLAYCE-Study-Report-2018.pdf
https://nespurban.edu.au/wpcontent/uploads/2018/12/1-s2.0S0048969718345790-main.pdf

NSW urban vegetation cover to modified Mesh
https://datasets.seed.nsw.gov.au/data
Block 2016, State Government of NSW and
set/nsw-urban-vegetation-cover-toDepartment of Planning, Industry and Environment modified-mesh-block-2016
2019.
Greater Sydney Region urban vegetation cover to
modified Mesh Block 2016, State Government of
NSW and Department of Planning, Industry and
Environment 2019.

https://datasets.seed.nsw.gov.au/data
set/nsw-heat-vulnerability-index-to-absstatistical-area-level-1-2016

NSW urban heat island to modified Mesh Block
https://datasets.seed.nsw.gov.au/data
2016, State Government of NSW and Department of set/nsw-urban-heat-island-to-modifiedPlanning, Industry and Environment 2019.
mesh-block-2016
NSW heat vulnerability index to ABS Statistical Area
Level 1 2016, State Government of NSW and
Department of Planning, Industry and Environment
2019

https://datasets.seed.nsw.gov.au/data
set/greater-sydney-region-urbanvegetation-cover-to-modified-meshblock

Clean Air and Urban Landscapes (CAUL) Hub (2018). https://services.land.vic.gov.au/Spatial
Melbourne Vegetation and land use cover 2014.
Datamart/index.jsp
Victorian Government Department of Environment,
Land, Water and Planning

4.3

Liveability

This project will continue to build on previous research investigating the liveability of
cities across Australia into regional contexts through the development of a conceptual
framework of liveability for the 21 largest cities in Australia, and additional regional
towns and cities across Victoria. The framework will be tested across a number of
regional towns and cities through the development of relevant regional indicators of
liveability that can be used for future monitoring and reporting purposes.

Dr Melanie Davern

RMIT University

438,792

105,665

544,457

01.01.16

31.12.20

Ongoing

Hurley, J., Saunders, A., Both, A., Sun, C., Boruff, B.,
Duncan, J., Amati, M., Caccetta, P. and Chia, J.
(2019). Urban Vegetation Cover Change in
Melbourne 2014 - 2018, Centre for Urban Research,
RMIT University Melbourne Australia
Saunders, A., Duncan, J., Hurley, J., Amati, M.,
Caccetta,P., Chia, J., & Boruff, B. (2020).
Leaf my neighbourhood alone! predicting the
influence of densification on residential tree canopy
cover in Perth
Sun, C., Hurley, J., Amati, M., Arundel, J., Saunders,
A., Boruff, B., & Caccetta, P. (2019). Urban
Vegetation, Urban
Heat Islands and Heat Vulnerability Assessment in
Davern, M. (2018). Australia - Victoria, Tasmania
and New South Wales: Using Neighbourhood Spatial
Liveability Assessment to Support Evidence-Based
Urban Health. In UN-Habitat (Ed.) Compendium of
Inspiring Practices: Health Edition . United Nations
Davern, M. & Brasher, K. (2017). Liveability with an
Age-Friendly Lens in rural Victoria: Linking
Liveability Indicators and Age Friendly principles
across the Shires of Indigo and Towong. RMIT
University, Melbourne, Victoria.
Nathan, A., Villanueva, K., Rozek, J., Davern, M.,
Gunn, L., Trapp, G., Boulange, C. & Christian, H.
(2018). The Role of the Built Environment on Health
Across the Life Course: A Call for Collaboration.
American Journal of Health Promotion, 32(6), 1460-

https://nespurban.edu.au/wpcontent/uploads/2019/07/urbanvegetation-cover-change.pdf
https://nespurban.edu.au/wpcontent/uploads/2020/04/Leaf-myneighbourhood-alone-predicting-theinfluence-of-densification-on.pdf
https://www.planning.vic.gov.au/__dat
a/assets/pdf_file/0018/440181/UHIand-HVI2018_Report_v1.pdf
https://unhabitat.org/books/compendi Research in this sub-project has extended its
um-of-inspiring-practices-health-edition- focus from capital cities to include regional
international-guidelines-on-urban-and- cities and towns. In consultation with the
territorial-planning/
Victorian Department of Health and Human
Services, NSW Department of Health, and
http://s3-ap-southeastTasmanian Department of Health, liveability
2.amazonaws.com/dutchmedia-static- assessments were undertaken in 13 local
upperhumepcp/wpgovernment areas in these states. This work
content/uploads/2018/03/23162938/In has contributed to the 10 year Public Health
digo-Towong-Summary-Report.pdf
Strategic Plan for the Greater Shepparton City
10.1177/0890117118779463a
Council, and has been used to inform the
revitalisation of Seymour in Victoria. These
liveability indices are also available via the
newly launched Australian Urban Observatory.
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Arundel, J., Lowe, M., Hooper, P., Roberts, R.,
https://cloudstor.aarnet.edu.au/plus/in
Rozek, J., Higgs, C., Giles-Corti, B. (2017). Creating dex.php/s/CJ4t5N3SFCOZTWP
liveable cities in Australia: Mapping urban policy
implementation and evidence-based national
liveability indicators RMIT University Melbourne
Davern, M. Roberts, R., & Higgs, C. (2018).
Neighbourhood Liveability Assessment of the Major
Townships of Mitchell Shire: Beveridge; Broadford;
Kilmore; Seymour; and Wallan. RMIT University,
Melbourne Australia
Davern, M., Roberts, R., & Higgs, C. (2018).
Neighbourhood Liveability Assessment of
Shepparton: The application of indicators as
evidence to plan for a healthy and liveable regional
city RMIT University Melbourne Victoria
Davern, M. , Roberts, R. , & Higgs, C. (2018).
Walkability in Tasmania: Assessment in the Local
Government Areas of Brighton, Clarence and
Launceston. RMIT University, Melbourne, Victoria.
Davern, M., Roberts, R., & Higgs, C. (2018).
Neighbourhood Liveability Assessment for Benalla:
Using Indicators to understand and plan for
liveability in the town of Benalla. RMIT University,
Melbourne Victoria
Gunn, L. D., Rozek, J., Hooper, P., Lowe, M.,
Arundel, J., Higgs, C., Roberts, R., & Giles-Corti B.
(2018). Creating liveable cities in Australia: A
scorecard and priority recommendations for
Melbourne Melbourne: RMIT University Centre for
Gunn, L. D., Rozek, J., Hooper, P., Lowe, M.,
Arundel, J., Higgs, C., Roberts, R., & Giles-Corti B.
(2018). Creating liveable cities in Australia: A
scorecard and priority recommendations for
Sydney Melbourne: RMIT University Centre for
Hooper, P., Rozek, J., Gunn, L. D., Lowe, M.,
Arundel, J., Higgs, C., Roberts, R., & Giles-Corti B.
(2018). Creating liveable cities in Australia: A
scorecard and priority recommendations for Perth,
Melbourne: RMIT University Centre for Urban
Gunn, L. D., Rozek, J., Hooper, P., Lowe, M.,
Arundel, J., Higgs, C., Roberts, R., & Giles-Corti, B.
(2018). Creating liveable cities in Australia: A
scorecard and priority recommendations for
Brisbane Melbourne: RMIT University Centre for
Davern, M., Gunn, L., Whitzman, C., Higgs, C., GilesCorti, B., Simons, K., Villenaueva, K., Mavoa, S.,
Roberts, R. & Badland, H. (2018). Using spatial
measures to test a conceptual model of social
infrastructure that supports health and wellbeing
Davern, M., Roberts, R. & Higgs, C. (2019). A
Neighbourhood Liveability Assessment of the Swan
Hill Rural City: An investigation of the towns of
Swan Hill and Robinvale. RMIT University:
Melbourne Australia
Davern, M., Roberts, R. & Higgs, C. (2019). A
Liveability Assessment of the Gannawarra Shire: an
investigation of Kerang and Cohuna. RMIT
University: Melbourne, Australia.

http://www.benalla.vic.gov.au/files/ass
ets/public/all-pdfs/document-benallaneighbourhood-liveability-report.pdf
https://nespurban.edu.au/wpcontent/uploads/2018/11/melbournecity-score-cards-compressed.pdf
https://nespurban.edu.au/wpcontent/uploads/2018/11/sydney-cityscore-cards_final.pdf
https://nespurban.edu.au/wpcontent/uploads/2018/11/perthscorecard.pdf
http://cur.org.au/cms/wpcontent/uploads/2018/12/brisbane-cityscore-cards.pdf
https://doi.org/10.1080/23748834.201
8.1443620

Davern, M., Roberts, R. & Higgs, C. (2019). A
Liveability Assessment of 5 Regional Towns across
the Shire of Buloke: Birchip, Charlton, Donald, Sea
Lake and Wycheproof. RMIT University: Melbourne,
Australia
Higgs, C., Badland, H., Simons, K., Knibbs, L. D., &
https://ijGiles-Corti, B. (2019). The Urban Liveability Index:
healthgeographics.biomedcentral.com/
developing a policy-relevant urban liveability
articles/10.1186/s12942-019-0178-8
composite measure and evaluating associations
with transport mode choice International Journal of
Davern, M., Roberts, R. & Higgs, C. (2019).
Neighbourhood Liveability Assessment of the Rural
City of Mildura. RMIT University: Melbourne,
Australia.
Lowe, M., & Hooper, P. (2016). Research Brief:
Improving Liveability. Clean Air and Urban
Landscapes Hub.
4.4

Indoor air quality (NB: this project was In urban areas, more than 90% of our exposure to hazardous pollutants occurs indoors.
moved to subproject 7.3 from RPv4) This subproject generated new knowledge on the sources and types of air pollutants
that pose the greatest risks; identified and evaluated the most effective reduction
measures; and provided findings to promote the health of indoor environments and
urban systems.

Prof Anne Steinemann

James Cook University

69,445

8,628

78,073

01.07.15

31.12.17

Completed

https://nespurban.com/wpcontent/uploads/2018/11/CAULRB03_I
mprovingLiveability.pdf
This work was moved to Project 7.3 as part of
RPv4.
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4.5

5

5.1

A publication for local government on This project traces how local governments develop green infrastructure strategies and
the tools and techniques to increase points to the pathways that urban decision-makers such as planners, arborists and
greening
environmental professionals can use in developing green infrastructure.
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58,722

0

58,722

01.01.18

31.12.20

Ongoing

Although this subproject is still in the early
stages, a workshop with key stakeholders
(Greener Spaces, Better Places, Hort
Innovation Australia and AILA) is planned for
later this year to inform this project. It is
intended that the publication will be targeted
towards local governments and urban
practitioners.

Project 5 includes research to promote
biodivresity and conservation in urban areas.
Progress towards this outcome in 2019
included an analysis of conservation actions
for 39 EPBC-listed species whose geographic
ranges are restricted to urban areas; a beforeand-after study that identified significant
social and ecological benefits of pop-up parks;
and successful engagement of thousands of
visitors to The Living Pavilion festival with
ideas of biodiversity and Indigenous place in
cities. The CAUL Hub’s work in this arena has
increased recognition of urban environments
as valuable places for biodiversity, including
threatened species, as reflected in policy
documents such as Australia's Strategy for
Nature 2019-2030. Outcomes of The Living
Pavilion include changes to the landscape
design for the new student precinct at the
University of Melbourne: increased
greenspace, additional emphasis on
indigenous plantings and a plan for a wetland
that will bring a section of the buried Bouverie
Creek back to the surface. The CAUL Urban
Wildlife app (now with an added module on
Ives, C. D., Lentini, P. E., Threlfall, C. G., Ikin, K.,
https://nespurban.edu.au/wpThis work on baselining urban biodiversity,
Shanahan, D. F., Garrard, G. E., Bekessy, S. A., Fuller, content/uploads/2019/01/Ives_et_al- with an emphasis on EPBC-listed species that
R. A., Mumaw, L., Rayner, L., Rowe, R., Valentine, L. 2015occur in Australian cities, has changed the
E., & Kendal, D. (2016). Cities are hotspots for
Global_Ecology_and_Biogeography.pdf conversation about the value and importance
threatened species. Global Ecology and
of urban environments for Australia's
Threatened Species in Urban Areas Dataset. Clean https://nespurban.edu.au/platforms/th threatened flora and fauna. This includes
Air and Urban Landscapes Hub and Threatened
reatened-species-map/
recognition of the importance of urban nature
Species Recovery Hub.
in 'Australia's Strategy for Nature 2019-2030'.

The construction and expansion of cities often leads to the loss of native species and
ecological communities, to the detriment of biodiversity but also the detriment of the
human urban experience. Of direct relevance to the Department, state agencies and
local government, this project will address the broad question of how humans can
effectively share the urban habitat with other species. This includes the protection
and/or restoration of important habitat elements within cities, and the conservation of
threatened species and other urban biodiversity. The project will also consider how to
engage people with nature in the city more effectively, and measure the benefits that
people derive from everyday encounters with urban biodiversity.

Dr Caragh Threlfall

The University of
Melbourne

1,323,322

2,361,362

3,684,684

01.06.15

31.12.20

Ongoing

Baselining urban biodiversity

This work synthesised data on the distribution of all federally-listed threatened species
within 99 Australian cities, and identified a subset of 376 threatened species that have
some of their range within urban and peri-urban environments, including 26 species
targeted for action in the National Threatened Species Strategy.

Kylie Soanes

The University of
Melbourne

79,574

9,695

89,268

01.06.15

31.12.17

Completed

Many species have been lost from our urban areas. This sub-project is investigating
opportunities to bring species back into urban environments as a way to reverse the
trend of species loss, restore ecological function and ecosystem services, and reconnect
people with traditional Aboriginal knowledge.

Project Outcomes

RMIT University

The Shared Urban Habitat

Bringing nature back into cities

Link to output

(Provide hyperlinks to outputs/products where
available)

Dr Marco Amati

Soanes, K., Sievers, M., Chee, Y. E., Williams, N. S.
G., Bhardwaj, M., Marshall, A. J., Parris, K. M.
(2018). Correcting common misconceptions to
inspire conservation action in urban environments.
Conservation Biology, 33, (2), 300-306.
Soanes, K., & Lentini, P. (2019). When cities are the
last chance for saving species. Frontiers in Ecology
and the Environment, 17(4), 483–486.

5.2

Outcomes

Dr Luis Mata

RMIT

368,906

69,750

438,656

01.06.15

31.12.20

Ongoing

Mata, L., Garrard, G. E., Hahs, A. K., Bolitho, J.,
Chambers, L., Clemann, N., Faulkner, R., Foster, J.,
Harris, G. J., Kutt, A., McMaster, D., McMullanFisher, S., Menkhorst, P., Read, C., Sinclair, S.,
Sparks, D., Stajsic, V., Tsyrlin, E., West, M., Parris, K.,
Soanes, K. (2019). Project summary - Prioritising
conservation efforts and communicating
conservation opportunities in urban areas.
Factsheet for the Threatened Species Recovery Hub
and Clean Air and Urban Landscapes Hub.
Kirk, H., Threlfall, C., Soanes, K., Ramalho, C. E.,
Parris, K., Amati, M., Bekessy, S. A., & Mata, L.
(2018). Linking Nature in the City: A framework for
improving ecological connectivity across the City of
Melbourne. Report prepared for the City of
Melbourne.

https://conbio.onlinelibrary.wiley.com/
doi/full/10.1111/cobi.13193

https://nespurban.edu.au/wpcontent/uploads/2020/05/Soanes-andLentini-2019_preprint_urbanthreatened-species_when-cities-arelast-chance pdf
https://nespurban.edu.au/wpcontent/uploads/2018/11/CAULRR03_
CoMTargetSpeciesRewilding_Jun2016.p
df
https://nespurban.edu.au/wpcontent/uploads/2018/11/Project-6.3.6Prioritising-urban-TSconservation_Factsheet-FINAL1.pdf
https://nespurban.edu.au/wpThe CAUL Hub has established a public
content/uploads/2019/02/FINAL_Linkin elicitation platform, which seeks to identify
gNature30012019.pdf
traits of animals that are more or less
charismatic. This will assist in informing which
species are culturally and socially appropriate
to reintroduce into urban environments, and is
now available in its final form on the CAUL Hub
website. In addition, a paper written in
collaboration with several Indigenous authors
has explored the social, cultural an decological
considerations of bringing nature back into
cities
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5.3

Developing an integrated Urban
Citizen Science Program

Cities are ideal places to conduct citizen-science projects because dense human
populations mean a large pool of potential participants. However, current urban citizen
science projects in Australia are often quite fragmented. This sub-project developed an
integrated program of urban citizen science projects in capital and regional cities around
Australia.

Dr Kirsten Parris

University of Melbourne

425,658
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$
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Total Budget*
$

448,508

Outputs

Outputs
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31.12.20

Ongoing
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Mata, L., Ramalho, C. E., Kennedy, J., Parris, K. M.,
Valentine, V., Miller, M., Bekessy, S., Hurley, S., &
Cumpston, Z. (2020). Bringing nature back into
cities. People and Nature, 2020, 00, 1–19.

https://besjournals.onlinelibrary.wiley.
com/doi/epdf/10.1002/pan3.10088

The health and wellbeing outcomes of bringing
nature back to cities: Understanding residents’
perceptions, fears and hopes: A presentation given
to the Royal Geographical Society (with Institute of
British Geographers) Annual International
Mumaw, L. M., Maller, C., & Bekessy S. A. (2017).
Strengthening wellbeing in urban communities
through wildlife gardening. Cities and the
Environment (CATE), 10, Article 6.

https://nespurban.edu.au/wpcontent/uploads/2019/12/MallerFarah
ani_presentation_RGS2019B-002-71.pdf

Mata, L., Retra, K., Saunders, M., & Threlfall, C.
(2018). An identification guide to some of the most
beneficial insects in Australian urban greenspaces –
the CAUL Hub ‘Beneficial Insects’ app training
module Clean Air and Urban Landscapes Hub
Steven, R., & NESP Threatened Species Recovery
Hub. (2019). Got a possum in your backyard? We'd
love to know, Media Release, SCIMEX.

https://nespurban.edu.au/wpcontent/uploads/2018/11/CAUL-HubUrban-Wildlife-app-Beneficial-Insectstraining-module-Mata-et-al.-v1-April2018 pdf
http://www.nespthreatenedspecies.ed
u.au/news/got-a-possum-in-yourbackyard-we-d-love-to-know

Steven, R., & NESP Threatened Species Recovery
Hub (2019). Wineries for ringtails, NESP TSR Hub.

http://www.nespthreatenedspecies.ed
u.au/news/wineries-for-ringtails

Steven, R. & TSR Hub (2019). A new citizen science
tool for understanding the conservation
opportunities and challenges facing Australia’s
possums and gliders, findings factsheet. TSR Hub

http://www.nespthreatenedspecies.ed
u.au/_images/Projects/6.5%20possum
%20app%20findings%20factsheet_web
_n.pdf
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Use tangible and specific examples where possible. I.e.
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https://nespurban.edu.au/wpcontent/uploads/2019/01/strengthenin
g-wellbeing-through-wildlifegardening.pdf
During 2019 the CAUL Hub finalised its citizen
science app, enabling observations of
beneficial insects, frogs, and possums and
gliders (the latter module in collaboration with
the Threatened Species Recovery Hub) in cities
around Australia. More than 3,000 records
have been uploaded to date and many
community-engagement activities have
demonstarted the popularity of thsi approach
for engaging citizens with urban nature

CAUL Hub researchers collaborated with
Westgate Biodiversity to develop Pollinator
Observatories, which trains citizen scientists to
CAUL Urban Wildlife App (available to download on https://nespurban.edu.au/platforms/ca make observations of plant-pollinator
interactions. This is the first program of its
Google Play or the Apple Stores)
ul-urban-wildlife-app/
type, and has been adopted by the City of
Glen Eira into its Biodiversity Next Door citizen
science program. The data collected in these
events and programs can be used by local
Kidd, L., Bekessy, S. & Garrard, G., (2019). Neither https://nespurban.edu.au/wphope nor fear: Empirical evidence should drive
content/uploads/2020/05/Kidd-et-al.- governments to determine which plant
biodiversity conservation strategies, Trends in
2019-Neither-hope-nor-fear-Empirical- species are best suited to support native
insect pollinators in urban environments.
Ecology and Evolution, 34(4), p278-282.
evidence.pdf

Steven, R., & TSR Hub (2019). VIDEO: Citizen Science https://www.youtube.com/watch?v=7
for Threatened Species Conservation - Priority
ZfG38Mp_pg
Mammal Species: Western ringtail possum.
YouTube and TSR Hub
Steven, R., Barnes, M., Garnett, S. T., Garrard, G.,
https://conbio.onlinelibrary.wiley.com/
O'Connor, J., Oliver, J. L., Fuller, R. A. (2019).
doi/10.1111/csp2.100
Aligning citizen science with best practice:
Threatened species conservation in Australia.
Conservation Science and Practice 1(10) e100
Lee, K. L. , et al. (2018). Assessing the psychological
benefits of engaging with urban biodiversity. Report
prepared for Parks Victoria.

5.4

Ecology and conservation of native
wildlife in cities

This subproject investigated the ecology of and conservation strategies for native
wildlife in Australian cities across three taxonomic groups - frogs, flying foxes and
beneficial insects (pollinators, predators and parasitoids).

Dr Kirsten Parris

University of Melbourne

254,117

13,501

267,617

01.06.15

31.12.20

Ongoing

Lee, K. E., & Kendal, D. (2018). Managing
https://trove.nla.gov.au/work/2274746
biodiversity through social values and preferences. 67?q=Managing+biodiversity+through+
In: A. Ossola & J. Niemelä (Eds.), Urban biodiversity: social+values+and+preferences&c=boo
From Research to Practice. London & New York:
k
Routledge
Lentini, P. , Woinarski, J. , Wintle, B. , Garnett, S. and https://nespurban.edu.au/wpCurrey, K. (2016). Submission into Inquiry into Flying- content/uploads/2018/11/Lentini_et_al
fox management in the eastern states. Threatened _Flying_Fox_Submission.pdf
Species Recovery; Clean Air and Urban Landscapes
Hubs
Ramalho, C. E. , Ottewell , K. M. , Chambers, B. K. , https://journals.plos.org/plosone/articl In addition to multiple academic publications
Yates, C. J. , Wilson, B. A. , Bencini, R., & Barrett, G. e?id=10.1371/journal.pone.0191190
relating to conservation of urban species
(2018). Demographic and genetic viability of a
including frogs, flying foxes, and groundmedium-sized ground-dwelling mammal in a fire
dwelling mammals, researchers in this
prone rapidly urbanizing landscape PLoS ONE
subproject have undertaken extensive
Ramalho, C. E. , Laliberté, E. , Poot, P. , Hobbs, R.
https://nespurban.edu.au/wpcommunity outreach through radio interviews,
Effects of fragmentation on the plant functional
content/uploads/2019/04/2018_Effects- The Conversation, and local events and
composition and diversity of remnant woodlands in of-fragmentation-on-plant-functionpresentations. This includes multiple guest
a
compositionlectures by Cristina Ramalho at UWA and
young and rapidly expanding city J Veg Sci
diversity Ramalho@JVS pdf
Murdoch University, the 'Wild City' Art play
Faulkner, R. , Corney, H. , Damiens. F. , Kusmanoff, https://rmitconservationscience.files.w
workshop by Luis Mata, and participation in
A. , Gordon, A. , Hardy, M. , Backstrom, A. , Mata, L. ordpress.com/2012/11/icsr_rmit_com
the Threatened Species Recovery Hub
, Mumaw, L. , Selinske, M. , Hartridge, S., van
ments-draft-national-lbp-recoveryRoadshow in Perth.
Wijnen. S. , Smith, T. , Garrard, G. E. , Peterson, I. , plan.pdf
Torabi N and Bekessy S A (2016) Comments on
Mata, L. , Vogel, B. , Bolitho, J. (2020). Pollinator
https://nespurban.edu.au/wpObservatories – Citizen science to engage people
content/uploads/2020/01/Mata-et-al.with nature in cities. Report prepared for Westgate 2020-Pollinator-Observatories.pdf
Biodiversity: Bili Nursery & Landcare.
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Hardy, M. J. , Fitzsimons, J. A. , Bekessy, S. A. ,
Gordon, A. (Online, 20 July 2017). Factors
influencing property selection for conservation
revolving funds. Conservation Biology, Vol. 32, pp.
276–286
Kusmanoff, A. , Selinske, M. , Mata, L. , Bekessy, S.
A. , Gordon, A. , Garrard, G. E. , Corney, H. ,
Backstrom, A. , Toorabi, N. , Hardy, M. and Damiens,
F. (2016). Submission on Victoria’s new biodiversity
strategy: Protecting Victoria’s Environment –
Ives, C. D. , Oke, C. , Hehir, A. , Gordon, A. , Wang,
Y. , Bekessy, S. A. , (2017). Capturing residents’
values for urban green space: Mapping, analysis and
guidance for practice. Landscape and Urban
Planning Vol 161 pp 32-43
Lindenmayer, D. B. , Crane, M. , Evans, M. C. ,
Moron, M. , Gibbons, P. , Bekessy, S. A. , Blanchard,
W. (2017). The anatomy of a failed offset. Biological
Conservation, Vol. 210, pp. 286-292.

https://nespurban.edu.au/wpcontent/uploads/2020/05/Factorsinfluencing-property-selection-forconservation-revolving-funds.pdf

Maron, M. , Ives, C. D. , Kujala, H. , Bull, J. W. ,
Maseyk, F,. Bekessy, S. A. , Gordon, A. , Watson, J.
E. M. , Lentini, P. , Gibbons, P. , Possingham, H. P. ,
Hobbs, R. J. , Keith, D. A. , Wintle, B. A. , Evans, M. C.
(2016) Taming a wicked problem: resolving
City of Melbourne Biodiversity Portal (2019).
Dataset.

https://academic.oup.com/bioscience/
article/66/6/489/2754298

https://rmitconservationscience.files.w
ordpress.com/2012/11/icsrgsubmission-vic_biodiversity_2016.pdf
https://nespurban.edu.au/wpcontent/uploads/2018/11/Ives-et-al.2017.pdf
https://nespurban.edu.au/wpcontent/uploads/2020/04/Project5.1_2017_Lindenmayer-et-al_Anatomyof-a-failed-offset-postprint.pdf

http://biodiversity.melbourne.vic.gov.a
u/insects/#/

Kusmanoff, A. , Gordon, A. , Backstrom, A. ,
Damiens, F. , Faulkner, R. , Garrard, G. E. , Hardy. M.
, Hartridge, S. , Mata, L. , Mumaw, L. , Selinske, M. ,
Torabi, N. and Bekessy, S. A. (2016). Review of the
Native Vegetation Clearing Regulations
Mumaw, L. M. , & Bekessy, S. A. (2017). Wildlife
gardening for collaborative public–private
biodiversity conservation. Australasian Journal of
Environmental Management, Vol. 24, pp. 242-246.

https://rmitconservationscience.files.w
ordpress.com/2012/11/icsrgsubmission-vic-native-veg-clearing-regreview.pdf

Parris, K. M. (2015). Ecological impacts of road noise
and options for mitigation. Pp. 151-158 in R. van der
Ree, C. Grilo and D. Smith (eds), Handbook of Road
Ecology (Wiley Blackwell, Oxford).

https://nespurban.edu.au/wpcontent/uploads/2020/04/Ecologicalimpacts-of-road-noise-and-optionsfor.pdf

Parris, K. M. (2016). Ecology of Urban
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Ordóñez, C. , Threlfall, C. G. , Livesley, S. J. , Kendal,
D. , Fuller, R. A. , Davern, M. (2020). Decisionmaking of municipal urban forest managers through
the lens of governance, Environmental Science &
Policy 104 136-147
Oertli, B. , Parris, K. M. (2019). Toward management
of urban ponds for freshwater biodiversity,
Ecosphere 10 (7).
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Ordóñez, C. , Threlfall, C. G. , Kendal, D. , Hochuli, D.
F. , Davern, D. , Fuller, R. A. (2019). Urban forest
governance and decision-making: A systematic
review and synthesis of the perspectives of
municipal managers Landscape and urban planning
Haddock, J. K. , Threlfall, C. G. , Law, B. , Hochuli, D.
F. (2019). Light pollution at the urban forest edge
negatively impacts insectivorous bats, Biological
conservation 236, 17-28.

https://academic.oup.com/jue/article/
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Kendal, D. , Flies, E. , Marsh, P. , Jones, P. , Threlfall,
C. , Egerer, M. , Jones, M. (2019). Managing Urban
Landscapes for Biodiversity Conservation and
Human Health, Healthy Landscapes Research
Group University of Tasmania Hobart Tasmania
Tasker, P. , Reid, C. , Young, A. D. , Threlfall, C. G. ,
Latty, T. (2019). If you plant it, they will come:
quantifying attractiveness of exotic plants for
winter-active flower visitors in community gardens,
Urban Ecosystems 1-10
Bhardwaj, M. , Soanes, K. , Lahoz‐Monfort, J. J ,
Lumsden, L. F. , van der Ree, R. (2019). Little
evidence of a road‐effect zone for nocturnal, flying
insects, Ecology and evolution 9 (1), 65-72.

http://ecite.utas.edu.au/136544
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https://doi.org/10.1002/ecs2.2810
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Bhardwaj, M. , Soanes,K. , Lahoz-Monfort, J. J. ,
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Environmental Management 262 110313
Mata, L. , Threlfall, C. G. , Williams, N. S. G. , Hahs, https://www.nature.com/articles/srep
A. K. , Malipatil, M. , Stork, N. E. , Livesley, S. .J.
40970.pdf
(2017). Conserving herbivorous and predatory
insects in urban green spaces. Scientific Reports,
Vol 7 40970
Sievers, M., Hale, R., Parris, K. M., Melvin, S. D.,
https://nespurban.edu.au/wpLanctôt, C. M., Swearer, S. M., (2019). Contaminant- content/uploads/2020/04/contaminantinduced behavioural changes in amphibians: A meta- induced-behavioural-changes-inanalysis, Science of the Total Environment. Vol 693, amphibians-a-meta-analysis.pdf
133570
Mata, L. (2016). The Little Things that Run the City. http://wildmelbourne.org/articles/theWild Melbourne, 9 November 2016.
little-things-that-run-the-city

5.5

Indigenous-led research on
biodiversity in the city

All urban environmental practices, research and policy occurs on and in Aboriginal
Country. No matter the focus, approach, personnel, timing or framing, all of these
practices have an impact on the lives and futures of Aboriginal people. A key challenge,
then, is for urban practitioners and researchers to respond meaningfully to the
expectations, rights and aspirations of Indigenous communities in urban areas. The
proposed project seeks to meet this challenge within the realm of Indigenous
perspectives on biodiversity in the city.

Zena Cumpston

University of Melbourne

21,097

5.6

Practical actions for conservation in
Australian cities

Urban areas are often overlooked and undervalued in conservation planning,
representing a significant missed opportunity to protect, enhance and engage with
biodiversity. As such, there is little guidance for managers on how to implement
conservation actions targeted to urban environments, no coordinated evidence base,
and general narrative that there is little worth doing. This project will identify
opportunities to make conservation gains in urban areas, exploring opportunities to
enhance urban biodiversity, preserve threatened species, and connect people with
nature.

Caragh Threlfall

University of Melbourne

173,971

140,314

20,513

161,411

01.01.18

31.12.20

Ongoing

194,484

01.01.18

31.12.20

Ongoing

Soanes, K. , Cranney, K. , Dade, M. C. , Edwards, A.
M. , Palavalli‐Nettimi, R. (2019). How to work with
children and animals: A guide for school‐based
citizen science in wildlife research, Austral Ecology
1, Vol 45(1), pp 3-14

https://nespurban.edu.au/wpcontent/uploads/2020/04/How-towork-with-children-and-animals-Aguide-for-school-based-citizen-sciencein-wildlife.pdf

The main outcomes of this project to date
have arisen from The Living Pavilion (1 - 17
May 2019), which was held in collaboration
with multiple organisations including the
Thrive Research Hub, the University of
Melbourne's New Student Precinct,
Ecodynamics, and Art+Climate=Change.
Outcomes of The Living Pavilion to date
include changes to the landscape design for
the new student precinct at the University of
Melbourne: increased greenspace, additional
emphasis on indigenous plantings and a plan
for a wetland that will bring a section of the
buried Bouverie Creek back to the surface.
Interest in the use of native plants for urban
gardens and landscapes has also boomed
since The Living Pavilion, with Research Fellow
i conducted
ih
dimorei than
f
During 2018 researchers
30 interviews with stakeholders and experts
across four states (from local government,
community groups Greening Australia and
other agencies), and this work has been made
available via two reports. Data from these
interviews will be used to inform strategies
and actions for conserving urban biodiversity
around Australia, and better ways to
incorprate Indigenous knowledge into onground actions for biodiversity in cities

Project
Number/ID

Project Name/Title

Project Summary

Project Leader

Lead Organisation

Approved Funding Research Plan Versions 1-6

(This should match the NESP funding, other cash-contribution, and other in-kind contribution listed in
RPV6 Attachment C.)

NESP Funding*
$

Total Other
Contributions*
$

Start Date

Completion Date

Status

(Use dropdown)

Total Budget*
$

Outputs

Outputs

(List outputs described in the project plan as well as any
additional outputs the project delivered. Insert extra rows as
needed)

Threlfall, C. G. , Soanes, K. , Ramalho, C. E. , Aiyer, A.
, Parris, K. , Maller, C. (2019). Conservation of urban
biodiversity: a national summary of local actions.
Report prepared by the Clean Air and Urban
Landscapes Hub
Briscoe, L. , and Roberts, A. (2019). Conservation of
urban biodiversity: a national summary of local
actions. Part 2 INDIGI LAB Review. Report prepared
for the Clean Air and Urban Landscapes Hub.

Network of Shared Study Sites

This work was previously scattered across several projects. This new structure will allow:
better leverage of researchers' site access for multiple studies; simplified contact
between CAUL and site managers; better access of site managers to the range of CAUL
capabilities

Dr Cecily Maller

RMIT University

426,251

800,382

1,226,632

01.07.17

31.12.20

Ongoing

6.1

Towards an Indigenous-led research
agenda

The Hub is working to position Indigenous knowledge as critical in environmental
research, showing a cross-cultural commitment to Caring for Country. Environmental
research and Indigenous philosophies represent complex knowledge systems. Both have
much to offer broad audiences but can seem inaccessible. CAUL is collaborating with
Indigenous story telling experts to expand our research on and share widely how
university-based knowledge systems are coming to recognise Indigenous knowledge
and authority in urban environments through projects undertaken at CAUL since 2015.

Jirra Harvey

RMIT University

161,567

9,899

171,466

01.07.17

31.12.20

Ongoing

6.2

From footpaths to ecosystems:
Street verges can play a key role in providing green space and ecosystem services
understanding the role of the verge in through shading and reducing heat, allowing for water infiltration and reducing run-off,
delivering urban ecosystem services giving habitat for wildlife, providing an amenity for residents including food production
and connection with nature. This subproject investigates the value of the street verge
system for promoting urban greening and biodiversity and increasing community
cohesion, focussing on the lower vegetation and ground strata.

Dr Natasha Pauli

University of Western
Australia

17,491

11,907

29,398

01.07.17

31.12.20

Ongoing

6.3

Social and biodiversity benefits of the The long-term goal of this subproject is to determine the impact of major urban
Upper Stony Creek Transformation
greening projects on residents, with a focus on human health and wellbeing, and
Project
biodiversity related outcomes associated with the revitalisation of urban greenspaces
and waterways. The project is based on a pre- and post-greening longitudinal design to
measure social and biodiversity dimensions to compare baseline and medium, long and
short-term outcomes.

Dr Cecily Maller

RMIT University

169,554

25,966

195,520

01.07.17

30.06.20

Ongoing
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https://nespurban.edu.au/wpcontent/uploads/2019/06/Actions-forBiodiversity-PART-I.pdf
https://nespurban.edu.au/wpcontent/uploads/2019/06/Actions-forBiodiversity-PART-II.pdf

Threlfall, C. , Soanes, K. , Ramalho, CE. , Aiyer, A. ,
https://nespurban.edu.au/wpParris, K. , and Maller, C. (2019). Understanding
content/uploads/2019/06/Urbanlocal actions to conserve urban biodiversity biodiversity-conservationV5.pdf
research summary. Clean Air and Urban Landscapes
Hub

Porter, L. , & Arabena, L. (2018). Flipping the Table.
Toward an Indigenous-led urban research agenda.
Interim Report. Clean Air and Urban Landscapes
Hub.

Project Outcomes

https://nespurban.edu.au/wpcontent/uploads/2018/11/interimreport-flipping-the-table-toward-anindigenous-led-research-agenda.pdf

Maller, C. (2018). Healthy urban environments:
More-than-human theories, Routledge Studies in
Environment and Health, Abingdon, United
Kingdom: Routledge.

Project 6 covers a diversity of research
including promotion of an Indigenous-led
research agenda and various projects
combining social and ecological research to
assess the benefits of urban greening in cities.
In November 2019, we launched the ThreeCategory Approach toolkit – a workbook and
associated workshop to guide non-Indigenous
researchers and practitioners in supporting
Indigenous-led research and creating space for
the co-design of projects. Other work in
Project 6, including social-ecological studies at
Stony Creek and Shiels Reserve in Melbourne,
and the road-verge study in Perth, have
engaged with a diveristy of end-users across
state and local government as well as local
Subproject 6.1 has examined whether
Indigenous engagement and participation
approaches in research can enable a
transformation toward Indigenous-led urban
environments research. The research provided
a critical analysis of standard engagement
practices and their effects on Indigenous
partners and provided a model for learning
with Indigenous perspectives to inform future
practice. The project has directly influenced
project partner Arup in their practice of
engagement with Indigenous partners and
communities. In November 2019, the CAUL
Hub launched the Three-Category Approach
toolkit – a workbook and associated workshop
to guide non-Indigenous researchers and
practitioners in supporting Indigenous-led
research and creating space for the co-design
of projects. The first two workshops, held in
Melbourne and Canberra, were a great
success. The City of Melbourne has
approached the Hub and pre-booked a
workshop for its design team, showing how
the toolkit is already in demand. The approach
can be applied to a wide range of areas,
Researchers in this subproject have
undertaken extensive consultations with LGAs
in the Perth region regarding the role and
management of street verges. Consultation
with local residents and communities is now
underway in relation to their views and use of
street verges, which will culminate in policy
briefs on street verge policies and baseline
patterns of use.

https://trove.nla.gov.au/work/2303338 Baseline biodiversity and human health results
07?q&versionId=254322162
have been collated for the Stony Creek site,
with a summary available on the CAUL
website at https://nespurban.edu.au/wpcontent/uploads/2018/11/upperstonycreekpa
Farahani, L. , Maller, C. & Phelan, K. (2018). 'Private https://nespurban.edu.au/wpmphletjuly2018.pdf.
Gardens as Urban Greenspaces: Can They
content/uploads/2018/11/Farahani_et
Compensate for Poor Greenspace Access in Lower al_2018_Gardens_greenspaces.pdf
Greening work is now underway but has been
Socioeconomic Neighbourhoods?', Landscape
delayed due to asbestos being found at the
Online, vol. 59, pp. 1-18.
site.
Mahmoudi Farahani, L. , Maller, C. (2018).
https://nespurban.edu.au/wpPerceptions and Preferences of Urban Greenspaces: content/uploads/2018/11/FarahaniMall
A Literature Review and Framework for Policy and er_2018_perceptions_preferences.pdf
Practice. Landscape Online, 2018.
Mahmoudi Farahani, L. , Maller, C. (2018).
10.4225/50/5b2f2ca26eed3
Investigating residents’ use and perceptions of
informal greenspaces: a study of Stony Creek in
Melbourne’s west. Analysis and Policy Observatory.
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Maller, C. , Mahmoudi Farahani, L. (2018). Snakes in 10.4225/50/5b2dc36e758f5
the city: understanding urban residents’ responses
to greening interventions for biodiversity. Analysis
and Policy Observatory, 2018.
Steele, W. , Wiesel, I. , Maller, C. (2019). More-than- https://nespurban.edu.au/wphuman cities: Where the wild things are, Geoform, content/uploads/2020/05/More-thanhuman-cities-where-the-wild-thingsVol 106, pages 411-415.
are.pdf

6.4

7

7.1

77,639

0

77,639

01.07.17

31.12.19

Completed

University of Wollongong

1,356,510

1,792,960

3,149,470

01.01.18

31.12.20

Ongoing

University of Wollongong

685,633

164,864

850,497

01.01.18

31.12.20

Ongoing

Biodiversity benefits of specific sitebased greening actions

There is a worldwide enthusiasm for renaturing cities and incorporating greening into
urban design. However, no studies have investigated the social and ecological changes
occurring after greening actions take place using standardised methods across a range
of sites. The CAUL Hub has worked closely with partners in Melbourne to quantify the
before and after biodiversity changes across a Network of Integrated Study Sites,
including the Upper Stony Creek transformation project (subproject 6.3). This subproject
will strengthen this research by expanding this network in Melbourne, as well as other
Australian cities, and establishing key sites for long-term monitoring.

Dr Luis Mata

RMIT University

Air quality in Australia

A new project to nationalise lessons from the Western Sydney study, since many of the
tools and questions are relocatable. Most of the sub-projects will be exploratory in 2018
with increased effort (if warranted) later as resources become available as Project 1
finishes at the end of 2018.

Dr Hugh Forehead

Emission sources and air quality

In this subproject researchers will focus on ensuring a better understanding of the main
sources of atmospheric trace gases and pollutants that impact on urban air quality. The
principal target sources will be: traffic related pollution; smoke from hazard reduction
burns, wildfires and wood-smoke from domestic heaters; and biogenic emissions from
trees and shrubs (which react with traffic emissions to increase ozone and fine
particulate matter in the atmosphere).

Dr Clare Murphy
Dr Hugh Forehead

Maller, C. , Farahani, L. , Mata, L. , Higgs, C. ,
Davern, M. , Parris, K. , Lee, K. , Williams, K. , &
Lentini, P. (2018). Upper Stony Creek
Transformation Project: A Socio-Ecological Study.
Information sheet prepared for the Clean Air and
Maller, C. , Mumaw, L. & Cooke, B. (2019). Health
and social benefits of living with ‘wild’ nature, in JT
du Toit, N Pettorelli & SM Durant (eds), Rewilding,
Cambridge University Press, Cambridge, pp. 165181.
Farahani, L. & Maller, C. (2019). Investigating the
benefits of ‘leftover’ places: Residents’ use and
perceptions of an informal greenspace in
Melbourne, Urban Forestry and Urban Greening.
Vol 41, pp 292-302.

https://nespurban.edu.au/wpcontent/uploads/2018/11/upperstonyc
reekpamphletjuly2018.pdf
https://trove.nla.gov.au/work/2325461
81?q&versionId=256932175

https://nespurban.edu.au/wpcontent/uploads/2019/05/Investigatingthe-benefits-of-leftover-places.pdf
Pre- and post-greening biodiversity surveys
have now been undertaken at all sites. Results
from this research will inform future urban renaturing and the incorporation of natural
habitats into urban design - for local
government agencies such as Moreland and
Brimbank City Councils.

2019 saw the completion of a special issue on
air quality in New South Wales in the journal
Atmosphere: 20 open-access papers on the
CAUL Hub’s air-quality research, including the
overview paper, ‘A Clean Air Plan for Sydney’.
This body of work considers many factors that
influence air quality, and has already led to
improved air quality modelling, monitoring
and forecasting and informed government
strategies on climate change, transport and
energy in Sydney.
The NSW Department of Planning, Industry
and Environment (DPIE) partnered with CAUL
researchers on many aspects of this work,
ensuring a direct link from the research into
government policy and program areas. The
increased awareness of air quality in Sydney
arising from this co-created work has seen
further air quality consideration of air quality
in NSW Government strategies such as the
Net Zero Plan, Future Transport 2056 and the
NSW Electricity Strategy. Papers in the special
issue have already received more than 13,500
full-text views, demonstrating the quality of
and broad interest in this work. Dr Hugh
Forehead presented CAUL’s air-quality work
via a very successful webcast to DoEE staff in
b 2018, CAUL
ld Hub and CAR researchers
During

Cope, M. , Fisher, J. , Forehead, H. , Hanigan, I. ,
Heyworth, J. , Knibbs, L. , Murphy, C. , Pereira, G. ,
Porta Cubas, A. , Rayner, P. , Silver, J. , Wilson, S.
(2018). Submission on the review of the National
Pollution Inventory (NPI) on behalf of the Clean Air
Forehead, H. (2020). Report on the development of
complementary tools for a complete framework for
road traffic emission modelling. Clean Air and Urban
Landscapes Hub.

https://nespurban.edu.au/wpcontent/uploads/2018/11/Submission- contributed a submission to the Review of the
on-NPI-review-2018.pdf
National Pollution Inventory. Researchers also
undertook traffic and air quality modelling,
which will be utilised in the Smart Cities
https://nespurban.edu.au/wpproject in collaboration with Liverpool City
content/uploads/2020/05/emissions- Council.
modelling.pdf

Fiddes, S. L. , Schofield, R. , Silver, J. , Rayner, P. ,
Murphy, (Paton-Walsh) C. , Brear, M. , Manzie, C. ,
Walter, C. , Irving, I. , Johnston, F. H. , Abramson, M.
J. , Heyworth, J. & Dharmage, S. C. (2018).
Submission on ‘Clean Air for All Victorians’,
Ramirez Gamboa, J. , Simmons, J. , Murphy, C.
(2019). Report on Atmospheric VOC Measurements.
Clean Air and Urban Landscapes Hub.

https://nespurban.edu.au/wpcontent/uploads/2018/11/MEI-CAULCAR_submission_Clean_Air_Vic.pdf
https://nespurban.edu.au/wpcontent/uploads/2020/01/Report-onAtmospheric-VOC.pdf

Popek, R. , Haynes, R. , Przybysz, A. , & Robinson, S. https://www.mdpi.com/2073A. (2019). How Much Does Weather Matter? Effects 4433/10/10/633
of Rain and Wind on PM Accumulation by Four
Species of Australian Native Trees. Atmosphere, 10,
633.

With ANSTO, CAUL Hub researchers have
undertaken an intercomparison project
resulting in improvements to biogenics
modelling. Data generated from this project
has already been utilised by NSW OEH, and
three OEH-led papers using these results have
been published as part of the special issue of
Atmosphere .
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7.2

Role of pollution from fires and urban This project has been rolled into subproject 7.1
air quality in Australian cities (NB: this
project has been rolled into
subproject 7.1 from RPv5)

Clare Murphy

University of Wollongong
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Zhang, Y. , Wang, K. , Jena, C. , Paton-Walsh, C. ,
Guérette, E. , Utembe, S. , Silver, J.D., & Keywood,
M. (2019). Multiscale Applications of Two OnlineCoupled Meteorology-Chemistry Models during
Recent Field Campaigns in Australia, Part II:
Guerette, E. , Chang, L. , Cope, M.E. , Duc, H.N. ,
Emmerson, K. M. , Monk, K. , Rayner, P. J. , Scorgie,
Y. , Silver, J.D. , Simmons, J. , Trieu, T. , Utembe, S. R.
, Zhang, Y. & Paton-Walsh, C. (2020). Evaluation of
Regional Air Quality Models over Sydney, Australia:
Dominick, D. , Wilson, S.R. , Paton-Walsh, C. ,
Humphries, R. , Guérette, E. , Keywood, M. , Selleck,
P. , Kubistin, D. , and Marwick, B. (2019). Particle
Formation in a Complex Environment. Atmosphere,
10, 275.
Desservettaz, M., Phillips, F., Naylor, T., Price, O.,
Samson, S., Kirkwood, J., and Paton-Walsh, C.
(2019). Air Quality Impacts of Smoke from Hazard
Reduction Burns and Domestic Wood Heating in
Western Sydney. Atmosphere, 10, 557.
Monk, K., Guérette, E., Paton-Walsh, C., Silver, J.D.,
Emmerson, K.M., Utembe, S.R., Zhang, Y., Griffiths,
A.D., Chang, L., Duc, H.N., Trieu, T., Scorgie, T., and
Cope, M.E. (2019). Evaluation of Regional Air
Quality Models over Sydney and Australia: Part
Guerette, E., Paton-Walsh, C., Galbally, I., Molloy, S.,
Lawson, S., Kubistin, D., Buchholz, R., Griffith,
D.W.T., Langenfelds, R.L., Krummel, P.B., Loh, Z.,
Chambers, S., Griffiths, A., Keywood, M., Selleck, P.,
Dominick, D., Humphries, R., and Wilson, S.R.
Haynes, A., Popek, R., Boles, M., Paton-Walsh, C.,
and Robinson, S.A. (2019). Roadside Moss Turfs in
South East Australia Capture More Particulate
Matter Along an Urban Gradient than a Common
Native Tree Species. Atmosphere, 10, 224.
Wadlow, I., Paton-Walsh, C., Forehead, H., Perez, P.,
Amirghasemi, M., Guérette, E., Gendek, O., and
Kumar, P. (2019). Understanding Spatial Variability
of Air Quality in Sydney: Part 2—A Roadside Case
Study. Atmosphere, 10, 217.
Zhang, Y., Jena, C., Wang, K., Paton-Walsh, C.,
Guérette, E., Utembe, S., Silver, J.D., and Keywood,
M. (2019). Multiscale Applications of Two OnlineCoupled Meteorology-Chemistry Models during
Recent Field Campaigns in Australia, Part I: Model
Phillips, F. A., Naylor, T., Forehead, H., Griffith, D. W.
T., Kirkwood, J., and Paton-Walsh, C. (2019.) Vehicle
Ammonia Emissions Measured in An Urban
Environment in Sydney, Australia, Using Open Path
Fourier Transform Infra-Red Spectroscopy.
Forehead, H. I. (2018.) Traffic and emissions
modelling and data in Australia. Report prepared for
the Clean Air and Urban Landscapes Hub.

https://www.mdpi.com/20734433/10/4/210

Simmons, J.B., Paton-Walsh, C., Phillips, F., Naylor,
T., Guérette, E., Burden, S., Dominick, D., Forehead,
H., Graham, J., Keatley, T., Gunashanhar, G., &
Kirkwood, J. (2019). Understanding Spatial
Variability of Air Quality in Sydney: Part 1—A
Forehead, H., Huynh, N. (2018) Review of modelling
air pollution from traffic at street-level – The state
of the science. Environmental Pollution, 241,
October 2018, 775-786.

https://www.mdpi.com/20734433/10/4/181

Quiet Streets and Clean Air: Street-level air quality
study in SE Sydney: A presentation given by Pascal
Perez at the International Symposia for Next
Generation Infrastructure (ISNGI), London, Sept
2017.
Forehead, H. (2019). What are we breathing? Clean
air – healthier cities Presentation prepared for the
Department of the Environment and Energy on
World Environment Day 2019.

https://nespurban.edu.au/wpcontent/uploads/2018/11/perez_isngi_
traffic-emissionssound_aug2017.pdf

Project Outcomes

(Has the project achieved, or are you moving towards
achieving, the outcomes identified in the Research Plan?
Describe how the research findings have been/will be
used to inform decision-making and on-ground action.
Use tangible and specific examples where possible. I.e.
rather than saying research will inform policy, include the
name of the policy/policies. E.g. Research results have
been used by Program X to inform Strategy X)

https://www.mdpi.com/20734433/11/3/233

https://www.mdpi.com/20734433/10/5/275

https://www.mdpi.com/20734433/10/9/557

https://www.mdpi.com/20734433/10/7/374

https://www.mdpi.com/20734433/10/7/383

https://www.mdpi.com/20734433/10/4/224

https://www.mdpi.com/20734433/10/4/217

https://www.mdpi.com/20734433/10/4/189

https://www.mdpi.com/20734433/10/4/208

https://nespurban.edu.au/wpcontent/uploads/2018/11/traffic-andemissions-modelling-and-data-inaustralia.pdf

https://nespurban.edu.au/wpcontent/uploads/2018/11/Foreheadetal-2018.pdf

https://nespurban.edu.au/wpcontent/uploads/2019/06/Air-QualityPresentation-for-World-Env-Day.pdf

Paton-Walsh, C. et al (2019). A Clean Air Plan for
Sydney: An Overview of the Special Issue on Air
Quality in New South Wales. Atmosphere, 10, 774.

https://www.mdpi.com/20734433/10/12/774

Forehead, H. & Huynh, N. (2019). Report on
proposed methodology for traffic emissions
modelling framework. Prepared for the Clean Air
and Urban Landscapes Hub.

https://nespurban.edu.au/wpcontent/uploads/2019/10/Report-onproposed-methodology-for-trafficemissions-modelling-framework.pdf
Work to date on this subproject has related to
establishing measurement capability in
Darwin, with air quality monitoring planned to
commence in the near future.
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7.3

Indoor air quality

In Australia, most human exposure to potentially hazardous air pollutants occurs
indoors, particularly volatile organic compounds (VOCs) from fragranced consumer
products such as cleaning supplies and air fresheners. No Australian regulations
currently address VOC emissions from products indoors, even though they can be a
primary source of both indoor and outdoor air pollutants. This work will explore the
nexus between indoor pollutant sources from volatile consumer products and both
indoor and outdoor air quality.

Professor Anne
Steinemann

University of Melbourne

150,935

Total Other
Contributions*
$

51,018

Start Date

Completion Date

Status

(Use dropdown)

Total Budget*
$

201,953

Outputs

Outputs

(List outputs described in the project plan as well as any
additional outputs the project delivered. Insert extra rows as
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Ongoing

Goodman, N.B., Wheeler, A.J.,Paevere, P.J., Agosti,
G., Nematollahi, N., & Steinemann, A. (2018).
Emissions from dryer vents during use of fragranced
and fragrance-free laundry products. Air Quality,
Atmosphere and Health, 12, 289–295.
Goodman, N. B., Wheeler, A. J., Paevere, P. J.,
Selleck, P. W., Cheng, M., & Steinemann, A. (2018).
Indoor volatile organic compounds at an Australian
university. Building and Environment, 2018, 135,
344-351.
Steinemann, A. (2018). Prevalence and effects of
multiple chemical sensitivities in Australia.
Preventive Medicine Reports. Volume 10, June
2018, 191-194.
Steinemann, A. , Wheeler, A. J. , & Larcombe, A.
(2018). Fragranced consumer products: effects on
asthmatic Australians. Air Quality, Atmosphere &
Health, 1-7.

Steinemann, A. (2019). International prevalence of
chemical sensitivity, co-prevalences with asthma
and autism, and effects from fragranced consumer
products. Air Quality, Atmosphere & Health,
12(5):519-527.
Steinemann, A. & Goodman, N. (2019). Fragranced
consumer products and effects on asthmatics: an
international population-based study. Air Quality,
Atmosphere & Health, 12(6):643-649.

Outcomes

Link to output

(Provide hyperlinks to outputs/products where
available)

Project Outcomes

(Has the project achieved, or are you moving towards
achieving, the outcomes identified in the Research Plan?
Describe how the research findings have been/will be
used to inform decision-making and on-ground action.
Use tangible and specific examples where possible. I.e.
rather than saying research will inform policy, include the
name of the policy/policies. E.g. Research results have
been used by Program X to inform Strategy X)

The CAUL Hub’s work on indoor air quality in
2019 included research on the prevalence of
fragrance sensitivity in the human population
and improvements to indoor air quality gained
by removing air fresheners from workplace
https://nespurban.edu.au/wpbathrooms. Many fragranced products emit
content/uploads/2018/11/Goodman-et- volatile organic compounds that can be
al.-2018-Indoor-volatile-organicharmful to people’s health. Emissions from
compounds-at-an-Australianfragranced products used indoors can also
university.pdf
migrate outdoors and contribute to the
10.1016/j.pmedr.2018.03.007
formation of urban smog. This research has
been translated into two factsheets for the
general community available via the CAUL Hub
website: ‘Fragranced Laundry Products and Air
Quality’ and ‘Air Fresheners and Air Quality’.
10.1007/s11869-018-0560-x
While operating ahead of regulation in many
jurisdications, this work has helped thousands
of people in Australia and internationally, as
demonstrated by the feedback that Professor
Anne Steinemann has received. This research
has led to changed practices in homes,
workplaces and public spaces and has been
used by a range of agencies and institutions
including Safe Work Australia, City of
Townsville, Canberra Hospital, the California
Department of Public Health and the US
https://nespurban.edu.au/wpcontent/uploads/2020/02/Steinemann2019c-International-prevalence-offragrance-sensitivity.pdf
10.1007/s11869-018-0643-8

https://link.springer.com/article/10.10
07/s11869-019-00693-w

Steinemann, A. (2019). International prevalence of
fragrance sensitivity. Air Quality, Atmosphere &
Health, 12(8), 891-897.

https://link.springer.com/article/10.10
07%2Fs11869-019-00699-4

Goodman, N., Nematollahi, N., Agosti, G. and
Steinemann, A. (2019). Evaluating air quality with
and without air fresheners. Air Quality, Atmosphere
& Health, 25 Oct. 13, 1–4.

https://nespurban.edu.au/wpcontent/uploads/2020/02/Goodman-etal.-2019-Evaluating-air-quality-with-andwithout-air-fresheners-006-1.pdf

Goodman, N., Nematollahi, N., Agosti, G. and
Steinemann, A., (2019). Evaluating air quality with
and without air fresheners. Air Quality, Atmosphere
& Health, 25 Oct. 13, 1–4.
Steinemann, A., 2019. Ten questions concerning
fragrance-free policies and indoor environments.
Building and Environment, 159:106054.

https://nespurban.edu.au/wpcontent/uploads/2020/04/Long-termexposure-to-low-air-pollutantconcentrations-and-the-relationshipwith-all-cause-mortality-and-stroke-inhttps://www.sciencedirect.com/scienc
e/article/pii/S0360132319302148?via%
3Dihub

Goodman, N. B. , Steinemann, A. , Wheeler, A. J. ,
Paevere, P. J. , Cheng, M. & Brown, S.K. (2017).
Volatile organic compounds within indoor
environments in Australia. Building and
Environment, 122, 116-125.
Steinemann, A. (2017). Health and Societal Effects
from Exposure to Fragranced Consumer
Products. Preventive Medicine Reports, 5, 45–47.

https://nespurban.edu.au/wpcontent/uploads/2018/11/Goodman-etal.-2017-Volatile-organic-compoundswithin-indoor-environments-inAustralia.pdf
https://nespurban.edu.au/wpcontent/uploads/2019/01/1-s2.0S2211335516301449-main-1.pdf

Steinemann, A., (2016). Fragranced Consumer
https://nespurban.edu.au/wpProducts: Exposures and Effects from Emissions Air content/uploads/2019/01/fragrancedQuality. Atmosphere and Health, 9, 861-866.
consumer-products.pdf
Steinemann, A. , Goodman, N. , & Nematollahi, N.
(2020). Air Fresheners and Air Quality: factsheet.
Clean Air and Urban Landscapes Hub.

https://nespurban.edu.au/wpcontent/uploads/2020/01/AirFresheners-and-Air-Qualityfactsheet.pdf

Steinemann, A., Goodman, N., & Nematollahi, N.
(2020). Fragranced Laundry Products and Air
Quality: factsheet. Clean Air and Urban Landscapes
Hub.

https://nespurban.edu.au/wpcontent/uploads/2020/01/FragrancedLaundry-Products-Air-Qualityfactsheet.pdf
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Ambient air quality, noise & health

Noise pollution is the excessive sound level that can disturb human or animal life. In
addition to transport infrastructure and vehicles, cars, trucks, motorbikes, airplanes, and
construction activity all contribute to ambient noise levels in cities. However, we do not
have good data on environmental exposure to noise. This subproject aims to develop
noise maps for Australian cities that will allow us to estimate household (habitat)
exposure to noise.

Integrated Environmental Assessment This cross-hub project draws on the considerable experience, regional knowledge, data
to Inform Environmental Decisions
and networks of the National Environmental Science Program hubs to develop a guide
for best-practice integrated-environmental assessment (IEA) in Australia. IEA is an
interdisciplinary and policy oriented process for combining knowledge from diverse
scientific disciplines and knowledge systems to inform and enhance decision-making.
Knowledge brokering,
The communication and knowledge brokering activities of the CAUL Hub, including
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Indigenous engagement.
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Salimi, F. , Hanigan, I. , Jalaludin, B. , Yuming, G. ,
Rolfe, M. , Heyworth, J. , Cowie, C. T. , Knibbs, L. D. ,
Cope, M. , Marks, G. B. , & Morgan, G. G. (2020).
Associations between long-term exposure to
ambient air pollution and Parkinson’s disease
prevalence: A cross-sectional study.
Neurochemistry International, 133, no. November
2019, 2020.

https://nespurban.edu.au/wpcontent/uploads/2020/05/Associationsbetween-long-term-exposure-toambient-air-pollution-and-Parkinsonsdisease-a-cross-sectional-study.pdf

Salimi, F. , Morgan, G. , Rolfe, M. , Samoli, E. ,
Cowie, C. T. , Hanigan, I. , Knibbs, L. , Cope, M. ,
Johnston, F. H. , Guo, Y. , Marks, G. B. , Heyworth, J.
, & Jalaludin, B. (2018). Long-term exposure to low
concentrations of air pollutants and hospitalisation
Hanigan, I. C. , Chaston, T. B. , Hinze, B. ,
Dennekamp, M. , Jalaludin, B. , Kinfu, Y. , & Morgan,
G. (2019). A statistical downscaling approach for
generating high spatial resolution health risk maps:
a case study of road noise and ischemic heart

10.1016/j.envint.2018.08.050

City Futures Conference Presentation: Bringing
Multi-Perspectives to Strengthen Urban
Sustainability Research, Practice and Policy,
Sweden, Oct 11 2018.

https://nespurban.edu.au/wpcontent/uploads/2018/11/cityfuturesc
onference_cathyoke_judybush.pdf

https://ijhealthgeographics.biomedcentral.com/
articles/10.1186/s12942-019-0184-x

Miller, M., & Oke, C. (2016). Indigenous
https://nespurban.edu.au/wpEngagement and Participation: A presentation given content/uploads/2018/11/caul_iap2pre
to the International Association for Public
sentation_oct2016.pdf
Participation conference, Adelaide, Oct 17 2016.
CAUL Hub Brochure: Cities are important
environments that are home to millions of
Australians. How can we make them better for
people and for biodiversity? Clean Air and Urban
Landscapes Hub.
Oke, C., Miller, M., Porter, L., Barrow, J., Arabena, L.
(2017). Indigenous perspectives on the urban
environment: an Indigenous-led research program.
Presentation at AIATSIS Conference.

https://nespurban.edu.au/wpcontent/uploads/2018/11/caulbrochur
ewebaugust2018.pdf

Caring for Country: An Urban Application. (2016).
Report: Monash University, City of Melbourne,
Indigenous Architecture & Design Victoria,
Melbourne Sustainable Society Institute and the
Clean Air and Urban Landscapes Hub.
Kalinya Communications. (2019). Report:
Communications Strategy for the Clean Air and
Urban Landscapes Hub.

https://nespurban.edu.au/wpcontent/uploads/2018/11/CaringforCo
untryReport_Apr2016.pdf

Urban Beat, Issue 12 (April 2020)

https://nespurban.edu.au/wpcontent/uploads/2020/04/DesignMatters-1.pdf

Urban Beat, Issue 11 (November 2019)

https://nespurban.edu.au/wpcontent/uploads/2019/11/UrbanBeat_I
ssue11_digital_final-1.pdf

Urban Beat, Issue Ten (July 2019)

https://nespurban.edu.au/wpcontent/uploads/2019/07/UrbanBeatN
AIDOC19_V11_digital_FINAL2.pdf

Urban Beat, Issue Nine (March 2019)

https://nespurban.edu.au/wpcontent/uploads/2019/04/UrbanBeat_I
ssue9_-FINAL_DIGITAL2.pdf

Urban Beat, Issue Eight (November 2018)

https://nespurban.edu.au/wpcontent/uploads/2018/11/UrbanBeat8.
pdf

Urban Beat, Issue Seven (July 2018)

https://nespurban.edu.au/wpcontent/uploads/2018/11/naidoc2018u
rbanbeat.pdf

Urban Beat, Issue Six (May 2018)

https://nespurban.edu.au/wpcontent/uploads/2018/11/urbanbeat06
_for-web.pdf

https://aiatsis.gov.au/publications/pres
entations/indigenous-perspectivesurban-environment-indigenous-ledresearch-program

https://nespurban.edu.au/wpcontent/uploads/2019/07/FinalCommunication-Strategy-for-the-CAULHub.pdf
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Noise maps are under development to assess
environmental exposure to noise in multiple
cities on a household by household level. This
will allow epidemiological assessment of noise
exposure as a health risk to people in the
cities. The maps will also be used to assess
impacts of traffic noise on acoustic
communication in urban frogs.
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Urban Beat, Issue Five (December 2017)

https://nespurban.edu.au/wpcontent/uploads/2018/11/urbanbeat05
_december2017.pdf

Urban Beat, Issue Four (July 2017)

https://nespurban.edu.au/wpcontent/uploads/2018/11/urbanbeat_j
uly2017_naidoc.pdf

Urban Beat, Issue Three (April 2017)

https://nespurban.edu.au/wpcontent/uploads/2018/11/urbanbeat03
_april2017.pdf

Urban Beat, Issue Two (December 2016)

https://nespurban.edu.au/wpcontent/uploads/2018/11/urbanbeat02
_december2016.pdf

Urban Beat, Issue One (July 2016)

https://nespurban.edu.au/wpcontent/uploads/2018/11/urbanbeat01
_july2016.pdf
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NESP Impact Story
Hub: Clean Air and Urban Landscapes
Title: Indigenous researchers create a collaboration toolkit for urban research and practice
Project number and project title Project 6.1 – Towards an Indigenous-led research agenda
Short version
Failure to recognise Indigenous knowledge systems in urban research and practice means lost
opportunities to improve cities for people and biodiversity. Developed by Indigenous researchers,
the Three-Category Approach Toolkit is designed to build this cultural awareness and walk urban
researchers and practitioners through processes for collaboration with Aboriginal and Torres Strait
Islander peoples and organisations. Indigenous-led workshops to demonstrate the Toolkit used reallife projects to show participants how communication, collaboration and co-design with Indigenous
people can create new and unexpected insights, enabling practitioners to identify opportunities to
re-frame their future professional work. The success of the Toolkit has prompted a Melbourne
council to request a workshop, while survey feedback shows workshop participants already have
plans to apply the Approach to future projects.

Narrative
“Indigenous engagement is new to many of us; the Three-Category Approach was created by
Indigenous researchers to provide guidance on how to do it respectfully.” (Quote from the CAUL
Hub’s Communications Strategy, prepared by Kalinya Communications)
For thousands of years, Indigenous knowledge systems have formed and shaped Australia’s
environment. To learn from these perspectives and make cities better for people and for
biodiversity, we need two-way sharing between Indigenous and non-Indigenous experts.
But cross-cultural work in an urban context is new to many of us, and often complex to deliver. To
overcome these barriers, the Three-Category Approach Toolkit was created by Indigenous
researchers, communicators and designers. It guides non-Indigenous professionals through three
categories: communicate, collaborate and co-design (Figure 1).

Figure 1: The categories behind the Three-Category Approach.
Illustrations by Dixon Patten of Bayila Creative.

The Three-Category Approach was developed by Torres Strait Islander researcher, scientist and
consultant Stan Lui, together with members of the Indigenous Advisory Committee of the
Commonwealth Department of Agriculture, Water and the Environment. The methodology was
incorporated into the CAUL Hub's research in 2016, in recognition of the critical role Indigenous
perspectives play in improving cities. In 2018, Jirra Lulla Harvey of Kalinya Communications set out
to produce a workbook based on the approach, following discussions with Stan.
The stories in the workbook are taken from interviews with researchers associated with the CAUL
Hub. These stories shine a light on the challenges, opportunities and lessons learnt from
participating in Indigenous-led research and two-way sharing:
“It has not been easy to move into the role of Research Fellow. Universities are not level
playing fields for First Peoples. There is a lack of respect and sometimes a dismissal of the
science used by our peoples to extract all that is needed from plants and Country in ways
that allow Country to be both nurtured and nurturing. I draw strength from my deep respect
for the ecological knowledge of my people and that is reason enough for me to be here,
communicating our perspectives and ways of knowing to a wide audience.” (Extract from
the Three-Category Approach workbook - a conversation with Zena Cumpston, Barkandji
woman and CAUL-Hub researcher).
The Toolkit (which consists of the workbook and a workshop) was launched by the CAUL Hub in
2019. The first practical workshops ran in Melbourne and Canberra, facilitated by Aboriginal leaders
Kirstine Wallis, Yorta Yorta woman and Ben Wilson, Yuggera man (Figure 2). These sell-out events
were well received by participants, who included academics, public sector professionals and
landscape architects. In a post-event survey, participants highlighted how the workshop has
changed the way they think about or do their work:
“It gave me a clearer idea of how to go about engaging with Indigenous communities and
empowered me to be able to do so.”
“The workshop allowed me to consider Indigenous collaboration at differing levels.” (Source:
SurveyMonkey post-event survey)
Some participants also said they would use the approach to inform future projects.
“The approach will inform all my future design work and how [to] inform myself before the
project even begins.”
“We are planning a consultation on a new open space and will use the book to think about
steps in consulting with the Traditional Owners, which is part of the work.”
“I will definitely use the Three-Category Approach to understand if and how current projects
are approaching co-design, as well as in the concept stages of future projects.” (Source:
SurveyMonkey post-event survey)
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Figure 2: Kirstine Wallis facilitating the first workshop in Melbourne.

As we continue to roll out the workshops, we anticipate the impact from the Toolkit will grow as it
helps more non-Indigenous professionals seeking to enrich their work through Indigenous
engagement. The City of Melbourne has approached the Hub and prebooked a workshop for its
design team, showing how news of the toolkit is generating demand based on its high integrity. The
framework can be applied to a wide range of areas, including Reconciliation Action Plans, academic
research, policy and practice.

Research outputs
The Three-Category Approach workbook (currently available to workshop participants).

Attributions
The Three-Category Approach is based on a framework developed by members of the Indigenous
Advisory Committee of the Commonwealth Department of Agriculture, Water and the Environment.
We thank them and in particular acknowledge the contributions of Stan Lui, Melissa George and
Leah Talbot.
We also acknowledge the Hub’s Indigenous Advisory Group, under the leadership of Stan Lui,
Timmah Ball, Maddison Miller and Jason Barrow, for supporting and developing the Three-Category
Approach within the CAUL Hub, and guiding the creation of the workbook.
The workbook was produced by Jirra Lulla Harvey for Kalinya Communications, based on research
conducted by Jirra in 2018, with guidance from Lauren Arabena, Cathy Oke and Libby Porter.
Illustrations by Dixon Patten of Bayila Creative. Design and layout by Lily Sawenko. Photos by
Cristina Ramalho.
Funding was provided by the Australian Government’s National Environmental Science Program,
RMIT University and the University of Melbourne.
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NESP Impact Story
Hub: Clean Air and Urban Landscapes
Title: Shadeways - Keeping our cool in urban areas
Project number and project title Project 4.2 – Making greening happen in consolidating cities
Short version
As Australian summers become hotter and harsher, access to shaded cycling and walking paths to
enable active transport and maintain our outdoor lifestyles is increasingly important. Partnering
with the regional City of Greater Bendigo in an experiential case study, CAUL researchers developed
digital heat maps and made them available to city residents. Shadeways is similar to navigation apps
like Google Maps, only instead of searching for the fastest route, it finds the coolest route from A to
B. Since its launch, the platform has been used more than 6,000 times and influenced similar
projects, including the City of Melbourne’s Cool Routes project which aims to help city-dwellers
move around more comfortably in the warmer months.
Narrative
Excess heat in Australia costs the economy around $9 billion per year in days off work and healthrelated problems. As urban areas become less green and the climate warms, cities are becoming
increasingly vulnerable to heat extremes. This means opportunities for spending time outside are
reduced and health complications from a sedentary lifestyle increase.
Large amounts of data are available to different levels of government to map the extremes of urban
heat, some of which has been developed by the CAUL Hub. But walkers and cyclists don’t use this
information on a daily basis because it’s not available in an intuitive format that is relevant to users.
To meet this need, we conducted research to improve urban-heat maps and worked with the City of
Greater Bendigo, Spatial Vision, Pozi and La Trobe University to develop a new digital platform.
Shadeways (Figure 1) allows users to find the shortest walking/cycling route that is cooler and
shadier – a feature not offered by Google Maps or other navigation platforms.
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Figure 1: Shadeways maps the coolest route from A to B. Image
provided by RMIT Centre for Urban Research.
The City of Greater Bendigo has a long-standing commitment to research and innovation and has
been an engaged partner throughout the project. The City often worked with our team in a highly
experimental way: introducing us to groups potentially interested in the technology and linking us
with its Clever Weather project. Even the natural characteristics of the city were an advantage for
the project. Bendigo is known as a ‘city within a forest’ and that paired with its mixture of different
urban environments was a useful starting point for conversations about greening and shading.
The impact of the research in the short-term has been to highlight the challenges of planning for
heat in a regional inland city with a growing and ageing population. As the Mayor of the City of
Greater Bendigo, Councillor Margaret O’Rourke, commented during the launch of Shadeways:
“This technology has the ability to dramatically improve people’s comfort when moving
around our urban areas, particularly for vulnerable people such as the very young, elderly
and disabled.”
Since its launch, the platform has been used more than 6,000 times (Figure 2), with activity peaking
over summer.

Figure 2: Shadeways was used 6,428 times between December 1, 2019 to May 4, 2020. A spike in
activity can be seen over summer. Source: user analytics from Pozi.
This research represents one of a number of responses that innovative, forward-thinking cities in
Australia will continue to request. Already the Shadeways concept has been adopted by the City of
Melbourne through its Cool Routes project to gather data on hotspots. A shadeway with
instruments for monitoring micro-climates has also been built as part of a new residential
development in outer Melbourne.
Further, the Shadeways project influenced Bendigo’s future commitment to the One Planet Living
framework that includes 10 indicators across social, environmental and economic sustainability. A
5

great deal of CAUL’s research links with these aims, which include increasing urban canopy cover
and targeting areas that are more vulnerable because they are hotter, less affluent and less shaded.
Awareness of our research has been boosted by media coverage in mainstream outlets and
specialised outlets such as Government News and The Australian Local Government Yearbook.
There are opportunities for further research with the City of Greater Bendigo. For example, the City
is working, as many local governments are, to install a network of small and affordable temperature
sensors across its area. There is an opportunity integrate these data with the Shadeways platform so
that it can respond to varying temperatures across different parts of Bendigo.
Research outputs
For more information about Shadeways and to access the platform, visit:
www.shadeways.net/about.
Amati, M. Butt, A. Sun, C. Deilami, K. Planning shadeways in Bendigo: an example of digital planning
to adapt to extreme heat, State of Australian Cities Conference, Perth December 2019.
Sun, C. City-Scale Route Thermal Comfort and Neighbourhood Heat Vulnerability Assessment:
Prioritising for Heat Mitigation State of Australian Cities Conference, Perth December 2019.
Attributions
This project was led by Associate Professor Marco Amati (RMIT) and a number of collaborators.
NESP funding was used to provide capacity in heat mapping in the first instance and to hire a postdoctoral research fellow to examine heat mapping indices. This allowed for funding applications to
the Department of Prime Minister and Cabinet’s Smart Cities and Suburbs scheme, in collaboration
with several industry partners including City of Greater Bendigo and Spatial Vision. Associate
Professor Andrew Butt (RMIT) and Dr Julie Rudner (La Trobe University Bendigo) were instrumental
in assisting with the design of the qualitative-data gathering. Spatial Vision assisted with the initial
thermal layer, while Pozi implemented the route-finding algorithm within Bendigo's web map. Dr
Chayn Sun (RMIT) employed a novel technique using Google Street View imagery to improve the
thermal layer. City of Greater Bendigo Council officers Tania MacLeod, Chris Rowlands and Trevor
Budge provided key inputs and advice at different stages.

6

NESP Impact Story
Hub: Clean Air and Urban Landscapes
Title: The Living Pavilion
Project number and project title
Project 5.5: Indigenous-led research on biodiversity in the city
Project 6: Social, cultural and biodiversity benefits of urban greening: An integrated network of site
Indigenous Engagement and Participation Strategy (IEPS)
Communications Strategy for the CAUL Hub

Short version
The Living Pavilion, held in 2019, was an Indigenous-led, temporary event space, festival and living
lab that featured a unique landscape of 40,000 plants native to the Kulin Nation. Situated on the
University of Melbourne’s Parkville campus, the program featured over 40 events and 39 Indigenous
contributors and attracted thousands of visitors. The impact of the three-week event has been farreaching: connecting the community with cultural and ecological knowledge, sparking huge demand
for information on Aboriginal perspectives of biodiversity, and influencing plans for a new worldclass university precinct.

Narrative
The Living Pavilion was an Indigenous-led transdisciplinary project connecting Indigenous
knowledge, ecological science, sustainable design and participatory arts on a temporary site at the
University of Melbourne (Figure 1). Over 2,000 people visited the site, where they were encouraged
to connect with Wurundjeri custodianship and Kulin-Nation plants through hands-on workshops,
talks, musical and poetic performances, self-guided and guided tours, a family-friendly frog festival
and soundscapes that were created as a response to the site.

Figure 1: The Living Pavilion. Photo by Isabel Kimpton

Promoting cities where both people and nature can thrive is at the heart of the CAUL Hub’s mission.
To do this, we need to listen to and apply the vast ecological knowledge from the Traditional
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Custodians of the places we now call cities. As part of her ‘Indigenous-led research on biodiversity in
the city’ project, CAUL-Hub researcher and Barkandji Woman Zena Cumpston helped curate an
outdoor plant exhibition of 40,000 plants used by the Kulin peoples. She researched the cultural,
medicinal, nutritional and technological uses (e.g. nets, traps, weapons) of the plants and used
signage (Figure 2) to educate people about their cultural and ecological significance.

Figure 2: Plant signage at the Living Pavilion. Signage illustrations by
Dixon Patten of Bayila Creative, research and words by Zena Cumpston.
Photo by Isabel Kimpton

As Zena explained in The Living Pavilion Research Report, the event “aimed to make visible the
complex ecological knowledge that has been an important factor in Australia’s First Peoples’ place
as the oldest continuous culture in the world”. The stories Zena showcased about the plants were a
great success, leading to media coverage and multiple invitations to share knowledge at events
outside of The Living Pavilion. To help meet the demand for information, Zena is creating a
downloadable booklet of plant stories, and has already connected decision-makers with this
knowledge through a series of talks and workshops at early-learning centres, schools and local
governments in 2019.
A key aim of the event was to evoke a sense of Aboriginal belonging and sovereignty at the
University and highlight the importance of Aboriginal perspectives in tackling ecological challenges.
In signage displayed at the site, Zena described how “across Australia, and particularly in urban
areas, there has been very little acknowledgement of the connection these places have and have
had on Aboriginal peoples over thousands of generations”.
So, did The Living Pavilion change people’s understanding of the University’s connection to
Aboriginal land, communities and culture? Surveys conducted over the course of the three-week
event found that 84% of participants agreed, or strongly agreed that they felt more connected to
Indigenous culture by visiting the event. The data also revealed there was a 40% increase in people’s
perception of the site as an Aboriginal place. One survey participant explained how “Traditional
ownership unacknowledged and pushed beneath the surface is being brought forward. It has always
[been] and always will be an Aboriginal place, it is only now that we non-Aboriginal folk are learning
what that means...even a little bit. With respect”.
The family-friendly Frog Fest (Figure 3) at The Living Pavilion attracted 500 visitors over its three
days, engaging adults and children alike with Melbourne’s frog fauna through sound, costumes, frog
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craft, frog choir and other activities. Kirsten Parris created ‘Frog soundscape at The Living Pavilion:
Connecting with nature through sound’, which showcased four seasons of frogs in Melbourne,
arranged along the re-imagined Bouverie Creek. This acoustic installation provided a portal through
which listeners could connect with the past – and possibly future – biodiversity of the site.
Approximately 250 people joined Kirsten on guided tours of the soundscape.

Figure 3: Children dressed up as frogs for Frog Fest. Photo by Isabel Kimpton

Research on the insect fauna of The Living Pavilion showed that the installation of locally indigenous
plants increased the diversity of native insects across every group surveyed including bees,
butterflies and bugs. This was likely due to the diverse array of food and habitat resources provided
by the indigenous plant species. The Living Pavilion is an excellent example of how including
indigenous plants into the design of small urban greenspaces can provide substantial biodiversity
benefits.
Comments left in a guestbook on site further highlight the impact the event had on attendees
including design practitioners, local government planning professionals as well as the broader
University and general community:
“Reading the stories and descriptions I felt I wanted to know and act on every word.”
“Magical experience – great to learn about our environment and history and think about the
future.”
“I loved the plants, the frog soundscape and being immersed in nature.”
“Great learning about the Traditional Owners’ sustainable practices and how we can
hopefully bring some of them back.”
“So wonderful and revealing – not just what we have lost but also (with some thought and
planning) what we could/can regain.”
Finally, The Living Pavilion has influenced plans for a world-class student precinct at the University of
Melbourne. The New Student Precinct will include rare and indigenous plants accompanied by Zena’s
plant stories displayed on permanent signage, and reveal indigenous terrain and watercourses that
once ran through the original landscape. A new centre for the Institute for Indigenous Development
centre, Murrup Barak, will also be built on the site and has been redesigned to include more green
space as a direct result of the popularity of The Living Pavilion.
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Research outputs
The Living Pavilion Research Report

The Living Pavilion video
The Living Pavilion signage here and here

Pursuit article: Plants Tell Stories of Cultural Connection
A free, downloadable Community Indigenous Garden Booklet (pending publication in 2020)

Attributions
The Living Pavilion project partners and collaborators would like to acknowledge the Traditional
Custodians of the land and waterways on which the project took place, the Wurundjeri peoples of
the Woi Wurrung language group, part of the greater Eastern Kulin Nations. We pay our respects to
Wurundjeri Elders, past, present and emerging.
We honour the deep spiritual, cultural and customary connections of the Traditional Custodians to
the landscape and ecology of the land on which The Living Pavilion was located. We acknowledge
that this land, of which we are beneficiaries, was never ceded and endeavour to reflect and take
consistent action to address this harmful circumstance.
We are especially grateful for the contributions of many First Peoples involved in our project and
their generosity to share their culture and knowledge with us. Without them, The Living Pavilion
would simply not have been possible.
The Living Pavilion was a co-production and collaboration with the CAUL Hub, THRIVE Hub (Faculty
of Architecture, Building and Planning), the New Student Precinct of the University of Melbourne’s
Parkville campus, and CLIMARTE’s ART+CLIMATE=CHANGE 2019 Festival. The project co-producers
were Tanja Beer, Cathy Oke and Zena Cumpston.
The Living Pavilion’s major horticultural and design partners were the Australian Institute of
Landscape Architects (AILA) and Ecodynamics. Other partners of The Living Pavilion included: Next
Wave, Place Agency, BILI Nursery, Bayila Creative, 226 Strategic, Graduate Student Association
(GSA), The Living Stage, Garawana Creative, Melbourne Sustainable Society Institute and
Sustainability Team @Unimelb.
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NESP Impact Story
Hub: Clean Air and Urban Landscapes Hub
Title: Promoting the values of living streets
Project number and title: Project 6.2: From footpaths to ecosystems: understanding the role of
the verge in delivering urban ecosystem services

Short version
Many urban dwellers are interested in converting street verges, often known as nature strips into
biodiverse, waterwise native gardens. This is thanks to a growing number of support programs and
workshops offered by local government authorities, community groups and businesses, such as
nurseries and landscape designers. CAUL research is documenting the learnings about native verge
gardening, which plants work, what animals use this habitat, and what the neighbours think, from
the residents already engaged in the practice and land managers. This grounded research, by
documenting the opportunities and challenges of verge gardening, can be used to better target
programs to maximise community interest and meet local social and environmental goals.
Preliminary research findings have already influenced a Perth project reconnecting people with
nature.

Narrative
A casual walk along the streets of suburban Australia is likely to reveal a growing trend towards
replacing ‘traditional’ grass on the street verge (the area in between homes and the roadway) with a
colourful palette of low-growing native plants. Faced with declining rainfall, increased awareness of
water conservation and a desire to promote native plants, many residents and local government
authorities in Perth are getting involved in all things to do with ‘native verges’ (Figure 1). But what
are the benefits and challenges of these transformations for local residents, key stakeholders and
the native species that use these new habitats?

Figure 1: Native verge gardens can be places of beauty (left), quirky expression (centre) and even public education (right).
(Photo at left courtesy R. McDowell)

To answer these questions, our research is taking a multi-pronged approach to understand a) what
are the main opportunities and barriers for residents to engage in native verge gardening; b) what
are the major priorities and interests of key stakeholders involved in or affected by verge gardening;
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and c) what are some of the key ecological features of verge gardens, and how do they support
native biodiversity? We interviewed 22 residents engaged in verge gardening and mapped and
surveyed their verges for plants and pollinators such as bees and birds. We also carried out more
than 20 interviews with stakeholders from government, industry and community, and distributed an
online survey to all LGAs in Perth.
The 22 residents interviewed for this research explained the key motivating factors for transforming their
verge (Figure 2). Oftentimes, a major motivation was to save water and time on maintenance. Importantly,
limited knowledge of native plants and ecological processes was not a barrier for residents to transform their
verge. Many residents were motivated to keep going by the experience of wildlife visiting their verges (Figure
3), and by the social interaction created with neighbours passing by to stop for a chat while out ‘on the verge’.
Many of the residents interviewed emphasised how gardening on the verge helped break down
communication barriers and provided a friendly place for conversation and neighbourly interaction.

Figure 2: Main motivating factors for interviewed residents to start their native verge garden transformation

Our interviews with residents highlighted some key lessons for the promotion of native gardens along
streetscapes. First, residents who are passionate about native plants are likely to convert their verge
regardless of whether any incentives exist, and they often welcome public interest. There is an opportunity for
these gardens to provide inspiration for others who are less knowledgeable. Second, residents who are

contemplating a verge garden but are not sure where to start will benefit from experiencing
exemplar gardens and receiving advice on plants and soils. They may also be prompted to take
action by incentives (such as rebates or free plants). Third, there are windows of time when verge
conversions are more likely to happen, such as after major renovation works, home construction or
purchase, and retirement from work; the timing of incentives could be tailored to these events.
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Figure 3: Visits from iconic species such as Forest Red-tailed Black Cockatoos (upper left) are a highlight for many verge
gardeners. Using plants that flower through the hot Perth summer such as Beaufortia aestiva and Westringia species
(upper right) helps provide food for native bees that are active throughout the warmer months (lower right). Gardeners
and pedestrians alike delight in watching dragonflies, butterflies, beetles and other charismatic insects visit verge gardens
(lower left).

Early results have already influenced a new Greening Australia project:
“Through our discussions with the CAUL Hub’s Natasha Pauli and Cristina Ramalho about
their work around residents’ perceptions of verge gardens in Perth, Greening Australia was
able to use some of their findings and advice in the development of the Our Park, Our Place
project. In collaboration with four local councils and other key organisations, the project
aims to reconnect local residents with their open spaces to change attitudes and behaviours
around creating green cool spaces for the future.” (Dr Christine Allen, Program Specialist –
Great Southern Landscapes, Greening Australia)
The initial results from the research have also been presented at national and local conferences in
Perth (as shown in ‘research outputs’ below) and passed on to the two local government authorities
where the residents in the study live. More analysis of our interviews with key stakeholders is still to
be undertaken in 2020, with growing interest from local authorities, community groups and other
entities on how to apply the research.
“Thanks so much for sending this, it is SO interesting and has given me a heap of ideas for
this year’s program. We are actually having a planning meeting this afternoon so it’s perfect
timing.” (Local government authority Senior Project Officer)
We anticipate evidence from our research will support local governments to refine incentive
programs for residents. For example, incentives could be offered alongside building or renovation
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permits or tailored to suit preferences for different types of native gardens, such as ‘low
maintenance’, ‘insect-attracting’ or ‘social talking-point’.
The research will also provide much-needed data on the impact of native verge gardens on
biodiversity and social values to state and local authorities that are either interested in, or currently
promoting nature strip gardens. This data could inform a broader program that encourages
residents to measure and monitor ‘on-ground’ impacts of these gardens.

Research outputs
Pauli, N., Mouat, C., Atkins, M., Föllmer, J., Ramalho, C.E. and Ligtermoet, E. (2020) Connecting the
green dots: Enabling micro-scale participatory mapping and planning for citizen stewards of
biodiversity. Accepted for European Geosciences Union conference, Vienna Austria, 3-8 May 2020.
Pauli, N., Mouat, C., Atkins, M.,, Verde Selva, G., Barton, L., Ramalho, C.E. and Ligtermoet, E. (2019)
Verging on transformation: Residents’ perspectives on the ecological, economic and social values of
native verge gardens. Accepted for presentation at the State of Australian Cities (SOAC) Conference,
Perth Australia, 3-5 December 2019.
Ligtermoet, E., Martinus, K., Ramalho, C.E. and Pauli, N. (2019) Greening between the lines:
stakeholder perspectives on urban greening along street verges, road medians and streetscapes.
Accepted for presentation at the State of Australian Cities (SOAC) Conference, Perth Australia, 3-5
December 2019.
Pauli, N., Mouat, C., Ligtermoet, E., Ramalho, C., Barton, L., Atkins, M. and Verde Selva, G. (2019)
Native gardens on street verges: perspectives from residents and ongoing research into the social
and ecological values of verge transformation. Nature City Seminar, Perth Australia, 24-26 June
2019.
Pauli, N. (2018) What are the social benefits of street verge transformations? Social Impact Festival,
session on ‘Water & wellbeing…making the places we live more liveable’, CRC for Water Sensitive
Cities. Australian Urban Design Research Centre, Perth Australia, 23 July 2018.
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The project is led by Dr Natasha Pauli (University of Western Australia) with key contributions from
Dr Emma Ligtermoet, Dr Gracie Verde Selva, Dr Mariana Atkins, Dr Louise Barton, Dr Clare Mouat,
Dr Kirsten Martinus and Dr Cristina Estima Ramalho (all University of Western Australia), Dr Luis
Mata (RMIT) and student researchers Ms Julia Föllmer (University of Bonn) and Mr Elisha Chu
(University of Western Australia). The research was made possible with the collaboration and input
from the City of Stirling (Ms Joanne Burgess), City of Subiaco (Mr Giles Pickard and Ms Veronique
Largier), Western Australian Local Government Association (WALGA) (Mr Warren Stephens) and a
large number of stakeholders interviewed as research participants across government, community
and industry.
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NESP Impact Story
Hub: Clean Air and Urban Landscapes
Title: Putting liveability on the map
Project number and project title: Project 4.3 - Liveability
Short version
Imagine having a window into a more liveable neighbourhood that supports your health and
wellbeing. In an Australian first, a new digital platform is helping people visualise liveability across
21 of the country’s largest cities. Launched in February 2020, the Australian Urban Observatory
transforms complex urban data into easily understood liveability maps across Local Government
Areas, suburbs and neighbourhoods. Research by the Healthy Liveable Cities Group underpins the
digital platform and is being used to measure city performance and to guide local government
liveability plans that aim to strengthen the health and wellbeing of their urban communities.

Narrative
Picture this: a suburb where you can live, learn, work and play all within easy, carless reach. Perhaps
this is already your reality or maybe the addition of a supermarket, park or improved cycling lanes
would improve liveability for you and your neighbours.
The Australian Urban Observatory (Figure 1) is a new digital platform helping people visualise
liveability across 21 of the country’s largest cities. It transforms complex urban data into easily
understood liveability maps across Local Government Areas (or council areas), suburbs and
neighbourhoods. The Observatory combines nine indicators of liveability found to promote health
and wellbeing outcomes: walkability, social infrastructure, public transport, food, alcohol,
employment, public open space and housing as well as an overall Liveability Index.

Figure 1: Australian Urban Observatory’s Liveability Index of Melbourne

Global city rankings have helped to elevate liveability on the national agenda, thanks to headlines
such as “Vienna’s win leaves Sydney and Melbourne in a spin” (The Guardian, 2019) and
“Melbourne is NOT the most liveable city in the world for the second year running” (3AW, 2019).
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The aim of the Observatory is to move beyond these attention-grabbing headlines, to provide
evidence and support action to create equitable, healthy and liveable places.
The Observatory can be used by anyone with an interest in liveability. Policymakers, for example,
can use the maps to identify areas in need of upgraded infrastructure for cyclists and pedestrians to
encourage residents to live a more active lifestyle. Or they can look at other cities across Australia to
better understand what is working in comparable areas. Developers wanting to invest can use the
liveability indicators to understand how a local environment can support new development. It can
also be used as a resource for students studying liveability or by residents who simply want to know
more about the neighbourhood they live in.
During the launch of the Observatory in February 2020 at RMIT University (Figure 2), Melbourne
Lord Mayor Sally Capp spoke to the potential of the online tool:
“Liveability at its core is about economic productivity so that people live close to where they
work so that they can maximise their time in employment and have opportunities there, and
be able to balance the other elements of their lives.”
“How we build better governance structures so that levels of government and sectors can
work more effectively together is absolutely key.” (Source: The Urban Developer)

Figure 2: The Australian Urban Observatory (AUO) was officially launched at RMIT’s flagship event Engaging for Impact
2020 in February. Pictured here are RMIT Professor Billie Giles-Corti, Melbourne Lord Mayor Sally Capp, Infrastructure
Victoria CEO Michel Masson, RMIT Associate Deputy Vice Chancellor (Research Capability) Professor Swee Mak and RMIT
Dr Melanie Davern. Photo by Matthew Houston.

The Observatory is the culmination of more than eight years of research findings by the Healthy
Liveable Cities Group at RMIT University. The CAUL Hub provided key support to build on the
research group’s foundational work to develop liveability indicators and expand them into regional
cities. Regional areas are often missing from conversations around liveability in Australia, but will be
critical for future liveability and sustainable urban development.
Since March 16, there have been close to 2000 visits to the Australian Urban Observatory website,
while the ‘scorecards’ webpage (summary liveability reports for all 21 cities) has been accessed
1200 times alone.
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Government is already using the research that underpins the Observatory. Liveability indicators
developed by the research team are included in the Australian Government’s 2017 National Cities
Performance Framework, while Cardinia Shire developed new frameworks for its Liveability Plan
2017-29 based on the Observatory team’s same policy-based research approach. Mitchell Shire
Council in the growing outer north of Melbourne has also been using liveability indicators to inform
actions and advocate for the needs of residents in the area.
Over time the Observatory will continue to develop with new indicators included, enhanced
functionality and time-series measurements providing a national resource for planning and policy
development.

Research outputs
The Australian Urban Observatory can be found here: https://auo.org.au/
Davern, M., Roberts, R., Higgs, C. (2018) Neighbourhood Liveability Assessment of Shepparton: The
application of indicators as evidence to plan for a healthy and liveable regional city. RMIT University.
Davern, M., Roberts, R., Higgs, C. (2018) Walkability in Tasmania: Assessment in the Local
Government Areas of Brighton, Clarence and Launceston. RMIT University.

Attributions
Project 4.3 researchers (CAUL): Melanie Davern, Carl Higgs, Alan Both, Lucy Gunn, Rebecca Roberts,
Fadhillah Norzahari. RMIT Healthy Liveable Cities Group: Director Billie Giles-Corti
National Health and Medical Research Council (NHMRC) supported Centre of Research Excellence in
Healthy Liveable Communities. NHMRC funded The Australian Prevention Partnership
Centre (TAPPC) and its funding partners including VicHealth and SA Health. RMIT University and
the Urban Futures ECP. Australian Urban Research Infrastructure Network. The National eResearch
Collaboration Tools and Resources (Nectar) cloud infrastructure and Australian Research Data
Commons (ARDC).
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NESP Impact Story
Hub: Clean Air and Urban Landscapes Hub
Title: A Clean Air Plan for Sydney
Project number and project title: Projects 1 & 7: Air Quality
Short version
While air pollution in Sydney is generally less severe than in many comparable cities globally, there
is evidence that exposure to air pollutants, even at low levels, can be a threat to population health.
A Clean Air Plan for Sydney, developed by researchers from the CAUL Hub, draws together the
current understanding of air quality in Sydney, the latest air quality research, and critical evidencebased recommendations. This has led to improved air quality modelling, monitoring and forecasting
and informed government strategies on climate change, transport and energy for Australia’s largest
city.

Narrative
Sydney’s air pollution levels are generally lower than those seen in many other cities around the
world. Air quality is a topic that enters the local public consciousness when it is visibly poor, for
example during Australia’s recent bushfire crisis. However, exposure to air pollutants is linked with
poor health outcomes even at relatively low levels. Therefore, it’s critical to understand the
processes that govern the air quality of the city, especially in the context of Sydney’s growing
population and evidence for worsening air quality in a changing climate. With this in mind, we set
out to better understand the factors impacting air quality in Sydney and how best to plan for the
future.
The culmination of this research was the publication of A Clean Air Plan for Sydney. There are three
parts to the plan: a comprehensive review of the available literature about air quality in NSW, a
summary of the Hub’s air-quality research, and policy recommendations to reduce air pollution. The
literature review provides a complete picture of the current understanding of air quality in Sydney
and highlights predicted future challenges and gaps where we need further research. This has led to
the Hub’s current air quality measurement campaign near Wollongong, which aims to better
understand the influence of biogenic emissions (emissions from vegetation) on particles in the air.
The research summaries in the Plan include a number of case studies that were driven in part by
public concern of local air quality. During public outreach events, a common question asked was
“are the pollution concentrations at air quality monitoring network sites around Sydney truly
representative of what I am exposed to in my everyday settings?” Using two case studies (a
simulated suburban balcony site and roadside measurements), our research found that while the
existing air quality monitoring network provided a good indication of personal exposure at the
balcony site, average roadside PM 2.5 concentrations at the roadside site were about double those
measured through the air quality monitoring network. PM 2.5 was also found to be approximately
50% higher in the morning rush hour than the evening peak (Figure 1). This research could inform
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public education campaigns about the varying levels of air pollution and encourage people to
commute and exercise in different locations or at different times of the day.

Figure 1: the research team used a mobile air quality system in Randwick to
measure roadside pollution levels

We also compared six air quality modelling systems over Sydney as part of this research. Air quality
models are important as they can forecast potentially poor air quality and can be used to test the
success of measures introduced to reduce air pollution. For ozone, a pollutant of particular concern,
all six models tested met benchmark levels. Results for PM 2.5 were more variable. This study led to
improvements in the implementation of models over Sydney and demonstrated that air quality
modelling over the greater metropolitan regions of New South Wales can meet international
standards of performance.
Finally, we made a number of policy recommendations to improve air quality in Sydney. These
recommendations focus on smoke pollution, traffic pollution and reducing public exposure to air
quality pollutants. Examples include phasing out the use of wood-burning stoves and fireplaces in
urban areas, reducing the number of vehicles on the roads, encouraging a rapid move to lowemission vehicles, and improving air-quality monitoring.
The NSW Department of Planning, Industry and Environment (DPIE) partnered with CAUL
researchers on many of its air quality projects, ensuring a direct link from the research into
government policy and program areas. CAUL research has assisted DPIE in expanding air quality
monitoring by guiding choices on monitoring, for example at roadside stations, and by improving
DPIE air quality forecasting through the NSW Air Quality Forecasting Framework. The increased
awareness of air quality issues in Sydney raised by CAUL has seen further air quality considerations
incorporated into NSW Government strategies such as the Net Zero Plan, Future Transport 2056 and
the NSW Electricity Strategy.
Research outputs
1.

Paton-Walsh, C.; Rayner, P.; Simmons, J.; Fiddes, S.L.; Schofield, R.; Bridgman, H.; Beaupark,
S.; Broome, R.; Chambers, S.D.; Chang, L.T.-C. A Clean Air Plan for Sydney: An Overview of
the Special Issue on Air Quality in New South Wales. Atmosphere 2019, 10, 774.
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Simmons, J.B.; Paton-Walsh, C.; Phillips, F.; Naylor, T.; Guérette, É.-A.; Burden, S.; Dominick,
D.; Forehead, H.; Graham, J.; Keatley, T. Understanding spatial variability of air quality in
Sydney: Part 1—A suburban balcony case study. Atmosphere 2019, 10, 181.
Wadlow, I.; Paton-Walsh, C.; Forehead, H.; Perez, P.; Amirghasemi, M.; Guérette, É.-A.;
Gendek, O.; Kumar, P. Understanding Spatial Variability of Air Quality in Sydney: Part 2—A
Roadside Case Study. Atmosphere 2019, 10, 217.
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Atmosphere 2019, 10, 633.
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Contributions to Ambient PM2.5 and Exposures within the New South Wales Greater
Metropolitan Region. Atmosphere 2019, 10, 138.
Utembe, S.R.; Rayner, P.J.; Silver, J.D.; Guérette, E.-A.; Fisher, J.A.; Emmerson, K.M.; Cope,
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Temperatures on Ozone in Sydney, Australia. Atmosphere 2018, 9, 466.
Zhang, Y.; Jena, C.; Wang, K.; Paton-Walsh, C.; Guérette, É.-A.; Utembe, S.; Silver, J.D.;
Keywood, M. Multiscale Applications of Two Online-Coupled Meteorology-Chemistry
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WRF/Chem-ROMS Evaluation Using Surface and Satellite Data and Sensitivity to Spatial Grid
Resolutions. Atmosphere 2019, 10, 189.
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