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ABSTRACT

The ARR data hub provides estimated rainfall losses for all areas of Australia and in NSW
there are specific losses that can be accessed. But much of this data is potentially missing the
mark when it comes to the need to inform major infrastructure projects west of the great
dividing range. The NSW Government has recently refreshed their economic vision for
regional NSW and indicated their commitment to support regional growth. It highlights a
number of initiatives but this growth is dependent on the infrastructure and ultimately the
engineering to support the growth. Major highway upgrades, railway upgrades, intermodals,
industrial growth centres and support for regional councils who are now feeling the pressure
of increased populations as people move from the city to the regions.. It is therefore essential
to ensure this infrastructure is designed to withstand the risks of flooding and extreme
weather events. There are two main purposes of this paper- firstly, to critique the availability
of stream flow data and design parameters for flow estimation across western NSW; and
secondly, identify practical approaches to improve  the understanding of flood risk for
development. The paper will draw upon experience from a number of inland infrastructure
projects where ‘at site’ information is lacking and the current industry approach relies upon
east coast areas with little representation across western NSW sites. The paper will consider
approaches for utilising the available stream flow records and historic flood data to support
flood risk decisions for development in western NSW.

INTRODUCTION
In Feberuary 2021, the NSW Government released its 20 year Economic Vision for Regional NSW
(NSW Government, 2021) which was intended to reset priorities  from 2018 in light of impacts from
drought, fires, floods and COVID-19. The Vision identified 12 growth regions of which 8 regions are
inland located on the western side of the great dividing range. These regions included: Albury-
Wodonga, Eastern Riverine, Southern Tablelands, Orange, Blayney, Cabonne, Mid -Western, Central
Orana and Lower North West.  These growth areas will need infrastructure but infrastructure that is
resilient to a changing climate.



Historically, engineers have used design rainfall information to design road drainage and cross
drainage but this is being scruitinised by the approving authorities and the general public to ensure it
is adequate. This paper looks at the data requirements for drainage and cross drainage design and
identifies the deficiences in this data across select regions of inland NSW which are identified in the
Economic Vision for NSW.

Engineers need practical approaches to inform development of flood and drainage models and the
experience from a number of inland projects to overcoming these data deficiencies is documented.
There is still a lot of work to be done but perhaps this paper will highlight these deficiencies with the
hope that improvements for inland NSW can be realised soon to ensure resilient development occurs.

REGIONAL DEVELOPMENT

Development across regional NSW has been on the rise over the past 10 years and this is evident
through a number of areas, including decentralisation of NSW Government departments,
improvments to road infrastructure, investigations into upgrading rail infrastructure and additional air
travel connections. Rex Airlines, Qantas and Link Airways fly into the regions on a regular basis
connecting them with Sydney, Brisbane and Melbourne so it is possible to live in the region but work
in the cities on a regular basis. The NSW Regional Development Corporation and the NSW Office of
Economic Regional Development both aim to continue this growth through activation of
infrastructure and development precincts. The infrastructure is seen as enabling the development of
the regions and specific development precincts are being developed to further activate regions.

With a focus on inland areas, the infrastructure includes:
· Melbourne to Brisbane Inland Rail – this project will traverse through the middle of NSW from

border to border passing through Moree, Narrabri, Narromine, Parkes, Forbes, Wagga Wagga and
Albury.

· Newell Highway – considered the main inland highway that passes through Moree, Narrabri,
Dubbo, Parkes, Forbes, West Wyalong and Narrandra.

· Country Rail Network – improving country rail connections between Sydney and the regions via
the Main Western Railway through the Blue Mountains, to Bathurst, Orange, Dubbo and Parkes.

· Great Western Highway upgrades – Blackheath to Bathurst upgrades
· Mid-Western Highway – from Bathurst through to Cowra and Grenfell and joining the Newell

Highway between Forbes and West Wyalong
· Mitchell Highway  - from Bathurst through Orange, Wellington, Dubbo, Nyngan through to

Bourke

The Special Activation Precincts (SAP) that draw upon these infrastructure upgrades include:
· Wagga Wagga
· Parkes
· Moree
· Narrabri

 The SAPs are considered a planning and investiment tool that is intended to deliver industrial and
commercial infrastructure projects in dedicated areas in region NSW (Planning NSW, 2021). These
projects will also bring people and services to the regions that will place further presure on
infrastructure.

For the purpose of investigation in this paper, three regions along the Inland Rail and Newell
Highway corridor have been identified to review available data that will inform drainage design and
flood design. These regions are North, Mid and South regions (see Figure 1).



Figure 1. Investigation areas with proposed growth

These selected investigation areas cover areas proposed for growth in the NSW Regional
Development plans and NSW Budget spending. The interest in these areas is that they include long
(>20km) sections of linear infrastructure across floodplains of minor creeks and rivers in agricultural
areas. The floodwater and stormwater are seen as a resource and landowners have developed their
land to account for the opportunities floodwater and overland flow can bring..

ENGINEERING INPUT INTO DEVELOPMENT

The infrastructure and precincts identified above will need to be designed to meet current conditions
of approval and will need to consider the changing climate and the variability of weather in the
regions. In the last 4 years, regional NSW has been subject to droughts (2017 to 2019), bushfires in
the summer of 2019-2020, flooding in February 2020, and June 2021 total rainfall depths above
average by 15% across all of Australia (BOM, 2021).

Design rainfall data does not account for this variability but it is  often the only source of data to
inform design of Water Sensitive Urban Design (WSUD) features or design of water supply storages.
To understand drainage design, including WSUD, cross drainage culverts and bridges we need to
understand the key inputs into the design process.

These inputs include understanding catchment characteristics such as topography, soil conditions and
land uses. In rural areas additional characteristics include the presence of dams and contour banks,
irrigation channels and floodplain harvesting features. These characteristics inform catchment areas
and slopes and catchment response times.

Experience from a number of regional projects has shown that not all this data is available to inform
acurate drainage calculations and design decisions. Deficiencies in data are further described below.



Topographic Data

Topographic data using the Elvis Foundation data  (https://elevation.fsdf.org.au/) can
now be sourced for large parts of Austalia but is limited across regional NSW. For large parts of NSW
only 5m Digital Elevation Model (DEM) data is available and this does not always give sufficient
details to delinate catchments that are flat, or identify farm dams and irrigation infrastructure. Most
projects have had more detailed laser imaging, detection, and ranging (LIDAR) data available for the
project corridor but it often does not cover the entire watershed. From recent project experience, aerial
images and on ground investigations have been critical to providing the level of detail required to
inform the watershed catchments. Aerial imagery has proved the main source for informing local
conditions with travel restricitons in place due to COVID-19.

The image below is an extract from the Elvis Foundation Website which shows the DEM coverage
across NSW. In reference to the investigation areas chosen for this paper, all the investigaiton areas
are only covered by 10 metre data.

Figure 2. Elvis Foundation Digital Elevation Model Data
(https://elevation.fsdf.org.au/)

Stream Flow Data

There are a reasonable number of river gauges installed in the south, mid and north investigation
areas.  However, as shown in Table 1, most of the river gauges have relatively large catchment sizes
associated with major inland rivers that are part of the Murray Darling River system. From experience
the smaller size catchments (typically 5 to 50 km2) are usually encountered for the design of drainage
infrastructures such as culverts.  These gauges are still useful for calibration of the catchment wide
hydrology or hydraulic models, but the flow characteristics are likely skewed towards the
characteristics of larger catchments.



Table 1. Catchment area sizes of flow gauges within or upstream of the regions under
investigation

North Mid South

Within
Region

Upstm.
Catchments

Within
Region

Upstm.
Catchments

Within
Region

Upstm.
Catchments

No. of River Gauge 5 5 4 15 6 15

Max Catchment Area
(km2) 1170 1170 25700 19000 19000 19000

Average Catchment
Area (km2) 768 768 11738 5257 9823 5257

Median Catchment
Area (km2) 1000 1000 10320 1620 9330 1620

Min Catchment Area
(km2) 133.0 133.0 612.0 7.9 1630.0 7.9

No Gauge with major
upstream storage 0 0 0 2 0 3

Figure 3 below shows the spread of river gauges across NSW and in the investigation areas. The data
shows there are limited gauges available to inform project decisions.

Figure 3. River Gauge in NSW (https://realtimedata.waternsw.com.au/)



Rainfall Data

Rainfall information has tended to focus on areas of population which have historically been along
coastal areas. Rainfall information is used to calibrate and validate models as well as understand when
historic rainfall events occurred and to warn of potential flood events. Figure 4 shows the NSW Water
weather stations which show that there are very few gauges within the investigation areas or across
western NSW. The image also shows the lack of data near any of the main infrastructure such as the
Inland Rail and the Newell Highway.

Figure 4. Water NSW Weather Stations (https://realtimedata.waternsw.com.au/)

The Bureau of Meterology rainfall stations are shown in Figure 5. This also shows the lack of rainfall
stations across the western regions of NSW. This lack of data limits the ability of models to replicate
actual flood events because the rainfall data is not availble spatially or temporally.

In addition, infrastructure projects also require the consideration of WSUD and water reuse for both
the construction and operation of the projects.  Continuous multiple year rainfall data (usually 6 mins
to daily timestep) are required for the modelling and design.  This data is usually derived from
suitable nearby rain gauges.  If there is no nearby rain guage, daily rainfall data can be obtained from
BOM Scientific Information for Land Owners (SILO) database and the Australian Water Availability
Project (AWAP) gridded data.  The lack of rain gauges makes it difficult to find suitable nearby rain
gauges and have to rely on grided daily rainfall.  However, the basis of the BOM gridded daily
rainfall data is rainfall recorded at rain gauges and the lack of rain gauges will therefore also discount
the accuracy of the daily rainfall grid in the region.



Figure 5. BOM Rainfall Station (Commonwealth of Australia 2021, Bureau of Meteorology)

Climate Change Projections

As inidcated above, regional NSW has experienced droughts, fires and floods in the last 4 years and
while there is no evidence to indicate that these events are as a result of climate change, the
precautionary principal would suggest that climate change projections should be considered for the
design of new infrastructure. Engineers need to consider the variability in the rainfall and including
climate change projections to rainfall ensures that the full potential variablity is considered. The final
design of culverts, drainage and bridges may not need to be designed to include the climate change
projections but it should be considered when assessing the performance of the design. This then
informs the future resilience of the design.  Climate change projection data is available for the
investigation areas as presented in the Figures 6 and 7 below. But this data is still broad scale and
regional and may not account for the local variability in both temperature and rainfall across the
region caused by the topography of the region. Figure 6 presents the NSW Climate projections map
for 2060-2079 for rainfall for the Central West and Orana area.



Figure 6. NSW Climate projections map for 2060-2079
(https://climatechange.environment.nsw.gov.au/Climate-projections-

for-NSW/Interactive-map)

Figure 7 shows the Natural Resource Management Clusters that are the focus of the Commonwealth
Scientific and Industrial Research Organisation (CSIRO) climate model projections. These areas also
cover large areas and therefore don’t always take account of the variability across the cluster. The
NSW Climate Change projection data provides a better souce of regional information but it is still
limited in detail such as how rainfall intensity changes at different event magnitudes and cannot easily
be adopted by engineers in their design and assessment.



Figure 7. Natural Resource Management Clusters (Figure 1.6, Ball et al, 2019)

INDUSTRY PRACTICE ADVICE

Industry advice refers to using local gauges, local flood data, and local rainfall data to develop models
that reflect the local conditions. As described above, across regional NSW local data is generally
lacking in detail both spatially and temporally  so engineers often have to revert to other sources to
estimate flows to inform design.

When there is no relevant local information available, ARR (Australian Rainfall Runoff) guidelines is
one of the key significant sources water engineers use to obtain guidance, access to softwares such as
Regional Flood Frequency Estimation (RFFE) technique and obtain data (Data Hub). Key data
required includes:

§ Initial losses and continuous losses for the hydrology modelling; and

§ RFFE for the quick flow estimation and provision of a reference point for the validation
ofhydrologic models

Initial Loss (IL) and Continuous Loss (CL)

The loss values for rural areas provided in the data hub are based on regional multi-linear regression
prediction equations developed using  attributes from the Australian Water Resource Assessment –
Landscape (AWRA-L) model system which was developed by CSIRO and the Bureau of
Meteorology (Frost et al., 2015).   Australia was divided into 4 regions on the basis of differences in
soil moisture characteristics.  Nevertheless, the NSW Office of Environment and Heritage has
recommended a NSW specific procedure to estimate initial loss and pre-burst rainfall.  This procedure
was developed by calibrating initial and continous losses against flow observed from ‘at site’ flood
frequency analysis for 165 gauges (Podger et.al 2019).    The sizes of the catchments range form 1.9
km2 to 2,000 km2.  Figure 8 shows flow gauges near the 3 regions under investigation.  Green dots are
current active gauging stations and orange dots are gauges within the 165 gauges used in the Podger et



al 2019 study.  This figure shows that there are some relevant catchments near the north and mid
regions.  Gauges near the south region are limited. Most of the gauges have catchment areas larger
than 100 km2.  It is also noted that the vegetation coverage upstream of those gauges is different to the
coverage within the regions which is clearly seen in the aerial imagery of Figure 8.  This is quite
significant in the the south and mid regions while more moderate in the north region.  The
inhomogeneity of the vegetation cover and catchment sizes will potentially affect the relevancy of the
calibrated IL and CL for the catchments in these regions.  This means that characteristics of the
catchments used by Podger et.al 2019 to derive the IL and CL may not be relevant to the
characteristics of the catchments of design infrastructure in these regions and the suitability of using
these IL and CL is yet to be checked and verified.

Figure 8 Gauges (orange dots) used in Podger et al 2019 study to develop NSW specific
procedure to estimate IL and CL in the investigation regions



Regional Flood Frequency Estimation (RFFE)

RFFE, based on data from 853 gauged catchments, divided Australia into six data-rich regions, two
data-poor/arid regions and six fringe zones. In data rich regions a Bayesian Generalised Least Squares
regression was adopted to regionalise the three parameters of the LP3 distribution. An index method
was applied in the data-poor/arid regions and an interpolation procedure is used to derive flood
estimates for fringe zone sites.

However, RFFE is not suitable for catchments with significant changes in the natural rainfall-runoff
behaviour such as dams and weirs, areas with large scale land clearing or significantly affected by
agricultural activities, construction of drainage or irrigation infrastructure, and soil conservation
works or mining activities.  The accurracy of this method is also limited if the catchment area is less
than 0.5 sq km or located further away than 300 km from the nearest gauging stations.  In addition, if
the catchment required flood estimates are distinctly different from catchments of gauges that use
RFFE  the flood estimates could be unsuitable.

The gauges used in the three investigation areas are simlar to the gauges used for the estimation of IL
and CL.  Compared to the catchments in the three regions, these gauge catchments are generally
larger and located in more hilly and highly vegetated areas.  The effects of these differences on the
accuracy of using RFFE in these regions are yet to be examined.

DATA DEFICIENIES IMPACT

Experience across a number of projects in the investigation areas has shown that the data deficiencies
have impacts for developing hydrologic and hydraulic models and subsequently informing design
decisions.

Topographic Data

Poorly defined and lack of suitable topopgraphic data has resulted in poor catchment definition.
Figure 9 below shows a cross-section through two data sets, LIDAR and 10m DEM data. The
differnce in height caused issues with defining catchments and required manual manipulation for all
interfaces to ensure the catchment could be defined. This subsequently added time to processing of
catchments.

Figure 9. Cross Section at dataset interface.

Across rural areas, lack of topographic definition limits the ability of a hydraulic model to replicate
flood behaviour.This means the full channel definintion for waterways will not be included in the
model, irrigation channels will not be adequately defined and other water controlling features
including contour banks, levees and dams will lack definition. This limits the ability of the hydraulic



model to adequately model flood behaviour.

Stream Flow

Lack of stream flow data restricts the ability of engineers to calibrate models to ensure they are
represenative of the catchment. A review of gauges within the investigation areas reveals issues with
the gauges including:

§ Limited actual manual gauge readings to develop a rating table for the control; and

§ Lack of gaugings for high flow event,  subsequently limiting the ability of the gauges to be
used to calibrate the models for large flood events.

Rainfall Data

Drainage design is based on event rainfall and there are limited subdaily rainfall stations available
across the regions to be able to match an event to a stream gauge recording of a high flow event.

RFFE

The suitability of using RFFE estimates for design catchments is uncertain especially minor drainage
infrastructure, which usually have catchment areas smaller than 0.5km2 which is the limit of the RFFE
tool. This therefore limits the suitability of using RFFE for quick calculation of flows for minor
drainage infrastructue, which is one of its intended uses.  Similarly, quick alternative flow estimation
methods are commonly used to provide rough flow estimates for hydrologic model verification and
the suitability of RFFE to be used in regional NSW for this purpose is also uncertain and requires
further assessment.

APPROACHES TO CONSIDER

Experience from projects has identified that practical approaches are needed to overcome the
deficiencies. Planning and design of infrastructure projects and precincts are well under way across
regional NSW and timeframes to deliver designs are shortening. This means that engineers sizing
culverts and designing stormwater drainage systems need practical approaches to addressing the data
deficiencies. Engineers simply do not have the time to undertake an academic review of all the data
and develop a site specific approach to flood modelling and stormwater drainage design.

Some of the approaches that have been considered and or should be considered to overcome the
deficiencies are described below.

RFFE

Use RFFE to validate the flow estimates, but as described above, there are current significant
limatitions in the data available for the RFFE approach. This is an easy first pass at estimating flows
and quickly identifies all the nearby gauges. Further analaysis of the nearby gauges can then be
undertaken to determine catchment similarity to assist with determining the suitablity of the RFFE
results for the site under investigation. This approach, however, is not suitable for stormwater
drainage design.

FFA

Flood Frequency Analaysis (FFA) is also an easy approach to understand local conditions but across
the three investigaiton areas there are little to no gauges that could be used for this approach. For the
gauges that are available there are limitations with the data that prevent a robust FFA.

Historic Data Collection

Historic data collection is a standard step in the development of a flood study. The NSW Floodplain
Development Manual (DIPNR, 2005) states “Data collection should not be seen as an end in itself,
but as input to enable preparation of properly informed studies, management plans and floodplan risk
management decisions.” But it is often overlooked for the design and only considered as part of the
environmental assessments and therefore can be too late. In regional areas, flood events and even



rainfall events are closely watched and recorded by landowners. Experience has shown that
landowners can be a good source of historic flood data in the form of  photographs, drone videos and
rainfall records. Collection of data to inform the flood models should occur at the very beginning of
the project. Engineers often undertake site visits but data collection from landowners and local
authorities should also occur at the beginning.

Maintenance records for nearby infrastructure have also been shown to be valuable sources of
information to inform blockage assumptions for the project.

There are also a number of sources for aerial images of flood events that can help inform the extent of
flooding across areas with no gauges. These include the NASA Earth Observatory (LANCE/EOSDIS
MODIS Rapid Response Team at NASA GSFC. Captured by Michon Scott). Government also
commission the capture of aerial flood images and these can o provide a means of understanding the
extent of flooding.

Figure 10 Floods across the Namoi and Gydir River floodplains in November 2011.

NEXT STEPS

So where too from here? It is obvious that there is a deficiency in the data available for the inland
regions of NSW. This paper identifies the actual deficiencies but it is up to the government to address
these deficiencies. Engineers can advise on what is required to ensure new infrastructure and
development is built to meet current climate and future climate scenarios. But for the moment
engineers need practical approaches to developing flood models and drainage models that inform
design within the limited project timeframes.

The design approaches detailed in previous sections are considered as tentative approaches before
more adequate data is available.  The longer term solution should be trying to improve the data



availability.  For example, a database that includes recorded data from landowners, infrastructure
owners and all government departments. This will ensure all data that has been captured is available
to inform design and therefore ensure the enigineer has the best available data to develop flow
estimates.

Establish gauging stations at selected key representative catchments in the region to confirm the
relevancy of the regionalised design parameters such as IL and CL, and improve the accuracy of
RFFE flow estimates.  Ideally, this study catchment should not only include the monitoring of
hydrological characteristics but also water quality and geomorphic characteristics.  This type of study
catchment could not only provide a long record of data, but if there are developments in the catchment
it will provide informatoin to allow the understanding of the effect of urbanisation as well as climate
change.

In additon, a localised study of climate change impact on extreme rainfall and runoff and catchment
yield for selected regions will be beneficial.  Simplified easy to use procedures for designers to adjust
their design input to allow for climate change impact is an important step to ensuring that drainage
and water resource infrastructure in the regions is future ready.
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