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Abstract

As urban population expand globally, the associated increase in urban land cover directly impacts the
social and environmental amenity of natural assets, including waterways. The primary driver of urban
waterway degradation is altered hydrology — from stormwater runoff, and where present, wastewater
treatment plant discharge. Whilst the impacts of pollutants are relatively well-regulated via public
policy, a gap remains for the management of flow regime modification.

The Urban Streamflow Impact Assessment (USIA) was developed to fill this management and
planning knowledge gap. The approach begins with the identification of waterway values (social,
ecological and geomorphic) then explicitly links these values to streamflow characteristics using
hydraulic and hydrologic metrics.

USIA was applied to a case study in Western Sydney and demonstrated the loss of values associated
with ‘business-as-usual’ approaches to stormwater and wastewater management. Conventional
stormwater management approaches do not remove enough excess flow to meet reasonable
outcomes for the waterway. This excess runoff is increasingly seen as a resource and opportunity for
improving water security and liveability.

USIA is consistent with regulatory frameworks and can be applied across developing and established
urban catchments to provide explicit input to planning controls. The approach is appropriate at multiple
scales, informing urban planning from a broad strategic level through to detailed design. By linking
social and ecological values with geomorphic and flow requirements, the approach enables an
understanding of which management approaches could allow desirable waterway outcomes to be met.

1. INTRODUCTION

Urban development is placing growing pressure on waterways in Australia and around the world. This
in turn reduces the social amenity of riverine assets for urban populations. Stormwater runoff from
streets, roofs and other impervious surfaces in the urban landscape is typically discharged directly to
streams, adversely affecting water quality, as well as increasing the frequency of higher streamflow
volumes and flow peaks. Impacts to streams may also be exacerbated by licensed discharges from
wastewater treatment plants (WWTP). At the same time, there are increasing expectations that water
managers and regulators will play a greater role in supporting environmental management and
providing more natural amenities to the community they serve.

The 'urban stream syndrome’ is used to describe environmental problems caused by an increase in
the volume of urban streamflow, and an increased frequency of small to medium high-energy surges
of stormwater (Booth and Jackson, 1997, Walsh et al., 2005). These flow events cause increased
disturbance of the channel bed and bank, decreased habitat, reduced native macrophytes, reduced
organic matter, increased weed invasion and reduced water quality (Vietz et al., 2014, Tippler et al.,
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2014) as illustrated in Figure 1. These changes negatively impact stream-dependent ecosystems
including flora and fauna, and the social values streams provide to the community (Birtles et al., 2013).
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Figure 1. Streamflow and channel changes under urban development including increased
channel incision (deepening and widening), decreases in native vegetation (green) and
increases in exotic vegetation (red) for increased levels of urbanisation, or time since
urbanisation.

Despite extensive research and increasing recognition worldwide of the importance of, and
opportunities for, addressing the source of the problem rather than the symptoms (Ball et al. 2016,
Bledsoe et al., 2012, Gurnell et al., 2007, Vietz et al., 2016a, Fletcher et al., 2014), there is no formal
approach for identifying the impact of streamflow on stream values to inform urban planning and
design. Simultaneously to the understanding that urbanisation leads to an excess flow in urban
waterways, there is a need to secure additional water supplies globally due to rapidly growing
populations and uncertainty around rainfall and climate into the future.

This paper describes the development and application of a new approach termed 'Urban Streamflow
Impact Assessment' (USIA) which assesses the role of streamflow in degrading waterways in urban
catchments and identifies risks for planning scenarios. USIA has been applied to a case study in the
Wianamatta-South Creek catchment in Western Sydney, which is undergoing significant rates of
urbanisation with considerable potential to impact on waterway physical form and condition (Kermode
et al. 2016). This paper demonstrates how using such an approach can be consistent with existing
and emerging regulatory settings and support broader objectives, including integrated water
management.

2. THE'URBAN STREAMFLOW IMPACT ASSESSMENT' (USIA) APPROACH

USIA was developed to assess the impacts of altered streamflow on social, ecological and
geomorphic values of streams in urban catchments (Figure 2). Values may be specifically defined as
important species or ecological communities, social activities or landscape features, which are linked
to wider community aspirations and ecosystem services. Stream values are either: a) present and
could be lost due to altered urban streamflow; or b) not present but could be returned or added with
appropriate streamflow management.

USIA features three stages:
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Stage 1: identification of stream values, delineation of (sub)catchments, selection of assessment
reaches, and data review.

Stage 2: development of hydrologic scenarios, hydraulic models, and geomorphic and ecological
assessments.

Stage 3: a workshop leading to sub catchment specific social, ecological and geomorphic values and
flow metrics, resulting in a compliance and risk assessment evaluating loss of waterway values
against increased streamflow resulting from development scenarios.

The main output of these stages is a risk assessment ‘traffic light' matrix. The matrix explicitly
considers both likelihood (of changes to ecologically relevant parts of the flow regime) and
consequence (what values are lost).

The application of USIA to the Wianamatta-South Creek catchment incorporates the socio-ecological
system framework proposed by SMCMA (2012) and Birtles et al. (2013) to inform infrastructure
planning and decision making. The process of identifying stream values links ecological, social and
geomorphic features to environmental factors that may influence the long-term viability of the identified
value, if catchment conditions change. These links also provide a critical link to planning instruments,
regulation and legislation.

2.1. Stage 1: establish context and identify values

The first stage of USIA is to develop an understanding of the catchment context and stream values,
including historical, current and potential (desired) values (CTEnvironmental 2016, Tippler et al. 2016).
Values are identified by considering: a) what is worth protecting, b) what could be lost, and c) what
could be returned or added. Values may be regionally or locally specific, as well as being dependent
on the social and economic context. This process may identify species or ecological communities,
social activities or landscape features as valuable and links these to wider community aspirations and
ecosystem services. The values and their identified ecological requirements are used to develop an
integrated approach to waterway management.

The process of identifying stream values may include multiple methods which include;
e Literature review (e.g. scientific and grey literature);
e Public survey;
e Expert knowledge and opinion;
e Workshop or panel; and
o Desktop analysis of protected sites and infrastructure (e.g. National Park and Heritage
listings).

This stage also includes gaining an understanding of the physical characteristics of the catchment
through desktop review and the collection of spatial data required to inform this understanding and
underpin modelling undertaken in Stage 2. Whilst the USIA approach is aimed at managing the entire
(sub)catchment, the basis for the identification of values and development of flow metrics is the
assessment reach. Selection of appropriate assessment reach(es) is an important output of Stage 1,
relying on desktop assessments, local knowledge and should include a field inspection.
Considerations should include the location of flow inputs, the condition of stream ecology, and access.
It may be appropriate to delineate smaller sub-catchments if a single representative reach is
unavailable to represent the wider catchment.
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Figure 2. Outline of the Urban Streamflow Impact Assessment (USIA).

Stage 2: detailed assessment of study reach

Stage 2 develops the detailed assessment of the selected study reach. It includes both the modelling
(hydrology and hydraulics) and field assessment (geomorphology and ecology) components of the
USIA. The hydrologic assessment quantifies how much runoff (and treated effluent where applicable)
is delivered to the stream in different scenarios. Flow time-series should ideally be 20 years or longer,
and synthetic series should be developed from hydrologic models. We used Australian Rainfall and
Runoff methods (Ball et al., 2016). The model should use a sub-daily timestep (maximum one hour);
must be able to replicate key parts of the flow regime, including zero flows, low flows, pulse flows and
overbank flows; and should be suitably calibrated and validated. Future scenarios need to capture the
effects of:

Impervious surfaces leading to increased runoff volume and frequency;

Typical flood protection and Water Sensitive Urban Design (WSUD) arrangements reducing
peak flows and/or volumes;

Wastewater treatment plant (WWTP) effluent; and

Stormwater and/or WWTP reuse strategies.
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Hydraulic modelling is required to link streamflow to physical characteristics of the waterway and
floodplain. Hydraulic models convert streamflow to velocity, shear stress and depth, enabling
streamflow metrics such as floodplain inundation and bed disturbance to be assessed. A 2D or 3D
model is required at a sufficiently fine resolution to undertake analyses such as determining bankfull
flow, flow at which bed sediment is mobilised, and typical in-channel and overbank hydraulic
conditions at different flow rates. It is important to note that this is not explicitly a flood model, and
existing flood models (which are typically built and calibrated to simulate larger flows and may lack
sufficient detail for in-channel conditions) should be assessed as to whether they are suitable for this
purpose. The hydraulic modelling should simulate a range of steady-state flows (at least 7-10) ranging
from in-channel moderate flows up to flows greater than overbank (i.e. median flow, 2 x median flow, 3
x median flow, 2 EY, 1 EY, 50% AEP, 20% AEP, 10% AEP and 5% AEP).

Despite the increasing recognition of the role geomorphology plays in contributing to healthy and
functioning waterways, the availability of data and robust investigations on waterway geomorphology
is generally much poorer than for other attributes (e.g. plants, fish). There is also a lack of ‘standard
technigues’ in geomorphic assessment. As such, an experienced geomorphologist who can interpret
the character, attributes, condition and trajectory of an urban waterway is required to undertake this
assessment. The geomorphic assessment should draw upon all sources of data and information
available, and should include:

e Desktop literature review;

e Field assessment; and

e Determination of thresholds of bed mobilization using the Shields parameter (Shields, 1936).

The ecological component of the field assessment is a vital stage which aims to quantify the current
condition of the ecological values identified by Stage 1. Depending on the stream values, this may
include assessment of a combination of riparian and floodplain vegetation, fauna survey and water
quality. Accompanying the field assessment is an intensive literature review and statistical analysis of
available data sets to determine hydraulic thresholds when the onset of habitat degradation or species
loss occurs. For example, this may require interrogation of regional flora assessment data sets to
determine how particular vegetation communities respond to increased flooding arising from an
urbanised catchment condition.

To forecast impacts to ecological systems, the combination of field survey (including water quality
analysis), data interrogation, literature review and expert opinion is required. Literature relating to the
impacts to particular taxa or communities may be sparse or absent. Therefore, biotic or abiotic factors
known to be critical to the viability of taxa or communities may be used as surrogates to extrapolate
predicted impacts to identified stream values. An example of this is the use of minimum shear stress
or velocity required to mobilise sediment or organic matter. These physical responses can provide
surrogates for predicting degradation or loss of macroinvertebrate communities as critical habitat or
food resources are modified.

2.3. Stage 3: assess streamflow impacts on values

Stage 3 articulates the links between the values identified in Stagel and the condition assessments
and modelling undertaken in Stage 2. It thus enables the determination of management metrics and
the analysis of development scenarios and alternate management approaches.

In Stage 3, each value (activity/icon in Figure 3) is linked to a diverse set of flow-related metrics.
These values may be human activities (e.g. recreation, aesthetic enjoyment) or biotic icons (particular
species or communities). These are then linked to the streamflow, channel or floodplain attributes
(ecosystem services) that support them. They may be ecological e.g. specific habitat; physical, e.g.
bed/bank stability; or focused on amenity, e.g. clear sight to the waterway. These attributes are linked
to streamflow metrics that can be used to quantify changes in the flow regime and associated impacts
to the ecosystem services of the stream and floodplain.

The acceptable ranges of deviation of these metrics from baseline conditions and predicted impacts to
stream values are refined through a technical panel workshop. Urban development scenarios can
include a range of current and future development types, such as business-as-usual, the application of
WSUD and the role of WWTPs. Representative flow hydrographs are produced for each development
scenario using the hydrologic model.
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Figure 3. Simplified schema showing colour coding and links for detailed schemas. For this
study, iconic species or communities are those with intrinsic links to the human population
and have active community groups participating in activities (e.g. fishing, bird watching)
directly linked to the species or communities.

Flow metrics reduce the complex flow regime to a range of generalised, ecologically relevant flow
types. Flow types range from events that characterise zero flows, to overbank flows that inundate the
floodplain (Figure 4). Flow metrics must be quantifiable (i.e. a change in the frequency, duration or
magnitude must be measurable under different flow scenarios). Specific flow metrics for this initial
application of USIA were selected from a comprehensive review of over 1,000 possible metrics and
are those that are specifically relevant to urban settings (Duncan et al., 2014). It should be noted that
the flow metrics derived for this proof of concept were selected as appropriate to the catchment used
as a case study for developing the assessment approach. The technical panel applying the USIA may
add or remove flow metrics, with consideration of those that may best apply to the assessment site.

Nine streamflow metrics relevant to urban settings (and that can be linked to social, ecological or
geomorphic values) were selected for application of the method at the case study sites:
Annual flow volume;

Mean duration of zero flow periods;

Total duration of zero flow periods;

Baseflow index (ratio of baseflow to total flow volume);

Frequency of freshes (flows > 3 times median flow);

Total duration of freshes (flows > 3 times median flow);

Total duration of flows above channel erosion threshold;

Frequency of floodplain engagement flows; and

Total duration of floodplain engagement flows.

©CoNoOOAWNE

The method uses a range of data, tools and an expert panel to identify the specific thresholds of
change from baseline conditions representing risk to desired stream values. For example, geomorphic
assessment based on field-identified bed and bank sediments provides input to two-dimensional
hydraulic modelling to assess erosion thresholds which informs the sediment mobilisation metric. The
deviation of streamflow from baseline conditions for these metrics, under urban development
scenarios, is displayed using a ‘traffic light' matrix. This highlights the level of risk and values
impacted.

The outputs developed by USIA can be applied to assess service options, such as management of
stormwater flow regime and WWTP flows or applied to predict positive changes to stream values
which may be generated by urban stream restoration projects. The method was originally developed
for the Wianamatta-South Creek catchment, Sydney, and the application to one of the case studies,
Lowes Creek, is briefly outlined in this paper. Lowes Creek was selected due to planned urban
development, and its potential for incorporating a WWTP.
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Figure 4. Examples of flow types that can be linked to flow metrics for characterising the
impact of streamflow from urban catchments. 1 — zero flow, 2 — baseflow, 3 — freshes, 4 — bed
mobilisation flow, 5 — overbank flow.

3. A SYDNEY CASE STUDY

Rapid growth is planned in Western Sydney over the coming decades. A large portion of this
urbanisation will occur in the Wianamatta-South Creek catchment which is ephemeral in upstream
areas and includes rare natural features such as chain-of-ponds. Sydney Water and NSW
Government agencies need to plan for essential infrastructure to support delivery of their vision for the
region. It is in this context that the USIA framework and these case studies were developed, to
establish requirements for urban development to protect or enhance flow-related values connected to
the stream.

For Wianamatta-South Creek, stream values were previously identified by Sydney Water and labelled
‘Iconic species of South Creek catchment' (Birtles et al 2015, CTENVRONMENTAL, 2016). Each of
the nominated 'lconic species' has specific ecological and environmental requirements, including
fluvial habitats, to maintain viable populations across the catchment, and is explicitly linked to a range
of social activities valued by the community (Tippler et al, 2016).

The application of USIA to Lowes Creek demonstrated how social, ecological and geomorphic values
can be linked to streamflow, and the risks to loss of values under urban development scenarios
(Figure 5). The main output of scenario compliance identifies the risk of not meeting acceptable
deviations from the adopted baseline conditions (Table 1).

As this was a proof of concept rather than a formal assessment, modelling used available hydrology at
a daily time step, which is not recommended during more robust applications. We recommend a
maximum of an hourly model timestep, although for small areas higher temporal resolution may be
required to capture flow varaiblity. Nonetheless, the assessment provided indications of the relative
risk levels of different scenarios. In order to reduce the risk to waterway ecosystems to a low level, the
unmitigated 2050 annual flow volume needs to be reduced by more than 50%. The simulated WSUD
scenario falls short of this, with only around a 20% decrease in annual flow volume. Even when high
retention WSUD was applied to the model, erosion metrics still identified as high risk, indicating the
level of retention needs to be even greater if stream form and function are to be preserved. When the
effect of WWTP effluent is considered for Lowes Creek, the volume reduction required is even greater,
at around 90%. Such reductions are likely to require significant stormwater harvesting and reuse, and
near-total wastewater reuse or transfer out of the catchment. It should be noted that current results are
skewed by the daily time step of the modelling. Further development and research is continuing to
reflect the runoff in more detail, providing potentially more retention and further reductions in volume.
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Figure 5. Risks of development to Lowes Creek, Sydney. Schema interpreting links between
stream values and flow metrics and risk of full urban development 2050 with maximum WSUD.

Table 1. Scenario compliance assessment of flow metrics for Lowes Creek showing high risk
to values (red), medium risk (orange) and low risk (green), with cell values quantified through
preliminary modelling in the USIA method.

Flow type Flow metric Threshold Scenarios
value

Baseline 2050 no WSUD 2050 high 2050 no WSUD + 2050 high retention
retention WWTP WSUD + WWTP
WSUD
Annusl flow Mean annual flow
volume
Zero flows Mean du_r‘atmn of zero 0.001 MU/d
flow periods
Zero flows % of time flow is zero 0.001 ML/
Baseflow index
Baseflow (ratio baseflow/ total
flow)
Freshes Even?sfyear > 3x 1.94 ML/d
baseline median flow
Freshes % of time > 3 x median 1.94 MU/d
flow
% of time >
Erosion threshold bank/matrix 40 ML/d
mobilisation threshold
% of time > bed
Ervsion shekd mobilisation threshold 110ML/d
Floodplain Eyents!year > bankfull 680 MU/d
engagement flows  discharge
Floodplain % of time flow >
engagement flows  bankfull discharge 580 ML/d
Ecological values
impacted Southern Myotis, Cumberiand Plain Vegetation
Connection to place, active recreation, eco-recreation, thermal | Connection to place,
. comfort, aesthetics and enjoyment, passive recreation active/passive/eco-
lScH:lal vac:ua recreation, thermal comfort,
mpacts sesthetics and enjoyment,
proximity and accessibility
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USIA demonstrated that under future urban development scenarios, annual flow volumes and the
duration above the erosion threshold posed a high risk to ecological values such as microbats
(Southern Myotis) and the condition of woodland vegetation (Cumberland Plain woodland) and a
range of social values associated with the waterway (Figure 6). Loss or degradation of iconic biota and
assemblages leads to reduced opportunity for, and quality of, valued human activities dependent on
these natural elements. The compounding effect of stormwater runoff and WWTP effluent discharges
increased the deviation of all metrics from their baseline, posing a high risk of loss of all present
ecological values, with subsequent impacts on the social values. High retention WSUD applications
reduced the extent of loss of such values. Note that the modelling represented volume of excess water
retained by extensive WSUD, it did not recommend or represent individual devices.

To achieve reductions in the unmitigated annual flow volume of more than 50% and protect social and
environmental values, significant stormwater harvesting and reuse will be required (see Wong and
Engineers Australia, 2006). The key elements are harvesting and use of stormwater and wastewater,
through irrigation or the provision of alternative water supplies, or transfer out of the catchment. To
achieve appropriate reductions, the level of stormwater control measure application will be ambitious,
but numerous options and opportunities are revealing themselves (Vietz and Hawley, 2018). The next
phase of our work will more broadly apply the USIA methods and use outputs to inform hydrologic
modelling of urban stormwater control opportunities (using Source and MUSIC) to identify practical
solutions and the feasibility of such approaches. This will be done at an hourly time step to better
reflect the retention of low flows.

HIGH LEVEL WSUD

NOLLYSINYEdN 40 LOVdIWI DNISYIHONI

SINTYADIHJHOWOID ANY T¥DID010D3 “TVIDOS DNISYIYDId

Figure 6. Potential trajectories of adjustment for streams draining urban catchments, with
opportunities for returning to a former state, or a novel state, rely on addressing streamflow
change through flow controls on stormwater runoff (such as WSUD) and WWTP discharges
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4. KEY FINDINGS AND OPPORTUNITIES

This study provides an initial proof of concept for the development and application of the Urban
Streamflow Impact Assessment (USIA). Further iterations and refinements are needed to ensure that
USIA becomes a robust tool for application; as follows:

e More extensive testing of USIA: The development and testing of USIA was undertaken in
two deeply incised channels which will affect their response to urbanisation scenarios.
Broader application of USIA to streams with more engaged floodplains will likely attribute
greater impact to ecological and social values from catchment urbanisation. The lower
portions of Wianamatta-South Creek would be ideal for such testing and may assist in the
identification of controls to prevent dramatic end-of-system changes in streamflow.
Additionally, the values here are likely to differ from the ephemeral headwater streams of the
two case studies.

e Review of urban hydrologic scenario: Further investigations of more ambitious stormwater
control methods to address the streamflow volume and pattern objectives identified in this
project is required. There is significant and ongoing investigation into the performance of more
novel urban typologies more directly integrated with stormwater harvesting and treatment
approaches. New permeability performance planning targets and urban forest canopy targets
will also challenge the generic urban flow inputs used in stormwater modelling and should be
reassessed specifically using localised climate data. USIA or similar tools will provide the
information to set targets for the design of these systems. These infrastructure performance
targets, combined with USIA outcome targets will work in concert. In short, the urban areas of
the future, especially in Western Sydney, are unlikely to pass on as much flow as current
models predict.

e Predicting channel change: This initial version of USIA was used to predict impacts to creek
values based on changes to flow hydraulics and inundation extent. An additional important
factor is understanding the likely scale of creek channel change i.e. channel widening and
deepening. The inclusion of this metric will enhance the ability of the framework to predict
impacts on riparian vegetation and ecological values which could affect species such as
woodland birds and microbats which are reliant upon these areas.

e Improving understanding of the ecological condition of urban creeks receiving
wastewater treatment plant (WWTP) discharge: To predict the change in condition of creek
attributes such as fish habitat and riparian and floodplain vegetation for the current study, an
extensive riparian condition data set was provided by Blacktown City Council. This data
enabled prediction of changes in creek attributes and vegetation communities in the
urbanisation-based scenarios with a high degree of certainty. It, however, lacked
comprehensive data relating to urban creeks that receive WWTP discharges.

e Consistency in analysis: Future development of USIA will benefit from a core data set of the
condition of creek floodplain vegetation exposed to WWTP discharges. Expert opinion on
acceptable deviation from baseline should also be verified as more data and experience is
gained with this method.

e Defining social values: High importance is given to social values in driving desirable physical
and ecological attributes for waterways. It was noted by reviewers of this method that further
investigation could be made into the role of social drivers, such as how ‘open space’ or ‘creek
activation’ relates to the supporting attributes provided by waterways.

¢ Monitoring: Determining the effectiveness of recommendations would be improved through
monitoring changes to creeks following catchment development. This could include monitoring
of hydrologic (e.g. streamflow gauges), geomorphologic (e.g. channel change from re-survey
or bed sediment changes), or ecological (e.g. vegetation or biotic repeat assessments)
processes.

Although the focus of USIA is to quantify flow regime management targets in developing areas, its
inherent water balance component allows contribution to broader aspects of water related planning,
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notably integrated water management. There is increasing recognition that for our cities to be liveable,
resilient and sustainable, a significant change in governance, regulation and development practice is
required.

5. INTEGRATION INTO THE REGULATORY CONTEXT

To protect urban waterways from damage associated with altered hydrology, scientific assessment
frameworks and preventative options must be supported by regulatory frameworks which enforce
these requirements. For example, in New South Wales, any development subject to a review of
environmental factors or environmental impact statement (Environmental Planning and Assessment
Act, 1979) needs to consider the NSW Water Quality and River Flow objectives (DEC, 2004). These
objectives in turn follow the ANZECC water quality guidelines and the risk-based assessment
approach (ANZECC/ARMCANZ, 2000). The understanding of ANZECC by industry has been
challenging and to provide more clarity and direction, the Office of Environment and Heritage in
partnership with the NSW Environment Protection Authority (2017) developed the effects-based
assessment framework which is consistent with the National Water Quality Management Strategy
(DAWR, 1994). This risk-based framework sees a transition towards ensuring the community’s
environmental values underpin strategic land-use planning and waterway objectives. The policy and
regulation are intended to balance environmental performance with land-use development in a manner
that is sustainable, practical and viable, economically and socially. The approach was initially
developed in the Western Sydney context where a ‘parkland city’ is envisaged by the Greater Sydney
Commission (2018), incorporating a blue-green grid to assist with urban cooling and providing amenity
to the communities living there.

USIA was developed in accordance with the effects-based assessment framework (Figure 7), as such,
it works it concert with existing regulatory and legislative frameworks. While the risk-based framework
applies to all aspects of achieving waterway objectives, USIA explicitly focuses on the flow component
of waterway health. The implementation of USIA would require a step change in stormwater
management above and beyond current targets which commonly focus on reducing pollutant loads
from the developed state. Removing a substantial volume of stormwater from the receiving waters will
likely go beyond current nutrient removal. However, while flow reduction can meet or exceedtotal load
reductions for pollutants, consideration must still be given to concentrations of pollutants entering
waterways, and their appropriate management (e.g. DEC, 2006).

Risk-based framework USIA
b N
Establish context Stage 1
Explores local waterway values, activities Identify catchment characteristics and values (social,
and risks | ecological and geomorphic). Required ecosystem
services are identified using the iconic species
approach.
c \ X /
2 Effects Based Assessment
©
= How do proposed land-use changes can
g affect indicators? What are the risks? N
o
2 Stage 2
@
5 > Undertake geomorphic and ecologic assessment;
= Compare against waterway objectives develop hydrologic and hydraulic models. Model
2 Assess risk of proposed development different management scenarios.
g scenarios . y
=
]
a
Strategic Impact Assessment Stage 3 D
Assesses feasibility of achieving Link catchment values to flow metrics; relating
management responses ‘ waterway and riparian values to flows, refine stream
protection metrics and acceptable ranges.
Produce risk matrix for loss of key values under
Design and implementation ) € differing management options. 4
Develop detailed plans/designs and
integrate into broader planning objectives
(includes monitoring and review)

Figure 7. Alignment of USIA with Risk-based Framework (OEH and EPA 2017).
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6. CONCLUSIONS

USIA is intended for application wherever increased streamflow associated with urban development
threatens the values of receiving streams, including streams in greenfield development areas, or peri-
urban and urban areas where housing density is increasing through infill development. USIA highlights
the importance of reducing the overall volume of streamflow in urban catchments, as well as
disturbance events, and enables informed value judgements to be made about development
scenarios. Options to address these can have wider benefits including additional usable catchment
water resources and improved liveability through recreational space provision, watering and cooling.
While urban stream degradation is about more than just streamflow (e.g. Vietz et al., 2016b), by
controlling flows, it is expected to strategically protect, rehabilitate or maintain the ecological,
geomorphic and social values of existing streams in urban environments.

As far as we are aware, USIA is the first practical approach available to link urbanisation to streamflow
and subsequently quantify the impacts on the key values, including social and ecological
considerations. It is expected that through ongoing application and monitoring, the approach will be
refined. The overarching goal is that the application of USIA adequately informs planning and
development within the current NSW policy settings. The application of USIA is being further tested in
Wianamatta-South Creek, Sydney, followed by potential uptake in the planning and design of cities
and suburbs more broadly.
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