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Executive Summary 
As part of the Northern Basin Review, the Murray–Darling Basin Authority (MDBA) conducted a 
significant number of research projects in order to test the settings of ‘site-specific flow Indicators’ 
(SFIs) in the lower Balonne. These SFIs were set in the Basin Plan in 2012, and are defined as 
flow rates associated with the achievement of particular ecological outcomes.  

One of these projects involved the use of classified satellite imagery and gauged flow data to 
study flow-inundation relationships across the lower Balonne and middle Darling regions. The 
results can be used to gain further insight into how flow behaves on a large scale across the 
floodplain, and provide evidence for either the confirmation or alteration of the original SFIs for 
the lower Balonne as published in 2012. For example if the imagery shows significant inundation 
at a different flow rate than was previously understood and this inundation is associated with 
particular environmental outcomes then this may be justification for a change to the SFI.  

The work provides a snapshot of flow events from a collection of tens of thousands of images 
from 1987 to 2014, capturing the actual flows that have occurred across the landscape in this 
period. This work is based on actual observed events and so there are many variables that may 
affect the total inundation achieved (such as soil moisture levels, rainfall or the operation of 
structures). Hence, it is not intended for use as a predictive tool, but as an observational tool for 
studying past trends in flow behaviour. The work provides significantly more information than was 
available to the MDBA in 2012, when the original Basin Plan settings were made. 

This analysis was carried out for the Culgoa, Narran, Birrie and Bokhara Rivers, as well as for the 
middle Darling from Bourke to Wilcannia. The useability of the results relies on the availability of 
suitable images (e.g. clear weather on the day the image was taken) and suitably available 
gauged flow data, along with the inherent hydrologic complexity of the system and the accuracy 
of the water detection algorithm used to detect water on the landscape. There is some evidence 
that the particular algorithm used (which underpins the data) can underestimate water 
classification, due to the data being a national product, designed to work as well as it can over 
multiple types of landscape, but even so the overall inundation patterns are still suitable for 
identifying key flow rates where large-scale changes in inundation can be observed, the purpose 
of this work.  

Due to the availability of gauge data and suitable images, the middle Darling and the Culgoa 
River produced good results (on a flood zone scale), which can be used to help set SFIs in those 
regions. The results were less reliable for the Narran River and the Birrie–Bokhara Rivers, due to 
the inherent complex nature of the landscape in those regions, so the data was not used in 
helping set flow rates for those regions.    
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Introduction 
During the Basin Plan finalisation, the MDBA identified the need to further investigate the 
hydrology and environmental requirements of the northern basin. This was due to the northern 
basin science being less developed at the time than that of the southern basin, with greater 
uncertainty in environmental requirements and hydrology of the region as a whole. Further 
investigating the environmental needs of the Barwon–Darling and Condamine–Balonne was of 
particular interest, and has become a large portion of the work program for the MDBA Northern 
Basin Review, due for completion in mid-2016.  

The environmental needs of reaches have been defined by site-specific flow indicators (SFIs). 
These SFIs were specified at Hydrologic Indicator Sites which were assumed to be good 
indicators of the environmental needs of the wider reach. The flow, duration, seasonality and 
frequency required to maintain the local ecosystem were defined using both literature reviews 
and published analysis of vegetation inundation. This work became a key element of Basin Plan 
development. 

Since that time, many of the original datasets used have been updated or replaced with newer 
information. As such there is an opportunity to improve on knowledge of the hydrology of the 
northern basin and as a result the water needs that were used to define the SFIs.  

This report outlines the methodology and example results from a recently developed MDBA work 
program, utilising Landsat satellite imagery to determine flow inundation results for the lower 
Balonne and middle Darling. These results were used to help identify at what flow rates 
significant breakout of inundation occurs, and hence any changes that may be needed to the 
specified flow thresholds as part of the Northern Basin Review.  

Background 
To help better understand the way in which flow behaves in the lower Balonne landscape the 
MDBA tasked the CSIRO to develop a detailed floodplain inundation model. This would help 
describe the flow behaviour for every 1,000 ML/d increment in flow rate across the whole 
floodplain while accounting for soil moisture, and hence helping include the variability of 
inundation that results if the ground is either dry or wet. It was to become a major input to the 
Northern Basin Review.  

The first version of the model was delivered to the MDBA in November 2015 but the MDBA 
quality control processes determined the model output was not realistically predicting flow 
behaviour, particularly in the Culgoa River. A way forward was found for the CSIRO to update the 
model to overcome these issues. This updated version of the model was received in August 2016 
and is still undergoing review. Unfortunately this model was received too late for the Northern 
Basin Review. 

In November 2015 the MDBA began work on an alternative methodology using satellite imagery 
to study flow inundation patterns across the lower Balonne and middle Darling regions. The 
MDBA used an existing archive of Landsat satellite imagery, where each image had been 
classified for the presence of water by Geoscience Australia. The classified satellite images 
underlie the Geoscience Australia product — Water Observations from Space (WOfS). The 
inundation from each of these images could then be related back to a gauged flow in the river on 
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the day the image was taken to get a flow inundation relationship for each ‘Flood Zone’ 
(described later). These could then be used to gain further insight into how flow behaves on a 
large scale across the floodplain and provide evidence for the confirmation or changing of the 
original SFIs for the lower Balonne. 

More information on the flow inundation patterns across the entire lower Balonne will be available 
when the CSIRO modelling is finalised towards the end of 2016 and will be used to inform future 
reviews, future environmental water delivery and loss estimates. 

Methodology 

The input datasets 
The key datasets used in the analysis were the classified Landsat satellite images, the gauged 
flow data, data describing where vegetation lies on the landscape (vegetation layers) and the 
flood zones.  

Classified Landsat images 
The Landsat series of satellites have been collecting images of the entire Earth’s surface at 
regular intervals since 1972, providing the longest continual space-based coverage of the Earth 
in existence. Each particular spot on Earth is imaged every 16 days, every time the satellite 
passes overhead at that position, providing a unique dataset with which to study the long-term 
dynamics of the Earth’s surface.  

Geoscience Australia has recently completed work on the WOfS (Water Observations from 
Space) project, which uses this Landsat archive and a water detection algorithm to classify each 
satellite image for the presence of water at a resolution of 25-30 metres. The work has been 
peer-reviewed and published in Mueller et al. (2016) and is used in this analysis. The spatial 
coverage of satellite imagery supplied by Geoscience Australia to the MDBA can be seen Figure 
6 in the Appendix. This data provides information on where in the landscape water was for the 
particular day the image was taken by the satellite. 

Gauged flow data 
The flow data used was extracted from the New South Wales and Queensland data portals. This 
data was used to relate a classified satellite image to flow in the river on a particular day, for the 
nearest reliable gauge.  

The vegetation layers 
New South Wales and Queensland vegetation mapping data for the lower Balonne was provided 
to the MDBA for use in the Northern Basin Review. The vegetation data was based on aerial 
photography with on-ground validation. A full description of how this vegetation mapping was 
carried out is presented in a separate report ‘Assessment of environmental water requirements 
for the Northern Basin review: Barwon–Darling river system upstream of Menindee Lakes’ and 
‘Assessment of environmental water requirements for the Northern Basin review: Condamine–
Balonne river system’. This data was used to check what type of vegetation was inundated in 
each of the satellite images. 
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The flood zones 
The flood zones were developed by the MDBA and represent hydrologically distinct areas. Flood 
zones were developed for the Culgoa, Narran and Birrie–Bokhara rivers, along with the middle 
Darling from Bourke to Wilcannia. Each zone is associated with a flow gauge which sits within 
the flood zone boundary. The boundaries for these zones can be seen in Appendix. These flood 
zones are needed to limit the size of the satellite image to a more appropriate scale, which 
greatly increases the accuracy of the result. 

Filtering the classified Landsat images 
Many thousands of individual satellite images were available for input into this process. However, 
not all of these images were suitable for use, as they may have been taken on a date which is 
less suitable for studying the inundation — for example if the flow is receding, or they may have 
been affected by cloud or other undesirable artefacts. In order to filter the images, a selection 
criteria was developed to check both the flow event itself and image quality, detailed below. 

Hydrograph analysis filters 
• Discard images with insignificant flow. 
• Check if the image date occurs on the rising limb of a flow event, or within a few days of 

an event peak. 
• Check if the image date is at least 3 weeks since the last event (where at least that same 

flow) occurred.  

Filtering to reject images with insignificant flow reduces the number of images available for use 
by a large degree for the northern basin, due to the ephemeral nature of those particular river 
systems. 

Image attribute analysis filters 
• > 50% of the image contains data (the majority of the tile fell within a Landsat image for 

that date) 
• < 50% of the image contains terrain shadow 
• < 50% of the image is masked due to high slope 
• < 50% of the image is masked due to cloud shadow 
• < 50% of the image is covered by cloud. 

This step accounts for cloud cover and other undesirable effects present in the image, and only 
keeps those images which pass the filters. By filtering the total image database by these two 
main sets of criteria, a smaller number of images become available for further analysis.  

Table 1 outlines how these two sets of criteria greatly reduce the numbers of available images 
that can be used to determine inundation related to river flows. An example is shown below for 
two separate flood zones developed that cover St George and Brenda. 
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Table 1: Shows the effect of each filter on the number of useable images for both the St George and Brenda 
flood zones. 

For example the St George flood zone has 1,122 Landsat images available, with 28 passing all 
selection criteria for use in this work. The vast majority are rejected as they were taken on a day 
with insignificant flow in the river. Similarly, 18 images pass all criteria for Brenda. These passed 
images are deemed suitable for analysis. 

Linking inundation to flow 
In order to analyse the inundation that results from specific flows in any given part of a 
catchment, a nearby reliable gauge with a long history of observed flow information is required. 
By clipping the satellite imagery to the extent of the flood zone, the inundation in that part of the 
landscape could be related to the flow at the gauge for that zone for the date the image was 
taken. By breaking the images up into zones, the effect of travel time (as an event travels down 
the river) is lessened and the inundation patterns seen will more closely reflect the flow rate on 
the date the image was taken, producing more accurate results. 

Once the list of suitable images are clipped to the appropriate flood zones, a suite of in-house 
developed image processing scripts prepare the resulting image packages for flood inundation 
analysis. This involves projecting the flood zone image package into a suitable geographic 
coordinate system and calculating image attributes in terms of area, both in hectares and as a 
percentage of the total area for that flood zone. The overall workflow involves steps which are 
either semi-automated or fully automated.  

This produces a collection of suitable images clipped to the flood zone of interest, each of which 
has area inundated information and the date at which the image was taken. The date is then 
married to the flow at the appropriate gauge for that day. By plotting area versus flow rate, a flow-
inundation relationship can be observed for each zone.  

An example for a zone covering part of the Narran River is shown below. It can be seen that a 
breakout of inundation occurs at flows of ~5,000 ML/d. This is interpreted as bank-full at this 
location. The plot also highlights the lack of high flow data in the observed record. High flows are 
rare on the Narran River, hence the chance of the satellite imagery including a high flow is low. 
This information can be used to show that significant breakout in that part of the landscape 
occurs at a flow rate of ~5,000 ML/d. 

Flood Zone

Total Number 
of Landsat 

Images 
Available 

(1987-2013)

Number 
with 

Significant 
Flow

Rising Limb 
& >3 weeks 

after 
previous 

event

Number 
with 

sufficient 
data

Terrain 
shadow 

ok?

High slope 
ok?

Cloud 
shadow 

ok?

<50% 
Cloud ok?

Number 
Left 

Available 
for 

Analysis

St George 1122 142 56 32 30 30 30 28 28
Brenda 1145 723 61 21 19 19 19 18 18

Hydrograph Analysis Attribute Analysis
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Figure 1: The flow inundation relationship for zone 2 of the Narran River 

Linking vegetation to inundation and flow 
The result of the previous step is that each flood zone will have a relationship between flow and 
inundation. The next step is to intersect the flow inundation with the vegetation layer, which 
produces a vegetation inundation relationship. The previous plot showed the inundated area for 
each of the flow rates that had a useable satellite image available. For those same flow rates, the 
following plot shows the respective area of Coolibah inundated. 

 

Figure 2: Example Coolibah inundation relationships for zone 2 of the Narran River 

Similar results have been produced for the following vegetation types across all flood zones for 
the lower Balonne and middle Darling: 

• Black Box 
• Coolibah 
• Floodplain Grassland 
• Lignum 
• Non-Flood Dependent Vegetation 
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• Ephemeral Wetland 
• River Red Gum 

Attenuation relationships to translate flows down the river 
The Basin Plan SFIs are specified at one particular gauge but are designed to be representative 
of the wider reach. To understand how the SFIs translate to neighbouring flood zones the 
attenuation of flow from one gauge to the next along the length of the catchment must be 
understood. 

In order to work out what a flow translates to as it propagates down the river, a comparison 
between upstream and downstream gauges is used. This is standard practise for studying flow 
behaviour across large distances in the landscape. In order for the flows at both gauges to be 
comparable, the data also needs to be adjusted for travel time.  

By plotting travel time corrected data for both gauges the best-fit relationship between the two 
gauges can be found. This relationship can then be used to determine what a flow at one gauge 
is likely to result at for the other gauge. This was carried out for all of the available gauges 
representing a flood zone in this study. These could then be used to determine the corresponding 
SFI flow for each zone, with regard to the inherent uncertainty this method produces. An example 
attenuation plot between gauges at St George and Wyenbah is shown in Figure 1 and Figure 3. 

It should be noted that not all events will attenuate in the same way due to a variety of factors 
such as antecedent conditions, temperature, flow rate, event volumes and irrigator behaviour. 
Due to these factors and the availability of gauge data, a good relationship was sometimes 
difficult to achieve. In a small number of cases filters were applied to produce the best 
relationship inherent to the data (e.g. the removal of months affected by irrigation extraction).  

 

Figure 3: Example flow attenuation result, and fit to the data for St. George to Wyenbah in the Lower Balonne 
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Summary 
This report outlines the method used to analyse classified Landsat imagery to produce flow 
inundation relationships for individual hydrologically-distinct flood zones across the Lower 
Balonne and Middle Darling. 

This work will become part of the evidence base for investigating specific flow indicators in the 
Lower Balonne and Middle Darling. The full results, including vegetation inundation plots for each 
zone, are available upon request.  

Hence by using available satellite imagery and additional data on flow rates gauged on the river, 
where vegetation sits on the landscape and how flows relate to each other between gauges it is 
possible to study whether or not the specified flow rates for breakout of flows onto the landscape, 
specified in the Basin Plan in 2012, need to be altered. This work forms one part of the evidence 
base of the Northern Basin Review, a major part of MDBA work since the Plan was released. 

The inundation work was used to confirm and describe many of the vegetation watering 
outcomes detailed in the Condamine–Balonne and Barwon–Darling Environmental Water 
Requirements reports. This work also intersected with new vegetation mapping undertaken in the 
northern basin; which allowed the MDBA to understand what percentage of certain floodplain 
vegetation communities would be inundated at particular flows and site specific flow indicators.  

As the workflow can be fully automated, and data exists for the entire Murray–Darling Basin it is 
possible to extend the flood zone scale analysis to cover the whole of the basin, and include new 
imagery as new Landsat images (which are continually being taken) are added to the archive by 
Geoscience Australia. 
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Appendix 
In all, more than 250 individual flood zones were developed that lie across the northern basin. 
The various zones that make up the Narran River (green), Culgoa River (blue) and 
Birrie/Bokhara Rivers (red), are presented in Figure 4 as an example. The zones that make up 
the middle Darling reach are also presented in Figure 5. 

 

Figure 4: Spatial location of the flood zones zoomed on the Northern Basin (red outlines),The individual zones 
which make up the Lower Balonne [Narran (green), Culgoa (blue) and Birrie-Bokhara (red)] are highlighted as 
examples. 

 

Figure 5: Spatial location of the individual flood zones for the middle Darling from Bourke to Wilcannia. 
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Figure 6: Location of currently provided WOFS tiles superimposed on the Murray–Darling Basin. 
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