
Restoring the health of urban streams 
through stormwater management

Strategic alignment
Regional Performance Objec�ves (RPOs):

• RPO-14: Standards, tools and guidelines are in place and 
implemented to enable re-use and infiltra�on of excess 
storm- water, and protect and/or restore urban waterways.

Key Research Areas:

• Stormwater management and flooding: Improving 
stormwater treatment performance and determining the 
op�mal maintenance of WSUD systems

• Stormwater management and flooding: Developing decision 
support tools to inform the most effec�ve stormwater 
treatment systems and loca�ons to protect waterway 
biodiversity, amenity and recrea�on

This fact sheet is a summary of the Technical Report: Restoring 
the health of urban streams through stormwater management: A 
synthesis of the Li�le Stringybark and Dobsons Creek research 
projects (Technical Report No. 23.2, Melbourne Waterway 
Research-Prac�ce Partnership). A Glossary of terms is provided 
at the end of the fact sheet.

Background
The primary cause of urban stream degrada�on is uncontrolled 
runoff from impervious surfaces through hydraulically efficient 
stormwater drainage networks. The resul�ng disturbances are 
both hydraulic, arising from larger, more frequent high-flow 
event and lower dry weather flows, and chemical, arising from 
the complex cocktails of pollutants associated with impervious 
runoff. In response to this, alterna�ve drainage approaches have 
been advocated, that a�empt to restore the natural hydrology 
of a catchment, through the installa�on of stormwater control 
measures (SCMs). This use of SCMs has been subject to 
expensive research and successfully trialed at the site scale. 
However, although shown to be theore�cally sound at the 
catchment scale, this approach had remained largely untested. 
Despite this, this approach to managing stormwater is being 
adopted as policy (e.g. Melbourne Water’s Healthy Waterway 
Strategy) on the assump�on that stream protec�on, and 
poten�ally restora�on is possible through catchment scale 
applica�on of dispersed stormwater control measures. This 
project has sought to test this assump�on by asking if 
stormwater runoff from urban developments can be adequately 
retained, used and treated to protect or restore stream 
ecosystem structure and func�on, which is degraded by urban 
development with conven�onal stormwater drainage.

What did we do?
Over eight years beginning in 2009, we constructed 620 
dispersed SCMs projects across our two peri-urban catchments, 
thereby trea�ng runoff from 4 km2 of urban development across 
the interven�on catchments. SCMs were designed to improve 
both water quality and restore important elements of the 
natural flow regime, being designed to reduce contaminated 
stormflows via infiltra�on, harves�ng and evapotranspira�on.

SCM’s were dispersed across two peri-urban catchments (Li�le 
Stringybark and Dobsons Creek) on private and public land. 
Public land works were installed in collabora�on with local 
council (Yarra Ranges & Knox City Councils), and ranged in scale 
from dispersed small infiltra�ng nature strip systems (trea�ng < 
100m2) to large complex systems (trea�ng >20,000m2) that 
combine harves�ng, re-use and infiltra�on. Private land systems, 
comprising mostly rainwater tanks connected to internal water 
demands, where installed through incen�vized community 
engagements programs. In addi�on to funded installa�ons, the 
project partners collaborated in the development of planning 
controls to minimse the impact of new impervious surfaces.

To assess the impact of our works, we established a Before-
A�er-Control-Reference-Impact study framework, in mul�ple 
catchments across the Dandenong Ranges. We con�nuously 
monitored stream hydrology (2009-2021) and intermi�ently 
monitored water quality (monthly and event; 2001-2003, 2004-
2006, 2009-2019), macroinvertebrate community composi�on 
(Spring/Autumn; 2001-2003, 2004-2006, 2008-2020), diatom 
community composi�on, benthic algal biomass and leaf li�er 
decomposi�on (Spring/Autumn; 2011-2018). All monitoring 
ceased at the start of 2022, except macroinvertebrates, which is 
ongoing as part of Melbourne Water’s macroinvertebrate 
monitoring program.

We also undertook a number of complimentary inves�ga�ons to 
further our understanding of the delivery and value of this type 
of project. To enable an objec�ve assessment of the value of 
compe�ng SCMs, we developed an Index of Environmental 
Benefit. We also examined the par�cipa�on of the project’s 
stakeholders, namely Yarra Ranges Council and local residents. 
Addi�onally, we also explored the long-term performance of 
residen�al rainwater tanks. Finally, building on the 
environmental benefit index, we developed improved catchment 
metrics to allow predic�on of the effects of catchment urban 
stormwater runoff and works aimed at stormwater control on 
receiving streams.

What did we find?
The experiment has demonstrated that important aspects of 
stream ecosystem structure and func�on degraded by urban 
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stormwater drainage can be restored (see Figure 1). Moreover, 
the project has informed how SCMs should be designed for 
stream protec�on/restora�on and demonstrated the challenges 
in implemen�ng SCMs across catchments for stream protec�on, 
highligh�ng the need for large stormwater harves�ng demand, 
and adequate space in appropriate parts of the catchment for 
stormwater control measures (low land that can intercept runoff 
from stormwater pipes).

For water quality, our catchment interven�ons reduced 
phosphorus concentra�ons and summer temperature to 
reference levels where effec�ve imperviousness (EI) was 
sufficiently reduced in dry weather and a�er small rain events, 
but reduc�ons were smaller following less frequent, larger rain 
events. SCMs also reduced nitrogen concentra�ons which were 
influenced by sep�c tank seepage in all sites. SCMs had no effect 
on suspended solids concentra�ons, which were lower in urban 
than in reference streams. SCMs marginally increased electrical 
conduc�vity, which was already high in LSC and its tributaries: 
along with reduced temperature this is evidence that SCMs 
increased the contribu�on of groundwater to baseflows.

The stormflow hydrology of the catchment was also posi�vely 
influence by catchment interven�ons. We found that SCMs 
reduced quickflow volume and peak flow for small-to-moderate 
storm events (2-8 mm). SCM-induced changes to the flow 
regime diminished for large storm events (> 20 mm). The 
reduc�ons in storm event quickflow volume observed are 
commensurate with the likely runoff reten�on capacity afforded 
by the SCMs implemented. Decreased storm event peak flows 
are likely a result of both the deten�on and reten�on behaviour 
of the SCMs. The changes to the flow regime observed are likely 
biologically meaningful, given that small-to-moderate storm 
events dominate wet-weather condi�ons.

Analysis of the ecological effects of catchment interven�ons 
remain in progress, but we offer the following preliminary 
observa�ons (as of October 2022). The catchment interven�ons 
resulted in li�le or no change in bio�c indices, such as SIGNAL or 
LUMaR for macroinvertebrate assemblages or DSIAR for diatom 
assemblages. There was a posi�ve trend in macroinvertebrate 
assemblage composi�on (as measured by SIGNAL and LUMaR) in 
Dobsons Creek since 2013, but not in LSC or its tributaries. This 

Figure 1.Summary of reserach findings. 
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difference may have resulted from the greater pool of colonizing 
species  from the forested headwaters of Dobsons compared to 
LSC, whose headwaters are primarily urbanized.  Despite li�le 
change in summary indicators of taxonomic presence or 
absence, abundances of taxa changed in response to the 
catchment interven�ons, with numbers of some moderately 
sensi�ve macroinvertebrate taxa increasing. A single common 
diatom species, Achnanthes oblongella, which tends to be more 
common in less urban streams, became more dominant a�er 
SCM implementa�on, associated with the reduced rela�ve 
abundance of a dozen species of varying sensi�vity to urban 
impacts. The effect of the reduced nutrient concentra�ons and 
reduced flow disturbance was thus to increase the evenness of 
the diatom assemblage, which was unexpected. We are yet to 
determine if this change in the diatom assemblage was 
associated with reduced algal biomass.

Using a weighted measure of effec�ve imperviousness (EIS), 
allows predic�on of stream ecosystem response to catchment 
stormwater control measures (by linking catchment-scale 
effec�ve imperviousness with the ‘environmental benefit index’ 
applied at the scale of individual SCMs). EIS predicts both 
degrada�on responses (resul�ng from conven�onal stormwater 
drainage increasing effec�ve imperviousness) and restora�on 
responses (resul�ng from SCMs reducing effec�ve 
imperviousness) in receiving stream water quality and 
hydrology.

Community par�cipa�on in the LSC Project was influenced by a 
range of internal and external factors. Overall, the community 
was generally suppor�ve of the project’s objec�ve to improve 
the health of the creek. S�ll, the primary mo�va�ng factor for 
par�cipa�ng was the financial assistance for rainwater tanks, 
demonstra�ng that economic incen�ves are an effec�ve means 
of securing public engagement in such projects.  While the 
barriers to par�cipa�on were financial and �me constraints, 
other disincen�ves included: bureaucra�c and conceptual 
complexity of the auc�on process; distrust of the offer of 
subsidized tanks; and dislike of the aims, ethos and ins�tu�onal 
iden�ty of the project. The project was found to be an effec�ve 
avenue for increasing the willingness and capacity of local 
government (Yarra Ranges Council) to trial new approaches to 
urban stormwater management, leading to a long-term 
commitment essen�al for the development of trust and a 
culture of learning among the collaborators in the project.
Examina�on of private tank management found that that tank 
owners generally placed a high value on their tank, desired to 
have them fully opera�onal, and made a reasonable effort to 
keep them func�oning. However, the frequency and extent of 
maintenance ac�on and effort was variable, and in the context 
of a private residence, rainwater tanks were typically afforded a 
low rela�ve priority for repair when compared with other 
residen�al assets. This low rela�ve priority could be a primary 
driver for the reported delay between when a fault occurs with 
the tank and when it is repaired. This ‘repair lag’ means that a 
propor�on of domes�c rainwater tanks are likely to be non-
opera�onal at any one �me and thus offer no reten�on benefits. 

Recommenda�ons
Catchment scale interven�ons

• EIS, by integra�ng measures of SCM performance in its 
formula�on, can be used to assess the effects of a wide 

range of poten�al SCM types, designs, and implementa�on 
strategies, to predict in-stream water quality and hydrologic 
responses. We recommend that it be used to priori�ze 
management ac�ons for stream protec�on and restora�on. 
While broadly consistent with the inten�on of the Victorian 
EPA urban stormwater management guidance for volume 
reduc�on and filtered-flow volume, EIS, includes explicit 
measurement of direct in-stream stressors (frequency of 
uncontrolled flow disturbance and ambient water quality 
concentra�ons)

• Stream protec�on requires changing standard drainage 
prac�ce so that conven�onal drainage is no longer the 
default. It will require near all impervious surfaces draining 
to SCMs with high performance standards.

• Stormwater control is likely to require control measures at 
mul�ple scales, including at the scale of individual 
proper�es, on streetscapes and at the end of pipes as a final 
treatment before receiving streams. As a result, the 
reserva�on of (at least) small areas along flow lines as public 
open space for stormwater intercep�on at the planning 
stage is required.

• Stormwater control measures will provide greater 
protec�on to stream ecosystems if they mimic the 
predevelopment water balance, requiring substan�al 
demand for stormwater.

• The selec�on of future catchments for such restora�on 
efforts should inves�gate and consider community interest 
in the creek in ques�on.

• • The legacy effects of past agricultural land use and sep�c 
tank seepage can be mi�gated by SCMs, but long-term 
mi�ga�on requires ongoing monitoring. Yarra Valley 
Water’s sewerage backlog program is reducing the 
prevalence of sep�c tanks in several of the study’s 
catchments. We recommend that YVW and MW resume 
water quality monitoring in the study streams to assess the 
longer-term effects of this complementary management 
ac�on.

Community par�cipa�on

• No single approach to community engagement provides a 
“silver-bullet”, meaning an integrated suite of mechanisms 
will be required. In the case of a problem such as 
stormwater reten�on, which needs maximum par�cipa�on 
to ensure the required environmental outcomes, a 
combina�on of incen�ve- and regula�on-based systems will 
be required.

• Programs should allow sufficient �me to build recogni�on 
and understanding of the problem and solu�ons, alongside 
trust.

• The requirement of an upfront payment by the householder 
should be avoided, to reduce the percep�on of risk.

• Having a single point of contact was also iden�fied as a 
posi�ve factor for householder par�cipa�on. Sustained 
engagement of project staff also permits growth in 
understanding of the primary drivers of par�cipa�on.

Design of SCMs

• While intercep�on of runoff from all catchment impervious 
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surfaces is likely a requirement for stream protec�on, the 
intercep�ng SCMs need to have high performance in terms 
of their reduc�on in the frequency and volume of runoff, 
and the provision of filtered baseflows.

• Relying solely on infiltra�on systems capacity to minimize 
the frequency of uncontrolled runoff is likely to result in 
unnaturally high groundwater flows, with concomitant 
pollu�on risks.

• Strategies that rely en�rely on large, centralized end-of- 
pipe SCMs will likely fail, as they will (i) likely be unable to 
ensure effec�ve treatment with the large hydraulic loading 
they receive, (ii) likely be distant from demands for their 
water, thus reducing their effec�veness in load reduc�on, 
(iii) poten�ally cause perverse effects (e.g. higher water 
temperature) and (iv) fail to protect upland stream length.

• A comprehensive, integrated and dispersed approach is 
needed, so that upstream systems reduce the hydraulic 
loading on downstream systems, and downstream systems 
act as insurance for upstream SCMs that fail, or for runoff 
from untreated impervious areas.

SCM Maintenance

• One strategy to guarantee the ongoing maintenance of 
SCMs managed by local government could be to include 
(and set aside for later use) the cost of maintenance as part 
of the total project cost.

• Relying solely on the good inten�ons and the exis�ng 
capacity of homeowners to manage their SCMs is risky, 
given issues such as repair lag and the poten�al 
complacency, ignorance and inexperience of asset owners.

• An essen�al pillar of support for private land owners to 
manage their SCMs would be increased educa�on on 
maintenance, to build awareness, confidence and the 
capacity of private asset owners.

• The use of new ‘real-�me monitoring and control’ 
technologies is a poten�al solu�on to private asset 
maintenance, with the poten�al to enhance the owner’s 
awareness about when and what maintenance is required, 
or facilitate remote monitoring, that will allow for a 
centralised support program. 

How are we sharing Findings?
Publica�ons

• Bonneau, J., Burns, M. J., Fletcher, T. D., Wi�, R., Drysdale, 
R. N., & Costelloe, J. F. (2018). The impact of urbaniza�on on 
subsurface flow paths–a paired-catchment isotopic study. 
Journal of Hydrology.

• Bonneau, J., Fletcher, T. D., Costelloe, J. F., Poelsma, P. J., 
James, R. B., & Burns, M. J. (2018). Where does infiltrated 
stormwater go? Interac�ons with vegeta�on and subsurface 
anthropogenic features. Journal of Hydrology.

• Bos, D. G. (2021). Private assets for public benefit: the 
challenge of long-term management of domes�c rainwater 
tanks. Blue-Green Systems.

• Bos, D.G. & Brown, H.L. (2015) Overcoming barriers to 
community par�cipa�on in a catchment-scale experiment: 
building trust and changing behavior. Freshwater Science 
34, 1169–1175.

• Brown, H.L., Bos, D.G., Walsh, C.J., Fletcher, T.D. and Ross- 
rakesh, S. (2016). More than money: how mul�ple factors 
influence householder par�cipa�on in at-source stormwater 
management. Journal of Environmental Planning and 
Management 59, 79-97.

• Burns, M. J., Fletcher, T. D., Duncan, H. P., Ha�, B. E., Lad- 
son, A. R., & Walsh, C. J. (2015). The performance of rain- 
water tanks for stormwater reten�on and water supplyat 
the household scale: an empirical study. Hydrological 
Processes, 29, 152–160.

• Burns, M.J., Schubert, J.E., Fletcher, T.D & Sanders, B.F. 
(2015). Tes�ng the impact of at-source stormwater man- 
agement on urban flooding through a coupling of network 
and overland flow models. WIREs Water, 2, 291–300.

• Burns, M. J., Wallis, E., & Ma�c., V. (2015). Building capac- 
ity in low-impact drainage management through research 
collabora�on. Freshwater Science, 34, 1176–1185.

• Hamel, P., McHugh, I., Cou�s, A., Daly, E., Beringer, J., & 
Fletcher, T. D. (2014) Automated chamber system to mea- 
sure field evapotranspira�on rates. Journal of Hydrologic 
Engineering,

• Li, C. Fletcher, T.D. Duncan, H.P. & Burns, M.J. (2017). Can 
stormwater control measures restore altered urban flow 
regimes at the catchment scale? Journal of Hydrology.

• Nemes, V., La Nauze, A., Walsh, C.J., Fletcher, T.D., Bos, D., 
Rossrakesh, S. and Stoneham, G. (2016). Saving a creek one 
bid at a �me: a uniform price auc�on for urban stormwater 
reten�on. Urban Water Journal, 13, 232–241.

• Prosser, T., Morison, P.J. & Coleman, R.A. (2015). Inte- 

gra�ng stormwater management to restore a stream: 
perspec�ves from a waterway management authority. 
Freshwater Science, 34, 1186–1194.

• Walsh C.J., Burns M.J., Fletcher T.D., Bos D.G., Kunapo J., 
Poelsma P., & Imberger, M.J. (2022) Linking stormwater 
control performance to stream ecosystem outcomes: 
incorpora�ng a performance metric into effec�ve impervi- 
ousness. PLOS Water

• Walsh, C.J. & Fletcher, T.D. (2015). Stream experiments at 
the catchment scale: the challenges and rewards of collab- 

Restoring the health of urban streams 
through stormwater management

For more details on the research outcomes of this project,
 or other projects of the MWRPP, please contact:

Rhys Coleman
Waterways & Wetlands Research Manager (Applied Research) 

rhys.coleman@melbournewater.com.au

Slobodanka Stojkovic
Knowledge Broker, Waterways & Wetlands Research 

slobodanka.stojkovic@melbournewater.com.au


