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Abstract: This research investigates the challenges and opportunities of urban estuaries exposed to
spatial, urban, and environmental shifts exacerbated by climate change, ecological disturbances, and
population growth, taking the cities of Perth, Western Australia and Newcastle, New South Wales, as
case studies. Approaching the design of estuary cities in the Climate Century demands a form of
estuary urbanism and new paradigms in design, which embrace the constant presence of water. Water
becomes the instrument of change to re-think the design of the city and its relationship with the non-
built environment since the climate crisis is also a water crisis. Adaptation and mitigation strategies
are still emerging fields in design and planning disciplines. Design disciplines can strongly contribute
to generating site-specific climate-adaptative responses while re-establishing the connection between
built and natural environments, improving ecological balance and spatial quality, and promoting
well-being and cultural values. The methodology involves both analytical and projective-explorative
methods promoting a site-specific approach, working across scales and disciplines to understand
urban estuaries within larger catchments and as complex hydrological and ecological systems. A
fundamental goal is the creation of site-specific design strategies to operate in low to medium-density
precincts, leveraging water and nature as design tools to improve urban resilience and liveability.
There is capacity here to establish design methods and principles that inform future practices through
urbanism responding to dynamic ecological and water systems and the unpredictability effects of
climate change.

Keywords: estuary urbanism; water as leverage; climate change; nature-drive urbanism

1. Introduction

As a part of a broader debate around the future of estuary cities, this research investi-
gates the challenges and opportunities presented by climate change, ecological disturbances,
and population growth in rethinking Australian estuary urbanism. The research takes two
estuary cities as our focus: on the west coast, Perth, Western Australia (WA) and on the
east coast Newcastle, New South Wales (NSW). Vulnerability, uncertainty, and a range
of possible urban and ecological futures await many Australian cities and towns that are
surrounded by oceans, rivers, harbours, and estuaries [1,2]. The IPCC has identified major
climate vulnerabilities in Australia, including the loss of biodiversity, escalating issues of
water security and substantial risks to coastal areas [3]. These concerns were amplified
recently in Australia’s 2022 State of the Environment Report, with a renewed urgency to
act and adapt.

Since 1950, with changing climate patterns, there has been a greater frequency and
intensity of droughts, floods, and heat waves in Australia [2]. Many of the dimensions of
the climate crisis are water crises [4], presenting significant adaptation challenges around
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water security and water quality affecting human and natural systems [5]. In Perth, a city
of wetlands, urbanisation seeks to escape water, filling in wetlands and areas of biodi-
verse, ancient vegetation to construct sprawling suburbs [6]. Newcastle and its littoral
environments are under increased threat from flooding and drought, rising sea levels, ero-
sion, and contamination [7-9]. In the Climate Century, these concerns are becoming “new
determinants of spatial planning” [10,11], as the limits of business-as-usual inhabitation
are exhausted. These demand a swift transition into new ways of doing urbanism and
planning in harmony with living systems.

Estuary ecosystems are fragile, complex, and highly dynamic systems [12], providing
precious ecosystem services [13]. They are on the front line of climate vulnerability [14]
and are essential as city mitigation and adaptation assets [15]. As urban pressures increase,
pressures on ecosystems increase, including biodiversity loss, over-exploitation, the discon-
nection of corridors, pollution, contamination of surface waters, groundwaters, soil, and
atmosphere, salinisation and erosion [16]. Design and planning in estuary cities must be
sensitive and responsive, considering environmental complexity and site specificity. Urban-
ism voids of a “sense of place” [17], and climate responsibility generates generic solutions
unable to articulate the complexity, scale and timespan of ecosystems and populations.
Cities in the Climate Century must support the tendencies of living systems, especially as
they change and shift regimes. Living systems must be strengthened within urban contexts
to buffer and support the built environment and its infrastructures, as well as the humans
and other living species [18], providing “urban ecological security” [19].

Unlike deltas where rivers reach into the sea, estuaries allow the sea ‘to come in’,
generating unique ecological, geomorphological, and hydrological characteristics. They are
subject to both tidal and riverine influences, where saline and fresh waters meet, bringing
significant rates of seasonal flux and high levels of biodiversity. These characteristics
make estuary cities distinct from other riverine or delta cities [20]. They demand the
accommodation of water rather than the ‘fight against water” which has proved futile and
often detrimental to both urban architecture and the natural environment. Estuaries and
their ecologies require gradients and space for water instead of walls and hard edges [21].
The re-conceptualisation of urbanism around estuaries [22] may integrate the dynamics
of hydrological and ecological systems within cities, helping to absorb future climate
changes [23,24].

Hans Meyer, who initiated the research movement Delta Urbanism 25 years ago at TU
Delft, emphasises the idea of ‘working together with water (more radically)’ as a pivotal
point and catalyst of sustainable development [12,25]. “Working Together” provided a
new framework for working and designing with water [26,27], with nature, and culture,
treating the water fabric as an ecological fabric, improving liveability and resilience while
enhancing the quality of life and well-being [15]. Design in “the terrain of water” [21],
implies learning from water and its past, present, and future—embracing the challenges and
opportunities of inhabitation with water. It also implies learning from tradition, innovation,
and experimentation. Approaching design research in estuaries requires considering the
constant presence of water, the study of its patterns and flows in multiple scales, and
the development of strategies able to follow its logic and adapt to its cycles—long and
geological, short, and tidal.

Treating water as the “ground of settlement”, not as an extrinsic or threatening element,
gives rise to new and unexpected opportunities for design in the terrain of water [28].
Making water and natural systems and their dynamics visible in the urban context reconnect
people and nature, fostering more resilient and sensitive communities [29]. In Perth and
Newcastle, where land reclamation and fill systematically erase water and modify water
systems, business-as-usual development dominates the landscape. These spaces of conflict
become opportunities for resistance by design. We claim, as Henk Ovink (2020), that water
and water narratives—and in turn, ecological and ecological narratives—can unite people
around the world including politicians, scientists, and urban dwellers to create amenities,
active places and foster ecology, for a more liveable future [27]. In Australia, human water
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narratives reach back at least 65,000 years to encompass the oldest living cultures in the
world, and the leadership of Traditional Owners are central in these futures.

There is consensus regarding the multidisciplinary, multi-agent and multi-scalar
character of climate adaptation and mitigation [3,26]. Significant advances have been made
in technological adaptation and risk management, governance, and policy to integrate
climate adaptation and mitigation. However, less attention has been given to design and
planning [30], and their accompanying cultures of practice, guidelines and processes, which
are still emerging fields [31,32]. The argument, which has been made elsewhere by Bertram,
Mathur and da Cunha and Meyer, is that design disciplines, working collaboratively with
others, can strongly contribute to re-establishing the connection between built and natural
environments, improving ecological and spatial quality, promoting well-being and cultural
values, while generating site-specific climate-responsive outcomes.

Based on the above, three questions frame this research:

e  What are the challenges and opportunities of estuary cities exposed to spatial, urban,
and environmental shifts exacerbated by climate change, ecological disturbances, and
population growth?

e How to approach the design of estuary cities in the Climate Century, claiming a new
form of estuary urbanism and a new paradigm in design?

e  How might this paradigm inform future practices and design processes?

2. Materials and Methods

This methodology is the result of interpolating design and environmental research
methodologies [33] developed by the authors in two case study cities that illustrate different
contexts for estuary urbanism. These establish design methods and principles that can
inform future practices leveraging water as a design tool to improve urban resilience [24].
Methods and processes have been applied through design research and design studios con-
ducted at the School of Architecture and Built Environment at the University of Newcastle,
and the School of Design at the University of Western Australia, testing the replicability and
adaptability of the proposed processes and operations. It is expected that these operations
will be applicable to the teaching of architecture, landscape architecture, planning and ur-
ban design [34]. It is also anticipated that they may inform future decision making, policies
and guidelines, in a context of wider shifts toward integrated environmental planning
and design within Australia. Results and outcomes from these processes are presented in
this paper.

Design by research [33,35] is a method of inquiry that utilises design as a driver of
knowledge production involving both descriptive research methods (identification, analy-
sis, and communication) and projective-explorative methods (testing scenarios, strategies,
and spatial designs). It utilises a theoretical research agenda and site-specific investigation
to define research questions and scenarios. These lead toward generation and projection
by understanding and testing the qualities and benefits of multiple scenarios rather than
proposing single solutions. Our research methods look below the surface and into the
past, examining the paths of ancient water systems and the deep structures through deep
time [11,36], a concept of time and space, linked to Aboriginal knowledge, that takes a
full ecosystem approach not bounded by time. It looks to the present, to identify the
spaces under threat and sites of opportunity for a new landscape of water. It looks into
the future to rethink an estuary urbanism: testing scenarios for harmonising urbanism
within a hydrological and ecological context, given projections of a changing climate and
growing population.

The methodology promotes a site-specific approach, working across scales, disciplines,
and time. The method crosses bioregional, urban and precinct scales, to understand
places within the territory and larger catchment. Strategic thinking is incorporated as
an operational and creative tool, enabling the articulation of convergent and analytical
thought processes with synthetic or divergent ones to envision potential futures under
new climate paradigms [37,38]. Strategic thinking becomes a hypothesis-driven tool for
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thinking through time, interconnecting past, present and future. It introduces a systemic
or holistic approach where the different scales and disciplines influence each other as
well as their different environments. Moreover, strategic thinking invokes the capacity
to be opportunistic, taking advantage of emerging opportunities [39,40]. This analytical
and synthetical research phase, followed by projective-explorative phases, underpins the
importance of understanding site-specific and contextual thinking when undertaking
design, as presented in Figure 1.

THINKING PHASES DESIGN OPERATIONS
Geomorphological Thinking INVENTORY
DsspIRng Biophysical Thinking Redearch
Cartography
Ecological Thinking
ANALYSIS
, . : Pre-design
Regional * BIOREGIONAL Thinking Raesal g
Cartography
Landscape Strategy
Nature Based Solutions (NbS)
Bioregional v PROJE_“WE
_ STRATEGIC Thinking Deslog _ Alternative-NbS Flood Defence
Research
Speculative Cartography Water Sensitive Urban Design
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City Living with Water (LwW)
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CITY Thinking SYNTHESIS
Settler Time é Design
Perth 1829 B = PRECINCT Thinking Speculative Cartography
Newcastle 1797
Climate Century v 3 COMMUNICATION
2022 DETAIL Thinking Post-design
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2050
Reflective Thinking

Detail

2100

Figure 1. Methodological Diagram incorporating time, scales, strategies & design phases.

The research, subsequently, moves into a projective phase where the exercises of super-
imposition, analysis, interpretation, selection and drawing lead to opportunities for design
in the “terrain of water”. It incorporates cartographic and data analysis and visualisation.
Mapping, as the operative tool, and maps, as the resulting media, represent and visualise
dynamic systems in multiple scales and over time. Mapping becomes a tool for thought
and practice, revealing cultural and environmental patterns. For Perth and Newcastle, a
significant amount of geospatial data [41-43] is utilised with Geographical Information
Systems (GIS) software (ArcGIS, QGIS) and passed into graphics software (AutoCAD,
Rhinoceros, Adobe Suite), or into hand sketching, photography and modelmaking. In
Australia, these databases are publicly accessible, made possible through commitments by
government agencies to open data. Mapping and comparative research re-territorialises
places by reimagining and reinhabiting places and visualising strategies in a nearly infinite
array of contexts and scales measuring the multiple dimensions of our places [44].

The methodological steps coincide with iterative phases characteristic of the design
research process:

e  The analytical and inventory phase investigates the spatial-temporal site-specific
conditions at bioregional, city and precinct scales. It helps identify key disciplinary
fields, climate and ecological contexts and threats. This phase generates spatiotemporal
cartography informing the projective phase.

e  The projective phase combines theoretical and analytical research with prospective
design and speculative cartography, revealing operations and design strategies.

o Considering the critical aspects of previous phases, the synthetic stage generates
reflective thinking helping to extrapolate lessons learned to future research, design
pedagogy methods, architecture, and urbanism practices and planning processes.
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e  The communication phase supports the research by building a graphic and theoretical
narrative that promotes co-design, collaboration, community involvement, and post-
design actions, such as gradual transition or implementation.

3. Bioregional-Urban-Precinct Thinking as Projective-Explorative Design Methods

The case studies, Perth (31.9523° S, 115.8613° E), on the west coast, and Newcastle
(32.9283° S, 151.7817° E), on the east coast, are located in two different Australian biore-
gions [45,46]. A bioregion, as defined by Robert Thayer [47], is “literally and etymologically
a’ life-place’; a unique region definable by natural -rather than political- boundaries with a
geographic, climatic, hydrological, and ecological character capable of supporting unique
human and non-human living communities. Most importantly, it is emerging as the most
logical locus and scale for a sustainable, regenerative community to take root and to take
place”. Moreover, bioregional thinking is connected to the Aboriginal Australian under-
standing of Country, and the concepts of deep sustainability, care for ‘Country” and deep
time [36,48,49].

This methodology traverses scales and time periods to understand sites in the biore-
gional context of the Swan-Canning Estuary in Perth and the Hunter Estuary in Newcastle.
In this paper, we use their Aboriginal names: the Bilya Estuary and the Coquun Estuary, re-
spectfully. The Swan Coastal Plain and Sydney Basin, where the Bilya and Hunter Estuaries
are located, are distinct geographical, geomorphological, biophysical, climatic, ecological,
and cultural regions (Figure 2a,b). Learning from these territories’ cultural and biophysical
identity supports design, helping to identify conflicts and opportunities on the catchment
scales and, later, bringing the system’s intelligence into the detailed design. Bioregional
thinking [44,49-51] and practice support design, informing how to inhabit a place and
“learning to live in place” [52], in more harmonious ways. The result is a form of estuary
urbanism that reconnects place with the living systems to prevent ecological destruction or
correct an imbalanced equilibrium.

Ballardong
Noongar
Boodjar

Whadjuk
Noongar
Boodjar

Swan Coastal Plain Bioregion

Pindjarup

\
=ﬂ \\ Boodjar
\

i} Wardandi
Noongar
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Figure 2. Cont.
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Figure 2. (a) Bioregional scale map showing the Swan Coastal Plain and Darling Scarp Bioregions

defined clearly by their topography; (b) Hydrological, geomorphological, and cultural systems in the
Hunter Bioregion, part of the Sydney Bioregion (and Sedimentary Basin).

3.1. Bioregional-Scale to City-Scale Thinking: Geomorphological, Biophysical and
Ecological Practices

Perth is the capital of WA, named after European arrival in 1829. The region’s culture
and land are ancient, with continuous settlements dating back at least 65,000 years. The
Whadjuk people, part of the Noongar Nation, are the Traditional Custodians of this Boodjar
and land [53]. The city sits on a sandy coastal plain, the Swan Coastal Plain, beside the
Yilgarn Block, an igneous plateau extending hundreds of kilometres inland thought to be
the oldest geology on the planet, dated at 4.4 billion years old [54]. Over many geological
epochs, sands have swept over from the ocean, and clays and sediments have been carried
through flows from the Yilgarn as illustrated in Figure 2a. Several major river systems flow
from the Yilgarn and become estuaries on the Plain (Figure 3a). The central estuary system
framing Perth city is the Swan-Canning or Bilya Estuary (Figure 4a).

In NSW, Newcastle is the largest urban centre in the Hunter Estuary and the second
settlement established by colonisers in 1804 [55]. The Traditional Custodians of the Land
are the Awabakal people on the southern bank of the river, the Worimi people on the northern
bank, and the Woonarua people inland [56] (Figure 2b). In this section of the coast, geology,
hydrology, and sedimentary processes formed the lowlands and the coast, resulting in
different types of estuaries (Figure 3b) based on the different depositional processes and
barriers formation [57]. As illustrated in Figure 4b, the Hunter estuary, covered by a
complex hydrological system, is formed by two barrier systems, the Tomago-Tomaree and
the Stockton Sandbeds, defining an inter-barrier depression forming the Hunter Wetlands
National Park, listed under the Ramsar Convention [58]. The more extensive aquifers in
the bioregion are situated below the inner and outer barrier receiving the highest rate of
recharge in the region [7].
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Figure 3. (a) Bioregional mapping of the historic wetlands of the Swan Coastal Plain, today many
of these have been covered by the sprawling urban footprint of Perth; (b) Hunter Bioregion Coastal
Estuaries and Hydrological systems (South to North): Hawkesbury River, Brisbane Water, Tuggerah
Lake-Budgewoi Lake-Lake Munmorah-Colongra Lake-Mannering Lake, Lake Macquarie [Awaba],
Hunter River Estuary (Coquun), Karuah River.
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Figure 4. (a) City scale mapping of the contemporary blue and green networks of Perth, centering
on the Bilya—Swan-Canning Estuary. (b) Hunter River Estuary and Hydrological systems: Hunter
River Estuary, Hunter Wetland National Park—Fullerton Cove, Hexam Swamp, Grahamstown Damn,
Tomato Sand Bed Aquifers. It incorporates changes in the river’s basin from 1844 to the current state,
documented through historical maps investigation and georeferencing.
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Urban development poses an ongoing threat to both bioregions” waters, biodiversity,
and resilience, especially in the context of drying and warming climate trends. Species
extinctions, land clearing, bushfires and water availability, were cited in Australia’s 2022
State of the Environment Report as critical future threats and drivers of instability [59].
Perth’s urbanisation and planning patterns have erased the waters and biodiversity of
the coastal plain since European arrival. Despite rapid and substantial changes and ex-
tensive land clearing, Perth remains a rich and megadiverse ecosystem. This is not due
to sensitive planning but rather its location within one of the most biodiverse regions on
the planet—between old and young landscapes, driving phenomenal species richness and
endemism [60]. Perth is regarded globally as a Hotspot City, part of the Southwest Australia
Biodiversity Hotspot, one of 36 internationally recognised regions where biodiversity is in
conflict with human impacts [61].

Similarly, in the Hunter Estuary, early chronicles reveal exuberant biodiversity, de-
scribing a river with rich alluvial soil, exuberant riverbanks, short tender grass clear of trees,
and dense eucalypt dominated forest with “immense gum and iron-bark trees, giant cedars
and graceful wattles” [56]. Mining, farming and grazed modified pastures transformed the
Hunter, resulting in over 85% of the native vegetation lost [62], only 40% of forested areas
retained, and 99% of riparian vegetation removed from the river and its tributaries [7,56].

3.2. City-Scale to Precinct-Scale Thinking: Ashfield

Perth is a rapidly growing and sprawling metropolis with a population of only 2.2 mil-
lion that extends more than 150 kilometres along a continuously developed Indian Ocean
coastline (Figure 2a). It is estimated that at least 70% of Perth’s wetlands have been
filled since European settlement [63], erasing the historic wetlands of the Swan Coastal
Plain (Figure 3a). The seasonal opening and closing of the estuary were interrupted by
the dredging of seasonal sandbars and the explosion of the limestone estuary edges to
build the Fremantle Port in the 1890s. Since then, the Bilya has transformed into a pre-
dominantly saline system, particularly in recent decades, as rainfall and streamflow have
declined. Hard river edges and walls were constructed against the Estuary, transforming
the soft-edged gradient.

Sprawl comes at a great cost to the lands and waters, cleared and covered by sand
pads to build detached and single-storey brick-and-tile housing estates [6]. Within the city,
rates of urban densification are increasing in the form of ‘infill” housing—where single
dwelling lots are cleared or reconfigured in response to densification to enable greater
density. Additionally, while limiting the extent of sprawl, infill has also had many adverse
impacts on urban ecology.

To accommodate population growth, water supply for drinking and irrigation has also
taken its toll on water systems: rivers have been dammed to create reservoirs and bores
sunk to pump water from the aquifers. By the mid-2000s, with desalination, Perth had
started to manufacture its way out of a water emergency, not without substantial energy
consumption. Today, Perth receives 45% of its water from desalination, which is projected
to increase as the population grows. In 2004, Dr Tim Flannery stated, “Perth will be the
21st century’s first ghost metropolis”—referencing water scarcity and the drying climate.

The Perth suburb of Ashfield is located alongside the Bilya Estuary, 15 min by train to
the Perth CBD. The University of Western Australia School of Design conducted a project
called’ Place Value Ashfield’ to demonstrate a landscape-led approach to infill housing
aligned with the living systems [64]. Ashfield’s current urban structure consists of small
1950s post-war dwellings on large lots, remaining intact due to a low-density zoning
restriction. A proposed densification of Ashfield, a change that would allow for subdivision
and densification across every lot, has been mooted for over a decade. The adverse impacts
of densification have been well documented in Perth and other Australian cities, often
resulting in the declining urban tree canopy and private open space, increasing urban
heat island effects and declining surface permeability [65,66]. The emphasis in Place Value
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Ashfield was to ask how infill can support, rather than erode, the landscape in which it is
situated, to strengthen the ecological and civic realms of the suburb.

For ‘Place Value Ashfield’, a landscape-led strategy was the vehicle for coordination
and collaboration between architects, landscape architects, developers, government author-
ities, stakeholders, and the community, including Traditional Owners. This strategy allows
the development of a shared understanding of a new and leading role that an ecological
design strategy can and should play in developing Perth’s densifying suburbs.

Central to the landscape framework established for Place Value was the need to respect
the vitality of the Ashfield Flats wetland system and the suburb’s surface and subsurface
water flows. The biodiverse Ashfield Flats are situated on the edge of the Bilya Estuary
adjacent to the suburb. They are fed by freshwater flows from the aquifers as they interface
with the Bilya river system beneath Ashfield, as illustrated in Figure 5a. The Flats include
sedge lands, riverine bushland and salt marsh, a nationally protected threatened ecological
community. The Flats are central to the character of Ashfield, harbouring biodiversity and
many benefits to residents [67]. Coupled with climate threats, one of the significant threats
to the Flats is future densification in the Ashfield catchment. A declining tree canopy
matrix and increasing urban heat alongside the Flats threaten the biodiversity linkages and
ecologies. Increasing impervious areas threaten to alter fragile water flows to the aquifer,
which sustains the Ashfield Flats.

The strategy of traversing scales and time periods to understand Ashfield in the biore-
gional context of Perth (Figures 2a and 4a), the regional-scale biodiversity and aquifer
systems was applied at the precinct scale (Figures 5a and 6a). A strategic suburban frame-
work has the potential to control and facilitate best-practice development at the site or
lot scale. This strategy took the form of new landscape corridors through Ashfield to
support sensitive typologies of infill housing to facilitate density while supporting and
strengthening living systems. This supports similar work being done throughout Australia
around ‘greenspace-oriented development’ [68].

Place Value Ashfield stepped in to address the threats to the living infrastructure of
Ashfield, ensuring its future resilience. As illustrated in Figures 4a and 6a, connecting to
existing blue and green networks is a crucial aspect of this strategy, addressing the regional
catchment context. The vital and diverse urban forest and vegetation matrix are bolstered
throughout backyards, verges, and public open spaces. By reducing urban footprints and
prioritising lightweight construction methods, the Ashfield housing schemes retain existing
trees and the permeability of the ground, maintaining flows to the aquifer (Figure 5a).
Within the urban realm, the streetscape is utilised as an animated, active, and legible
movement corridor and public open space in its own right. Water-sensitive urban design
is archived through rain gardens, permeable urban surfaces, and ample parkland verges,
forming active ecological edges and spaces for animals and people (Figure 7a).

Increases in density are coupled with substantial upgrades to the civic realm, facilitat-
ing corridors of up-zoning between rail and river, intersecting the residential area. This
coupling is new in the context of Perth, where blanket rezoning or transit-oriented rezoning
are the norms. The project supported and tested ‘Design WA', a series of new State design
policies and guidelines, uncovering opportunities for coordination between lot and suburb,
with up-zoning the catalyst for blue-green infrastructure.

The strategy, presented in Figure 7a, promoted housing diversity by encouraging
a range of densities across the suburb and enabling a range of designers and voices to
contribute to the process. The housing schemes that were part of Place Value Ashfield
illustrate a diversity of typologies developed in relation to Ashfield’s unique context.
Each housing scheme is integrated within the broader landscape framework, suggesting
retention of and increases to tree-canopy, improved pedestrian and cycling connections,
permeable and water-sensitive private and public open spaces, and new landscape-sensitive
construction techniques. They establish solid urban identities appropriate to their locations
within Ashfield—adjacent to rail and community facilities, parkland, urban intersections,
or the river land and saltmarsh.
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Figure 5. (a) Precinct scale mapping of the detailed ‘deep” water, surface water and urban ecological

priorities in the suburb of Ashfield. (b) Carrington—Corrumbah Precinct Scale Blue and Green

infrastructure network and buffers. It incorporates original Corrumbah shoreline and landscape areas

(Source: Coulin, E., History of Carrington. 1995).
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Figure 6. (a) City-Precinct scale mapping of historic estuary edge overlaid with contemporary blue
and green networks, locating Ashfield as part of the Bilya—Swan-Canning Estuary system. (b) City-
Precinct scale Newcastle CBD: Hydrological System and Flood mapping [Probable Maximum Flood
PMF (Source: Haines, P., The Newcastle City-wide Floodplain Risk Management Study and Plan
Compendium of Maps. 2012); Sea Level Rise Prediction 2100 Reference Australian Height Datum
(AHD +0.74 m (Sources: Coastal Risk Australia); and, 1844 speculative map showing the shoreline
(based on historical maps georeferencing and interpretation; Source: Plan of River Hunter from Port
Hunter to falls at West Maitland by G.B. White Surveyor—Courtesy State Library of NSW).
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Figure 7. (a) An axonometric view of the Ashfield detail landscape strategy and housing, connecting
river and rail via an upgraded urban and ecological realm supporting new medium-density housing
typologies. (b). Carrington—Corrumbah’s housing and landscape strategy. “Water-wise” typologies
are integrated into a “water-sensitive” urban context.

3.3. City-Scale to Precinct-Scale Thinking: Corrumbah—Carrington

In Newcastle, three main urban and environmental ‘scenarios’ characterised the Co-
quun Estuary: the floodplains, the riverine waterfront, and the coastline, as illustrated in
Figure 6b. The floodplains where the city sits are dominated by urbanisation and industrial
activities linked to the mining sector, heavy industry, and port facilities. Since European
settlement, the estuary has suffered a dramatic transformation to critical features and eco-
logically devastating land reclamation and infill process, including a systematic erasure of
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water bodies. The riverine waterfront is being subjected to land reclamation, transforming
the “terrain of water’ into land for industrial activities, currently transitioning into resi-
dential, commercial, and leisure uses. The coastline, its cliffs and beaches have preserved
those natural features strongly linked with the community’s sense of place. However, it is
vulnerable to dramatic changes in climate and weather events that compromise its stability,
security, and liveability.

The suburb of Corrumbah—Carrington, is strategically located on the Coquun-Hunter
Estuary, three kilometres west to the mouth, facing Thorsby and Cottage creeks on its
west side and the river basin and the estuary’s mouth on the east. Like the rest of the
riverine waterfront, Carrington has suffered a drastic modification of its geomorphology
and ecology. The estuary has experienced substantial dredging, transforming tidal islands
into the Port of Newcastle, the largest harbour on the East Coast and the world’s largest
coal port [69]. Early historical maps, chronicles, and environmental history reports reveal
several riverine tidal islands over the estuary, as illustrated in Figures 5b and 6b, dominated
by low and swampy grounds fringed with mangroves and dense vegetation of banksias
or honeysuckles, tee trees, and swamp oaks [56,70,71]. The area, originally accessible only
by boat or foot in lower tides, is being progressively infilled by ballast and the dumping
of industrial waste, accumulating at least two meters resulting in the connection to the
mainland on the north.

Carrington sits in ‘the terrain of water” despite the land reclamation and infill. Too
much water or not enough water and the intensification of storms and extreme climatic
events dominate its history [7], becoming its major vulnerability. The engineering of the
river to control flooding after one of the most devastating natural disasters in Australia’s
history, the 1955 Maitland floods, is partly responsible for changes in the river’s basin
(Figure 4b) and flow dynamics. Natural levees have been substituted by hard edges
throughout the construction of channels and flood levees that have deprived the river of
new layers of alluvial soil and eradicated riparian vegetation [56]. Floods are influenced by
river and creek flooding episodes, tidal influence [72], oceanic inundation from high ocean
tides and storm surges, and the projected impacts of sea level rise. Sea level rise projections
show that 80% of Carrington will permanently be below sea level by 2100 [73] (Figure 6b).

Adaptation in Carrington requires a multiple-action approach, including responses
to weather variability to cope with alternating dry and wet periods; the transition into a
climate-resilient suburb model through new models of inhabitation and infrastructures;
the improvement of water performance in the built environment by living with less water
and optimizing water usage; and the restoration and expansion of the riverine ecological
corridors. The public domain offers opportunities to develop a blue-green public water-
sensitive network of roads and pedestrian pathways, public spaces and parks, and water
bodies, which aligns with flood adaptative development strategies [74,75]. These require
the coordination of strategies to adapt to four different scenarios: no rains and droughts,
flooding associated with storm runoff and overflows, flash flooding from creeks, river
flooding episodes, and ocean flooding from high water levels in the ocean and harbour,
typically as a combination of big tides and storm surge and sea level rise [72].

The landscape strategy takes the form of a ‘blue-green buffer’—forming corridors con-
necting Carrington with Throsby Creek and beyond. The western part of Carrington, facing
Throsby creek, is primarily public land, public spaces or neglected and polluted industrial
land. The strip provides ‘space for the river’, acting as a blue-green buffer for Thorsby
Creek flash events or flooding episodes in the wider Coquun catchment. Simultaneously,
the area serves as space to retain, treat, and store water, rainwater and runoff while offering
recreational, cultural, and environmental opportunities. Design strategies combine Na-
ture based Solutions (NbS) [76-80], Water Sensitive Urban Design (WSUD) [74,81-83] and
Alternative (or Nature-based) Flood Defence [81,84-86] to generate blue-green corridors
and urban spaces acting as buffers zones to protect the urban environment and enhance
natural water systems. This helps manage runoff, reduce urban heat island effects, and
guarantee urban ecological connectivity to foster biodiverse corridors for flora and fauna
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since major environmental pressures in Newcastle LGA include the fragmentation of fauna
habitats with limited integration of these in planning locally [7]. The scale of this public
space buffer creates opportunities to construct green embankments and levees, terraced
floodable wetlands, and floodable parks planted with mangroves and submergible planting
for aesthetic and water treatment purposes, as illustrated in Figure 5b.

The green network combines strategies to connect and consolidate existing and new
vegetation in the public and private domains. With the intensification of weather episodes,
it is essential to increase infiltration, which helps to reduce run-off, recharge aquifers,
and mitigate post-emergency events. Strategies to improve infiltration include reducing
impervious surfaces with pervious paving materials, improving topsoil quality, installing
infiltration trenches dotted with “treatment trains” [74,87], and urban revegetation through
native scrub and trees. Due to the compacted and contaminated quality of Carrington’s soil,
the topsoil quality needs to be improved, aerated, and enriched with nutrients, facilitating
bacteria and fauna propagation. Special attention is required to the impacts of stormwa-
ter movement as contaminants [88] can move back into the drainage systems, severely
impacting the local and regional environments [75]. Experimental phytoremediation pro-
cesses utilize the power of plants to capture heavy metal pollutants in soil [89]. Additional
measures revegetate shores of creeks with riverine plants and mangroves contributing to
carbon sequestration and soil and water decontamination.

With a very high-water table and alluvial aquifer, and an obsolete drainage system,
infiltration and runoff capacity are limited, increasing risk. Consequently, combining biore-
tention and detention systems, with former measures improves precinct security [74,90].
The collection, slow conveyance, and attenuation of stormwater through bioswales, street
channels and open drainage integrate stormwater treatment into the urban landscape while
increasing safety by reducing runoff and peak flow in intense rain periods. These measures
minimise drainage infrastructure costs for development and maintenance. Stormwater
runoff from developed areas impacts remnant creeks, riparian zones, and downstream
wetlands. Treatment removing pollutants and water retention for reuse in drought periods
are additional measures to improve water-sensitive urban performance [91]. ‘Water plazas’
inserted within the urban fabric act as public space and sport areas during dry periods and
water detention or storage areas in wet seasons [92]. Together they consolidate a network
of urban spaces connected through blue corridors to the ‘blue-green buffer” [74,93,94].
“Design does not further adversely alter natural hydrology (infiltration, evapotranspiration
and stormwater discharge), and ideally aims to mimic hydrological water balance” [95].

At the precinct scale, “water-wise” and “flood-resilient” typologies are integrated
into a “water-sensitive” urban context through Water Sensitive Urban Design (WSUD)
strategies [74,96,97] to manage and utilize the water cycle as locally as possible [65,81,98,99].
Such measures connect the built environment with the living systems, improving sustain-
ability, urban and water security, quality of life and well-being. At the dwelling scale,
the architecture integrates water servicing technologies to minimize demand, promote a
decentralized urban water system and harvest stormwater for reuse, reducing reliance
on imported water [95,99,100], as illustrated in Figure 7b. Additional measures include
raising floor levels, waterproofing openings [101], and removing fences facilitating post-
event water storage flows, reducing flood hazards. Architecture infill prototypes aim to
accommodate a diversity of “water-wise” dwelling typologies responding to bio-physical
principles of a water-sensitive city while responding to site and precinct-specific climate,
demographic, cultural, environmental, and spatial context.

4. Discussion

This paper presented design research investigations and methods tested in two differ-
ent bioregions and urban estuarine contexts. The spatiotemporal analytical phase identified
vulnerabilities, challenges, and opportunities to synthesise these at bioregional, city and
precinct scales. The projective phase formulated adaptative design interventions and Water
Sensitive Urban Design and housing typologies, understanding the dynamic and trans-
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formative characteristics of designing in the “terrain of water”. Time operates as a tool
of design understanding the gradual implementation of measures due to the system’s
dynamism and the unpredictability of phenomena. Acknowledging and identifying the
differences and commonalities of larger territorial systems in both estuaries informs urban
and precinct scales, bringing the system’s intelligence into detailed design and vice versa.
Simultaneously, this research helps to develop ‘replicable’ methodologies, with strategies,
design research and design educational methods applicable across other estuary cities.

4.1. Key Findings and Lessons Learnt

The precinct-scale projects at Ashfield and Carrington demonstrate the design research
approach described in this article, crossing scales, timeframes, and disciplines. This action
is an approach of grounding urbanism within a broader framework of place—expanding
the definition of site to understand strategies at the scale of the territory, the city and the
system. The areas are essential case studies highlighting the urban-biodiversity conflict
and, at the same time, opportunities for resolution and resilience in a changing climate.
They are areas where ongoing urban development and densification are projected to conflict
with the environment. Therefore, they are key scenarios to demonstrate the harmonization
of urbanism with ecological and hydrological systems toward transformative spatial plan-
ning and design. These are flashpoints where future ‘resilience by design’ is tested and
highlighted to the community and policymakers [82,102].

Descriptive design research, followed by projective design research, demonstrates the
continuity between site-specific and complex urban-environmental contexts and design
strategies. Working visually and spatially between descriptive and projective methods
has been critical in testing, visualising, and developing both projects at Ashfield and
Carrington. Together, these modes of design research have enabled a better understanding
of the importance of Ashfield’s unique ecology and hydrology and ways forward to doing
density well. It serves as an example of how ecological design strategies can be incorporated
into future practices and design guidelines to impact wider urban areas. In Carrington, the
post-industrial scenario, and the challenges of climate security claim for a new urban and
ecological paradigm reformulating low-density residential areas and promoting medium
sustainable density models, connecting hydrological and ecological system with the built
environment. These aim to build adaptative urban security and urban ecological security
in the post-coal city.

In both Ashfield and Carrington, the design research methodology and ‘water-wise’
design strategies crosses scales—Bioregion, catchment, urban, precinct and plot- to un-
derstand historical ecology and hydrology. Adaptation measures involve long planning
horizons, long-term significant investments and consensus [81]. Time imposes a strategic
approach to design by proposing a gradual implementation that adjusts dynamically to
the living systems, economic constraints, and the unpredictable character of climate and
the environment in the long term. In doing so, it enters a domain of what Anne Spirn
called ‘deep structure’ [103]—seeing beneath the city and following Traditional Owners in
listening to the place and across time. While the forces of planning and development move
quickly, many of these approaches seek to move slower at what Kate Orff, director of US
landscape practice SCAPE, called ‘the speed of trust’ —to leave the agency for community
and culture to interpret and act, and of course for future generations.

4.2. Key Theoretical and Methodological Contribution

The research contributes to critical theories of urbanism and climate adaptation by
implementing a four-step methodology, aligned with the design research methods, to
operate in estuary cities in the Climate Century, working radically with natural systems
and establishing water as a ground of settlement. This methodology contributes to work
previously or contemporary developed by researchers, practitioners and institutions within
Australia [11,65,95,100] and internationally [21,104,105]. Remarkable initiatives within
Australia are the Cooperative Research Centre for Water Sensitive Cities [106] and Water
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by Design [83], the result of the partnership of Australian Governments, universities
and industry providing platforms to promote interdisciplinary research and translate
to programmes, guidelines and actions. Lessons learned must be urgently translated
into innovative, dynamic, and operational design guidelines and policies at national,
regional, and local scales, informing guidelines and policies at multiple scales and all levels
of planning.

A fundamental goal achieved is the creation of site-specific design strategies that
provide insight into how to operate in low to medium-density precincts to make them part
of larger ecosystems and hydrological catchments, improving urban sustainability and
resilience. Nevertheless, further design research is necessary to investigate estuary and
coastal areas across various scales and through time. Future research will test design strate-
gies by modelling and simulating flooding scenarios through tridimensional physical and
computational hydrodynamic models. The models will check the efficiency of adaptative
simulations and develop multiple scenarios to adapt to an unpredictable evolution.

The methodology and strategic thinking applied in university design studios enhance
students’ analytical, critical and design skills. This methodology operates as a pedagogical
tool, educating future designers to approach urban, climate and ecological issues critically
and strategically. Working through scales, time periods and disciplines connect students
with the site, culture, and environment, nurturing future generations” education in the
structures and systems of the city.

4.3. Limitations and Future Research

Water Sensitive Urban Design and Nature-based Solutions are being incorporated into
design disciplines” theoretical research, practice, and teaching, informing current urban
practices and urbanism. They are essential to reconnect natural and built environments
by re-naturalising creeks, riverine and coastal waterfronts, and reconnecting disconnected
urban and natural green areas. Moreover, Nature-based Flood Defence and Blue-Green
infrastructures provide an alternative to hard infrastructures, facilitating soft interventions
that protect the built environment from dramatic climate and weather events. However,
more research and collaboration are needed, and new interdisciplinary and multi-agent
alliances are necessary to implement and test the effectiveness of speculative and experi-
mental models. These strategies and actions require significant investment, community
involvement and strategic thinking to respond to major challenges and, secondly, to in-
corporate them in time and over time and within economic constraints. The approach
demands flexibility to adapt to unpredictable and dynamic systems, the human including
the non-human. We must consider the options today to prepare for these changing futures.

The urgency of action requires an interdisciplinary integration of scientific insight,
engineering, design, planning and governance—across sectors. Collaboration between
intergovernmental bodies, research institutions, practice and industry, policymakers, com-
munity, and other stakeholders can inform policies and guidelines, interconnected interna-
tionally, nationally, regionally, and locally. Local governments and planning institutions are
essential in promoting policies and guidelines, and the regional and federal governments in
financing flood resilience and blue-green agendas. There is a clear gap between adaptation
planning and measure implementation, “which is a problem that impedes effective climate
adaptation” [107]. The urgency of climate adaptation contrasts with reality in Australia
due to different agendas amongst regions and the limitation of local authorities. These
processes reveal the importance of collaboration of a range of spatial, environmental, and
governmental actors in working toward resilient futures. Will we repeat the error of the
past and continuously replicate business-as-usual development models? Or will we accept
the impacts of climate change and work towards designing and managing an adaptive city
and corresponding architecture?

Business-as-usual development relies on complex processes mainly opaque to the
community and immune to critical discussion. To get behind sustainable and resilient
trajectories, collective decision-making needs to understand futures as multiple and al-
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ternative, rather than inevitable. Communities play a fundamental role in holding and
transferring knowledge about the places in which they live. Moreover, the societal role
is essential in advancing new urban agendas and making environmental shifts through
valuable contributions to the future of their cities [82].

5. Conclusions

An ‘Estuary Urbanism’ challenges bounded thinking imposed by planning frame-
works that ‘see’ and address edges and boundaries rather than flows or systems, crossing
physical scales and timescales. Unsurprisingly, the planning orthodoxies that still govern
our cities were developed long before an environmental sensibility or awareness of climate
change emerged. Estuaries exist in flux and flow—they are not bounded, but ‘breathing’—
and the cities surrounding them are asked to develop similarly. A transition to new climate
regimes will shift planning and design toward new ways of engaging with place and with
the environment. Design in ‘the terrain of water’ means designing to live with water and
natural systems. The importance of working visually and spatially through design methods
to demonstrate and implement these new engagements has never been more critical.
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