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The Gwydir and Warrego (Western Floodplain) River watercourses consist of a mosaic of small, incompetent 

channels, broader flow pathways and shallow wetland depressions.  Both systems have similarities: they are 

near-terminal with only larger flood event flowing through them; they are very flat (slopes > 1:1000), small 

elevation changes (0.1 m) can mean a substantial change in inundation; land management activities can impact 

flow paths substantially; vegetation communities are largely intact. For the Commonwealth Environmental 

Water Office Long Term Intervention Monitoring (LTIM) projects, some indicators require calculation of 

inundation areas and volumes.  In these low, flat systems traditional approaches to inundation modelling are not 

successful.  We have developed an approach that incorporates data from multiple sources to create and verify 

inundation models for both of these systems.  In the Gwydir, dense vegetation, standing water and super flat 

landscape has limited the value of Lidar data for Digital Elevation Model (DEM) creation and inundation 

modelling.  Dense reed mats present during Lidar capture mean that these areas appear to stand above the 

surrounding landscape and hence shed rather than collect water.  In this system, an approach linking existing 

vegetation mapping to watercourse area and depth along with inundation information from satellite imagery was 

used to develop an inundation model.  On the Western Floodplain of the Warrego, less dense vegetation has 

meant that Lidar was of value for inundation mapping, verified by water level loggers and satellite imagery. This 

paper documents our struggles to produce the best possible inundation maps for these systems.  We show you 

what worked and what didn’t. 

 

 

INTRODUCTION  

One of the basic requirements for effective environmental water management is an understanding of the 

distribution of water throughout the system being managed. In systems with well-defined channels and wetlands, 

which are often monitored by networks of automated flow and water level gauges, gaining this understanding is 

relatively simple. In other systems, like many in the northern Murray Darling basin, where poorly defined flow 

paths flow across low gradient landscapes [1], building relationships between flow and inundation is more 

challenging.  

This paper reports on efforts to calculate inundation extent and volumes in the Gwydir and Warrego River 

watercourse systems in Northern NSW during 2014-2015. This was undertaken as part of the (LTIM) project 

aimed at assessing the ecological response to Commonwealth environmental water in these systems. 

 



STUDY AREA AND METHODS 

 

The Gwydir River in northern NSW drains the western side of the Great Dividing Range and terminates in the 

west at its confluence with the Barwon River (Figure 1a). In its downstream reaches, the Gwydir bifurcates into 

a series of channels, several of which feed the Lower Gwydir and Gingham wetlands. These near terminal 

wetlands support a variety of wetland, semi-permanent and floodplain vegetation communities, which form 

important habitat for a number of endangered and threatened species [2]. Inflows to the wetlands during 2014-

2015 (the period of study) were predominantly the result of environmental water deliveries, which inundated the 

largest area of wetlands since large floods occurred in 2012. 

Further west, the Warrego River drains an arid catchment in Southern Queensland flowing south to its 

confluence with the Darling River in NSW. Within Toorale National Park, the river displays a large floodplain 

system – the ‘Western Floodplain’, down which water flows during periods of increased river level (figure 1b). 

The Western Floodplain supports vast areas of lignum, coolibah, river cooba and black box vegetation 

communities. Inflows to the Western Floodplain during 2014-15 were relatively minor, with inundation 

restricted to the northern sections of the floodplain. 

A number of data sources were used to estimate the extent and volume of inundation within the 

Gwydir/Gingham wetlands and Warrego Western Floodplain. Lidar imagery was obtained for both sites, from 

which 5m Digital Elevation Models (DEM’s) were created. Landsat 8 scenes captured on multiple occasions 

throughout the year were analysed to detect the presence of water in the landscape [3]. Water level loggers were 

installed at various locations within both the Gwydir/Gingham wetlands and the Warrego Western Floodplain. 

Field based observations of water depth and inundation extent were also used to inform the analysis. 

 

 
 

Figure1. Location of the Gwydir/Gingham wetlands and the Warrego Western Floodplain 

 

RESULTS AND DISCUSSION 

 

Gwydir/Gingham wetlands 

The eastern extent of the Gwydir wetlands (Old Dromana) was chosen to test the DEM based modelling 

approach for estimating inundation volumes and extents in the Gwydir. A significant regional east to west relief 

gradient was removed by applying a tilt layer, to produce an adjusted DEM representing a ‘closed’ system that 

could be virtually flooded to estimate inundation. While local scale features were then more evident, several 

cross sections obtained from the adjusted DEM running North-South appeared to suggest that the surrounding 

areas of the wetlands were lower in elevation that the central wetlands areas. These results are in contrast to field 

observations and the distribution of vegetation communities in this area. Accordingly Lidar-based inundation 

assessment was not considered suitable for this site.  

Inundation mapping using the Landsat imagery showed that the total extent of inundation varied throughout 

the season in both the Gingham and Lower Gwydir wetlands. In the Lower Gwydir there was an increase from 

20 ha of inundated area in July 2014 to 1,779 ha in October 2014 within inundation peaking at 2,433 ha in 

February 2015 (Figure 2a). Water levels then receded to 444 ha in April 2015. In the Gingham the extent of 
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inundation was around 96 ha in July 2014, and initially increased more slowly than the Lower Gwydir reaching 

an area of 179 ha in October 2014. Inundation extent reached a maximum of 3,908 ha in February 2015 (Figure 

2b), before falling to 1,398 ha in April 2015. 

Due to the unsuitability of the DEM data, volumes of inundation were calculated by estimating the average depth 

of various vegetation communities throughout the wetlands. This was done through field observations of water 

depth at vegetation monitoring plots, along with data from several water level loggers placed within the 

wetlands. Patterns in volume followed inundation extent, with the maximum recorded volume being 4,829 ML 

in the Lower Gwydir wetlands and 8,977 ML in the Gingham watercourse during February 2015. Notably, total 

wetland inundation and volume appeared to reduce to a greater extent in the Lower Gwydir (444 ha, 879 ML) 

compared to the Gingham Watercourse (1,398 ha, 3,505 ML) towards the end of the water year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Maximum inundation extents in the a) Gwydir wetlands and b) Gingham wetlands. 

 

 

Warrego Western Floodplain 

The DEM was the primary source of information used to model the relationship between inflows, and the extent 

and volume of inundation on the Western Floodplain. As with the Gwydir/Gingham wetlands analysis, the 

regional north-south gradient was removed by applying a tilt layer to produce an adjusted DEM. The DEM was 

‘flooded’ by applying a virtual water level to the adjusted DEM and an extent and volume of water on the 

floodplain calculated.  The ‘flood’ was constrained to where the predicted inundated areas were connected to the 

upstream Boera dam overflow point. A constraint layer was developed for each water level modelled.  

Development of the constraint layers required some manual interpretation to account for obstructions (e.g. 

vegetation impacting the DEM). Downstream areas were considered connected if they were less than 20 m from 

a connected upstream segment. Volume and extent of inundation was calculated for gauge heights between the 

estimated overflow height of the floodplain and the maximum height recorded at the Boera Dam gauging station 

during 2014–15, in 0.05 m height increments (Figure 3). The maximum inundation extent was verified by 

comparing to an inundation extent derived from Landsat imagery.  
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Figure 3. Water level in Boera Dam during Feb–April 2015. Horizontal lines indicate levels at which floodplain inundation 

volume and extent were measured. 

 

Inundation extent ranged from 0.5–36.9 ha when Boera Dam was above the estimated overflow level of the 

Western Floodplain (Figure 4). At lower gauge heights, inundation was restricted to a single flood channel at the 

northern section of the floodplain, until Boera Dam levels increased to 2.36 m. At this point, inundation 

increased at a greater rate with increasing water level in Boera Dam (Figure 4) with water spreading down the 

floodplain through flood channels, inundating a waterhole on the eastern side of the floodplain, and then fanned 

out through numerous smaller flood channels to the south. Volume estimates suggest that a maximum of 71.8 

ML of water was stored in the floodplain during the peak of the flooding event. 

 

 
Figure 4. Relationship between inundated volume and area on the Western Floodplain with increases in water level in 

Boera Dam observed during February–March 2015. 

 

CONCLUSION 

 

This paper highlights the value of employing multiple sources of information when attempting to determine 

inundation extent and volume within flat landscapes. In the Gwydir river system, dense vegetation growing 

within the interior of the wetlands appeared to significantly affect the accuracy of the Lidar data and resultant 

DEM. Similar inaccuracies have also been observed in other studies [4]. In this system inundation extents gained 

from Landsat imagery analysis were combined with water level recorders and field observations to quantify 

inundation. On the Warrego Western Floodplain, where vegetation density was less, the lidar derived DEM was 

more accurate in determining inundation patterns and was the primary source of information used. How the 

accuracy of this data holds with larger inundation events will be tested during the remaining four years of the 

project. 
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