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The Li�le Stringybark Creek (LSC) and Dobsons Creek 
projects were long-term catchment-scale experiments 
designed to test if Stormwater Control Measures 
(SCMs)—primarily rainwater tanks, raingardens and 
infiltra�on systems—applied across an urban catchment 
can help restore stream condi�on. Commencing in 2008, 
the projects were led by The University of Melbourne and 
Melbourne Water, in collabora�on with local 
government, industry, and property owners. We 
monitored changes to stream water quality, hydrology, 
and ecology (Fact Sheet 10), and also assessed 
techniques for local government collabora�on (Fact 
Sheets 3 & 4), community engagement (Fact Sheet 5), as 
well as SCM design, performance and maintenance (Fact 
Sheets 6 & 7). 

About the fact sheets
These fact sheets summarise our scien�fic and prac�cal 
findings and insights on catchment-scale stormwater 
management over the long-term LSC and Dobsons Creek 
projects. We hope that they might inform and guide the 
planning and delivery of future waterways management 
projects for improved stream health.

About monitoring programs
There are many reasons to monitor the performance of 
individual SCMs or the collec�ve impact of an SCM 
network: to ensure func�onal performance, to assess 
compliance with regulatory requirements, and to build 
knowledge that directly informs future design and 
installa�ons. Doing this meaningfully requires the 
acquisi�on of data that are both appropriate to the 
research ques�on and of suitable quality to confidently 
answer ques�ons, which carries cost in terms of money, 
effort, and �me. For example, it may be important to 
consider the temporal, spa�al, analy�cal and quality 
assurance and quality control (QA/QC) characteris�cs to 
ensure the right variables, sufficient sampling frequency 
(including event-based capture where required), 
representa�ve site coverage, appropriate analy�cal 
detec�on limits, and use of standardised procedures 
where available.  



This fact sheet is not intended to be a comprehensive guide 
to designing and opera�ng a monitoring program. Rather, it 
is intended to share the experience and knowledge gained 
from our two decades of monitoring waterways and SCMs 
in the Greater Melbourne area. While many insights arise 
from the LSC and Dobsons Creek projects, this fact sheet 
also draws on more recent studies to give up-to-date 
perspec�ves and a wider range of experience and 
applica�on. We provide recommended reading for 
comprehensive guidance on monitoring programs in the 
Further Informa�on sec�on. 

Project findings and insights

A. Planning and design

1. Identify what you want to know and how you 
want to use the data.  We find it helpful to first define 
the purpose of our monitoring program as a series of 
ques�ons. For the LSC project, these included ques�ons 
like: How well do SCMs perform with respect to hydrology, 
water quality and water harves�ng poten�al? and does the 
actual SCM performance match the modelled 
performance? Such ques�ons can form the basis of the 
performance objec�ves and evalua�on criteria, which will 
inform the type of data that needs to be collected (as well 
as where and when).  

Monitoring resources, skills and capacity typically constrain 
monitoring programs. As a result, the types of data 
collected o�en needs to be priori�sed. For example, if it is 
difficult to accurately measure low and high flows 
concurrently, which element of the flow regime is more 
important? Answers to ques�ons such as these will affect 
the choice of monitoring loca�on, equipment and data 
frequency. These choices also have implica�ons for 
considera�ons like cost (see Insight #3), power 
consump�on, and security of equipment and data. For 
example, ongoing water quality analyses can be a significant 
expense (especially across mul�ple sites), meaning the 
monitoring program may need to priori�se which loca�ons 
should be monitored. Finally, consider the dura�on of the 
project. For longer-term projects it can be worth inves�ng 
more �me and resources into site setup e.g. installa�on of 
secure storage cabinets for water sampling equipment or 
flow gauges.  

2. Data accuracy requirements should be 
considered before monitoring sites are established. 
Whenever possible, effort should be made to iden�fy the 
required accuracy of data, informed by the monitoring 

objec�ves, experience from similar monitoring programs 
and/or consul�ng with experts.  O�en, the decision will be 
a balance between the size of the environmental response 
and the accuracy with which it needs to be measured, costs 
such as frequency of site visits, equipment, and the value of 
this informa�on for decision making. At the beginning of a 
project, it can be difficult to appropriately instrument sites 
without knowing the sensi�vity of the impact data (i.e., the 
range of observa�ons or the size of the response to a 
management interven�on). Flood monitoring, for example, 
might not require accurate monitoring of small varia�ons in 
streamflow, as is necessary when evalua�ng the beneficial 
impact of WSUD assets. The LSC project ini�ally relied 
heavily on natural flow controls (e.g. rock weirs) to monitor 
stream flows. This was jus�fied because it was thought 
SCMs would have a larger impact on flows than they 
actually did and because of the high cost of installing 
accurate flow measurement equipment. However, the 
natural flow controls failed to provide the level of data 
accuracy required by the project, as they were affected by 
mobilisa�on of sand and silt, which frequently changed the 
flow ra�ng curves. Eventually, these were replaced with V-
notch weirs, which provided more accurate data for low- to-
medium flows. The upfront cost of these upgrades was 
offset by the substan�al reduc�on in site visits, gauging 
requirements, and post-processing of hydrological data.  
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3. Consider the differences between low-cost vs 
high-cost sensors and loggers. The choice of sensor(s) 
can be a cri�cal decision for monitoring programs, which is 
made difficult by the wide range of sensor op�ons available 
and the need to understand trade-offs such as: accuracy vs 
cost; cost vs maintenance �me; ease of installa�on vs risk of 
losing equipment in large storms, and off-the-shelf vs 
custom-built infrastructure/equipment. We have used 
mul�ple sensor types for our monitoring programs and 
decisions about which sensor(s) to use for what program 
have been situa�onal. In the early days of the LSC project, 
we found that the use of higher quality monitoring 
equipment yielded more accurate and reliable data. For 
example, the project team replaced several mid-range 
priced water level probes (accurate to 20mm) with a higher 
quality, more expensive product (pressure level sensor, 
accurate to 2 mm).  Along with increased accuracy, the 
more expensive water level probes featured telemetry 
capability, which aided in data retrieval, interroga�on, and 
�mely iden�fica�on of maintenance issues.  

More recently, we have leaned towards cheaper, off-the-
shelf sensors combined with custom loggers. These custom-
built, low-cost systems include a poten�al trade-off of 
higher maintenance demands, but the benefit is flexibility 
and customiza�on, especially for capturing ‘live’ data’ (see 

Insight #4). High-end, off-the-shelf sensors are some�mes 
less flexible in terms of what data you can collect. However, 
advantages may include lower associated opera�onal costs 
(e.g. �me cleaning the data, see Insight #11) and high-
quality reliable data. Custom built, low-cost sensors work 
for us because their flexibility gives us greater control over 
the data we collect. 

4. Access to live (near-real-time, continuous) data 
can offer many benefits. Live data can reduce the 
requirement to send staff into the field. When combined 
with alerts, live data are invaluable for detec�ng problems 
early and for efficiently planning field work. For example, 
live data are helpful for checking flow and ba�ery levels 
prior to a field trip or determining if it is a good �me to 
collect water quality or ecological data. They are par�cularly 
helpful for capturing event-based water quality data, 
because they provide informa�on that helps assess if the 
rainfall event triggered a streamflow response or if there is 
ou�low from an SCM that can be sampled. Having a camera 
that can capture visual data on demand is also useful. For 
example, when something is wrong, being able take a photo 
remotely can help with diagnosing the problem before 
going to the site. 

For many of our monitoring projects, we have adopted a 
model that accepts having less reliable live data when they 
are coupled with a high-reliability logger, storing data onsite 
which are regularly downloaded. Live data can be troubled 
by, for example, occasional breakdowns in communica�on 
(due to variable mobile or satellite recep�on). A high-
reliability logger records everything and ensures no data 
loss due to such communica�on issues. In this scenario, the 
downloaded data are used for analysis and the live data are 
used for ‘monitoring’ the monitoring (e.g. alerts and 
surveillance). Prior to having access to live data, we found 
that obtaining good quality data required us to be out in the 
field more o�en and also resulted in some longer gaps in 
data as there was no way of knowing when a sensor was 
not opera�onal other than through site visits.  

5. Be willing to adapt your monitoring program.
Experience from the LSC and Dobsons Creek projects 
demonstrates that, even with careful planning, gaps or 
prac�cal issues are likely to arise once monitoring is 
underway. To avoid wasted effort and expense, plan for an 
adap�ve approach e.g. test and validate methods with a 
pilot prior to implemen�ng the full monitoring program, 
review and analyse data early and o�en, and be prepared 
to revise sampling frequency, instrumenta�on, or site 
selec�on.
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B. Collecting data

6. Ensure consistency of methods across all 
monitoring sites. It is important to maintain consistency 
of methods across all sites within a monitoring program, as 
varia�on can distort data compa�bility and useability for 
desired analyses. In the LSC project, small differences in 
water quality samples that were collected manually versus 
automa�cally, in conjunc�on with the use of automa�c 
samplers at some, but not all sites (and sporadically through 
�me) meant the costly autosampler data were excluded 
from many analyses. For ecological monitoring, even a 
minor varia�on in methods can introduce variability or error 
into final analyses. This is par�cularly true for long-term 
projects, where changes to methods may arise due to 
staffing changes or changes to instream condi�ons that 
command methodological change. The former can be 
mediated by maintaining a wri�en record of the methods 
(protocols) that are clear and sufficiently detailed such that 
the applica�on of the method doesn't vary from person to 
person, along with adequate training of new staff. For the 
la�er, it is vital to cross-calibrate old and new methods to 
ensure long-term comparability. We are currently using 
custom mobile phone apps to prompt field personnel on 
ac�ons needed for specific projects. This helps to address 
many of the inconsistencies caused by different people 
visi�ng sites, and in par�cular helps with the challenge of 
the daylight savings �mestamp. 

7. Human resources are vital to good data 
collection. Acquiring reliable, accurate, fit-for-purpose 
data typically relies on a heavy investment in labour for the 
establishment, collec�on, processing, and quality 
assessment of data. For example, prior to having live data, 
the LSC used a team of 2 people, one day per week for 
maintenance and calibra�on (where they would visit 4-8 
stream sites, some rain gauges, and a few SCMs). Although 
it can be labour-intensive, frequent site visits and 
inspec�ons of equipment (especially weirs and levels), and 
performing regular equipment calibra�ons and equipment 
maintenance all resulted in be�er quality data, without 
which we would not have been able to confidently assess 
the project’s objec�ves. 

8. Comprehensive field notes are critical. Thorough 
field notes of site condi�ons, visual observa�ons (e.g. water 
level, water coloura�on), anomalies, or changes to site 
loca�ons through �me are cri�cal for explaining data 
varia�on. This is especially true for long-term monitoring 
projects where personnel can change over �me. In our 
experience, field notes serve two primary func�ons: 1) to 
keep track of equipment issues and func�on to improve 

reliability and maintenance of the equipment, and 2) to 
record comments on the quality of data collected (e.g. flow 
control condi�on) to help with processing of the data. This 
should be done promptly and regularly (see Insight #13) 

9. Urban hydrology is complex, even at small scales.
The monitoring of pipe flows in the headwaters of the LSC 
catchment revealed the complexity of urban hydrology – 
specifically, the complex pathways urban runoff can take 
before entering the drainage system. The impact of this 
complexity varied across different catchment scales. At very 
small scales (1-2 allotments), uncertainty can be reduced by 
checking each pipe and their associated catchment area. 
Uncertainty is greatest at a scale of a few streets (10-50 
allotments) – where there is a greater chance of hydrology 
being affected by confounding issues, such as blocked 
pipes, leaking infrastructure or the urban karst (a network 
of constructed, high-permability subsurface pathways) but 
ground-truthing is imprac�cal.  

The LSC project also showed the poten�al for pervious 
surfaces to generate runoff during quite small rainfall 
events (<10mm), which confounded modelling and analysis. 
Similarly, the hydrology of natural catchments can also be 
complicated. The LSC project found substan�al differences 
in the flow between different reference catchments (nearby 
forested catchments free from urban impacts, against 
which we compared the LSC and Dobsons catchments), 
differences much larger than the differences observed in 
water quality and biological indicators. For example, flows 
in Lyrebird Creek were o�en half as much as that observed 
in Olinda Creek (two of the study’s three reference 
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catchments), despite both streams having a similar 
catchment size. These findings highlight the importance of 
selec�ng suitable reference catchments; ideally catchments 
with similar physical proper�es (e.g. land-use, slope, 
geology) and, most importantly, flow regime. We 
acknowledge that the flow regime might not be known 
before a monitoring program commences, so having a long 
lead-in �me might be necessary to allow collec�on of 
preliminary data to confirm that sites are comparable. 

10. Timing and amount of rainfall varies 
significantly within and across study catchments. 
Several rainfall gauges across the LSC catchment (installed 
and maintained by the project team) o�en recorded 
different data, despite their close proximity (~1 km). In 
addi�on, there were o�en notable differences in the rainfall 
recorded by the team and that recorded in and near the 
study catchments by the Bureau of Meteorology (BOM) and 
Melbourne Water. For example, it was common to have 
days where the project gauges recorded <0.5mm of rain, 
but nearby guages recorded several millimetres of rain. 
These findings stress the importance of having mul�ple rain 
gauges in small, urban catchments, especially for those with 
high relief (where variability is increased due to the 
complex interac�on between topography and atmospheric 
processes), if obtaining accurate rainfall is important. 

C. Using data

11. Collecting data is just the first step in 
monitoring. There is a significant amount of effort 
involved in organising, processing (e.g. quality checking, 

error detec�on, and handling) and storing data. This �me-
consuming task should be considered in the planning and 
design phase to allow for staff/funding planning and 
because it may also influence the design of the monitoring 
program (e.g. how much data are collected or the quality of 
the data collected or sensors used).  

12. Regular processing of data is critical. Checking 
data con�nually (e.g. to detect sensor dri� and need for re-
calibra�on) is essen�al for understanding whether the data 
you are collec�ng are adequate for your defined purposes. 
This is a cri�cal ac�on regardless of whether the sensors/
loggers are low- or high-cost, and whether the data are live 
or otherwise. Not examining the data un�l the end of the 
collec�on period is a recipe for failure. Addi�onally, it is also 
recommended to perform a preliminary analysis of the 
data, to check whether the assump�ons are correct for 
proposed sta�s�cal analyses. 

13. Take steps so the data can be ‘trusted’ by all 
users. Document the strengths and limita�ons of each 
dataset (which is only possible if you’re regularly checking 
and working with the data). Retain an untouched copy of 
the raw data. Ideally, have a traceable, computa�onally 
reproducible data processing procedure, so it is possible to 
track (or understand) how the analyst obtained the final 
results from the raw data. 

For more details on the outcomes of this project, please refer to:
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