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Abstract
The management of water in Australia has been of prime importance given the climatic extremes
regularly experienced across the country. The history of urban water management has moved from
ensuring reliable supplies of potable water, through management of flooding, management of the
impacts of urban water on the environment, and now, to integrated urban water management, where all
aspects of the water cycle are considered and managed. The challenge in this new paradigm is how to
facilitate uptake of integrated water management by identifying which solutions are effective, and can
be readily assessed by regulatory authorities to ensure legislative compliance. In Australia, this role has
been largely undertaken through the use of a software tool.
The Model for Urban Stormwater Improvement Conceptualisation or MUSIC, developed in partnership by
research agencies, academia, government bodies and industry representatives, has become a significant
vehicle to facilitate the adoption of Sustainable Urban Drainage solutions (SUDs) to manage the urban
water cycle. Primarily this has focused on the use of SUDS for the management of urban runoff, but has
moved more recently into all aspects of the water cycle. One of the key drivers for facilitating uptake in
improved urban water management was the setting of appropriate targets and the use of MUSIC to
assess compliance with those targets. This paper explores the background of the MUSIC model, how it has
been used by regulatory agencies and how it may be suitable for application to urban water
management in the UK.
Background
Many organisations in Australia, from governments to catchment management agencies, have
introduced initiatives to protect the aquatic environment of urban areas from poor urban water
management. Often these initiatives have focused on point sources of pollution, such as sewage
discharge and industrial effluent. They more recently have turned their attention to diffuse sources of
pollution, such as urban storm water runoff. The challenge is that this storm water runoff is part of the
water cycle, and consideration of only one part of the cycle can limit the ability to provide cost-effective,
integrated solutions to manage the whole water cycle. With the impacts of climate change already
being experienced in some parts of the country, especially with respect to reductions in annual rainfall
volumes, the focus on all aspects of the water cycle to assist in providing alternative water supplies in
addition to managing environmental impacts has increased.
It is difficult to prevent stormwater from damaging and polluting waterways because runoff can be
contaminated almost anywhere rain falls, and excessive flows will occur wherever there are impervious
surfaces directly connected to waterways. The rainwater and stormwater that causes these problems can
also be a resource, and reuse in areas where it is fit for purpose, such as outdoor watering, toilet flushing,
toilet flushing and even hot water systems can be beneficial in providing more robust future water
supplies. Consequently, successful initiatives to manage the water cycler must adopt a catchment-wide
integrated water cycle approach, with a particular focus on tackling the sources of stormwater runoff at
or near their source. The diffuse sources of stormwater pollution also demand a multi-disciplinary
approach. Successful initiatives may need to integrate a range of urban planning, engineering,
architecture and design disciplines, including urban hydrology, land-use planning, landscape design and
asset life-cycle economics.
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In 2001, the Cooperative Research Centre for Catchment Hydrology, an organisation formed of
universities, research agencies, government bodies and industry partners, formed an urban storm water
research program to develop a decision support system to assist in urban water management. This tool,
once developed, became the basis for assessing compliance against specific objectives to manage
urban water impacts. It has seen widespread use, with thousands of users across the country using it on a
daily basis to predict and manage the impacts of urban development. This tool, referred to as MUSIC, the
Model for Urban Stormwater Improvement Conceptualisation, has a range of elements that can assist in
facilitating better urban water management and is now being adapted for other countries, specifically
the UK and France.
Modelling Philosophy
MUSIC was developed an aid to decision-making. It enables users to evaluate conceptual designs of
stormwater management systems to ensure they are appropriate for their catchments.
By simulating the performance of stormwater improvement measures, MUSIC determines if proposed
systems can meet specified objectives with respect to water reuse, water quality, and hydrologic
management. MUSIC simulates the performance of a group of stormwater management measures,
configured in series or in parallel to form a “treatment train”. The algorithms run on an event or continuous
basis, allowing rigorous analysis of the merit of proposed strategies over the short-term and long-term.
The adoption of a continuous simulation approach is recommended in effective water quality and
integrated water management modelling. This stems from the fact that impacts of poor stormwater
quality on aquatic ecosystem health are associated with cumulative pollutant loads and frequency of
aquatic ecosystem “exposure” to poor water quality. Pollutant loads delivered to receiving waters from
many of the small storm events (e.g. of magnitude less than the 3 month ARI peak discharge) can make
up in excess of 90% of the annual loads discharged from the catchment. In addition, the period over
which the treatment of stormwater by vegetated systems such as buffers and swales occurs, can be
measured in minutes. Using a “design event” approach does not adequately consider these effects, so a
continuous, sub-daily model may result in more accurate predictive capability.
MUSIC is designed to simulate stormwater systems in urban catchments and to operate at a range of
temporal and spatial scales suitable for catchment areas from 0.01 km2 to 100 km2. Modelling time steps
can range from 6 minutes to 24 hours to match the range of spatial scale.
The challenge with the use of models is ensuring appropriate application. MUSIC is not a detailed design
tool; it does not contain the algorithms necessary for detailed sizing of structural stormwater quantity
and/or quality facilities. MUSIC should be viewed as a conceptual design tool for the development of
integrated water management strategies.
Research Underpinning MUSIC
MUSIC was developed in a flexible, modular form, allowing the latest technologies and research to be
incorporated readily. This allows adaptation of MUSIC's capabilities as new research insights are
developed and new application environments are considered. The eWater Cooperative Research
Centre, the successor to the CRC for Catchment Hydrology, and its partners in the development of MUSIC
(led by Monash University) have conducting numerous field and laboratory projects to quantify the
effectiveness of stormwater management measures. This has resulted in the development of algorithms
and default parameters based on the research, such that the model has become the repository of the
research science and data. As further research is undertaken, the results can therefore be used not only
to improve existing data within the model, but due to its modular flexibility, it can result in additional
functionality and treatment modules to enhance its application.
2

The Wastewater and Urban Drainage Conference
WaPUG - November 10th-12th Blackpool

Applications of MUSIC
MUSIC is typically applied as a tool to assist in evaluating the water quality performance of urban
developments as part of consent applications to local government. To do this, proponents develop their
models according to established guidelines for the region where the development is to occur. These
guidelines are prepared by the local or state agency to cover the typical application of MUSIC within their
jurisdiction to ensure consistency of modelling outcomes using the product.
An example of MUSIC used in an urban development is shown below.

Figure 1 MUSIC Model of an urban subdivision

While most commonly used at that scale, given that MUSIC is inherently flexible in terms of spatial scale,
small or large scale models are also possible. For this reason, MUSIC has been used to develop policy with
regards to SUDs implementation, sizing of retrofit treatments, understanding costing implications of “at
source” vs “regional” treatment systems, development of water quality targets and objectives and a
range of other integrated water management related policies and practices.
The application of MUSIC is therefore not limited by one type of use, however some caution regarding the
use of the model is required, as beyond spatial scales of around 1000 ha, rainfall variability (due to
heterogeneity and/or orographic effects) may become significant, however multiple MUSIC models can
be used, each one with a different rainfall file, to account for this. It is also likely that for very small scales
(<1 ha), hydrologic parameterisation may need to be refined to ensure the response of porous areas
adequately reflects the sub-daily hydrologic response of these areas.
Examples of small scale and large scale MUSIC models are shown in figures 2 and 3.
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Figure 2 Small Scale MUSIC Model

Figure 3 Large Scale MUSIC Model

The ability to export data out of the model means that MUSIC can be used to provide input from other
models (including other MUSIC models), as well as catchment models, receiving water quality models and
ecosystem response models. In a similar vein, the imported data node in MUSIC allows time series data
from other models (such as other hydrologic models) to be used within MUSIC.
Facilitating Adoption of Urban Water Management
In the end, MUSIC is simply a tool for urban water managers to develop and assess potential management
options. Given that it was a relatively easy tool to use, government regulators quickly identified that it
could be utilised (with appropriate guidance) as a means to provide a means to measure compliance
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with specific water management objectives. In Australia, these objectives were initially established
around protection of urban stormwater quality, but more recently have also included management of
urban hydrology and assessment of alternative water supply options. The widespread uptake of the
model has been driven by the need to assess compliance, from the industry perspective, to ensure costeffective solutions, and from regulators, to evaluate compliance.
The importance of target setting cannot be too strongly stressed. It was the combination of targets and a
tool to assess compliance with them that resulted in SUDs being implemented on the ground, as the
targets were set in such a way that SUDs had to be used to achieve them, as “off-the-shelf” solutions were
not able to achieve the targets in isolation.
Could this approach be also used in the UK? Currently, MUSIC is being adapted to suit application in the
UK, especially in regards to evaluating the suitability of the hydrologic models and stormwater treatment
algorithms. It is intended that the adaptation of the model will focus on assisting in delivery of relevant
features of the Flood and Water Management Act, but also it could be used to quantify effectiveness of
measures for integrated water management as part of sustainable development policy e.g. the Code for
Sustainable Homes. Its use to facilitate greater adoption of SUDs measures may therefore be possible,
however close attention will need to be paid to the assessment of compliance with existing and possible
future water management objectives.
Conclusion
MUSIC has been developed through the detailed application of well researched scientific principles and
practices and has seen wide adoption in Australia due to the credibility of the science, the flexibility of the
model and the easy to use interface. Further developments in both the model itself and the science
behind it are continuing through both research agencies such as Monash University and the eWater CRC,
and by its application in a wide variety of situations and environments. It has become the “tool of choice”
in assessing the application of SUDs across Australia and is likely to continue in that role for the foreseeable
future. It may also have a similar role in the UK and further work is being undertaken to assist in this.
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