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Project Summary 
 

The Limestone Coast of South Australia is a highly modified landscape with an extensive cross-catchment 
drainage system converting what was once a wetland dominated landscape into one dominated by 
agricultural production. The region now has a diverse agricultural sector and extensive forestry plantations 
ǿƘƛŎƘ ŀǊŜ ƘƛƎƘƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ǊŜƭƛŀōƭŜ ǊŀƛƴŦŀƭƭ ŀƴŘ Ŝŀǎȅ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ǊŜƎƛƻƴΩǎ ǎǳōǎǘŀƴǘƛŀƭ ƎǊƻǳƴŘǿŀǘŜǊ 
ǊŜǎƻǳǊŎŜǎΦ IƻǿŜǾŜǊΣ ŀǎ ŎƭƛƳŀǘƛŎ ŎƻƴŘƛǘƛƻƴǎ ōŜŎƻƳŜ ƘƻǘǘŜǊ ŀƴŘ ŘǊƛŜǊ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƛƳǇŀŎǘs on 
ground and surface water resources and consequent risks to primary production and the environment to 
build a water secure future. 

Achieving water security in the Limestone Coast region under a changing climate requires a more integrated 
and holistic approach to water resource management. In particular, the interactions between surface water 
and groundwater must be better understood, quantified, and managed to balance the seasonal demandsτ
removing excess water from productive lands during winter while safeguarding groundwater-dependent 
agriculture and ecosystems during summer. 

¢ƘŜ ά!ŘŀǇǘŀǘƛƻƴ ƻŦ ǘƘŜ {ƻǳǘƘ 9ŀǎǘŜǊƴ 5ǊŀƛƴŀƎŜ bŜǘǿƻǊƪ ǳƴŘŜǊ ŀ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜέ ǇǊƻƧŜŎǘ ŀƛƳǎ ǘƻ ƛƴŦƻǊƳ 
opportunities to improve water management in the region - including potential use of water in the drainage 
network - to address risks to primary industries and groundwater dependent ecosystems. Delivered through 
the Goyder Institute for Water Research, research teams from the CSIRO, Flinders University and the 
University of South Australia have completed five separate but inter-connected tasks: 

1. Quantifying the value of consumptive and non-consumptive uses of water  
This task assessed the value of additional water for key primary industries in the region, while also 
estimating the value of water for non-consumptive uses aimed at achieving ecological outcomes. 
Together, these valuations provide important context to the ǇǊƻƧŜŎǘΩǎ ƘȅŘǊƻƭƻƎƛŎŀƭ ǘŀǎƪǎΣ ƛƴŦƻǊƳƛƴƎ 
options to manage additional available water in the region. 

2. Current and future water availability 
! ǿŀǘŜǊ ōŀƭŀƴŎŜ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ǊŜƎƛƻƴ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ǘƘŜ .ǳǊŜŀǳ ƻŦ aŜǘŜƻǊƻƭƻƎȅΩǎ 
Australian Water Resources Assessment ς Landscape (AWRA-L) model. It integrates national and 
regional datasets to capture surface runoff, recharge, and soil moisture, while accounting for 
seasonal dynamics and regional variability. The model enables analysis of climate change impacts 
on the full water balance, providing insight into future water availability, supporting both short- 
and long-term water management decisions. 

3. Groundwater and wetland modelling 
Site-specific models representing three-dimensional aquifer-wetland interactions have been 
developed for two key groundwater dependent sites. The models test the feasibility of changing 
the water distribution in the local landscape to improve ecosystem health and mitigate impacts of 
groundwater extraction. Options included redirecting / holding water back in drains, altering 
surface water inflows and reducing the extent of the wetland basin with levees. The learnings from 
modelling these two disparate sites will assist decisions to manage additional available water in the 
region. 

4. Sea water intrusion risk 
The coastal area south of Mount Gambier is an area of high value irrigated agriculture and 
significant karst springs where the risk of seawater intrusion is of concern for both irrigators and 
environmental assets. This task set out to understand the extent and hydrodynamics of seawater 
intrusion in the region with an airborne electromagnetic survey of the south coast area, undertaken 
in October 2022, and construction of cross-sectional models to simulate seawater intrusion under 
different scenarios at different regional locations. This work provides the evidential basis to build 
on previous projects where reinstating wetlands by retaining water in drains appeared to effect 
some control over the seawater interface. 
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5. Groundwater, Ecology, Surface water and Wetland Assessment Tool (GESWAT) 
To enable opportunities to improve water management to be easily identified and investigated - 
including the potential use of water in the drainage network ςa dynamic GIS tool (GESWAT) was 
built.  GESWAT brings together outputs from the other project tasks integrating them in a tool with 
a range of other critical data (e.g. surface water flows, groundwater levels, and rainfall data, annual 
water use and allocation data, ecological information and other standard datasets). GESWAT 
provides the LC Landscape Board and its partner agencies a single platform with which to view, 
compare and interrogate the diversity of hydrological and ecological information available to 
inform policy and management decisions. 

This report details results from Task 2 of the project. 

Further results from this project are presented in the following reports: 

Task 1 

Cooper, C., Crase, L., Kandulu, J., and Subroy, V. (2025) Adaptation of the South-Eastern drainage system 
under a changing climate ς Quantifying the value of different water uses and future demands. Goyder 
Institute for Water Research Technical Report Series No. 25/2 
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Gibbs, M.S., Montazeri, M., Wang, B., Crosbie, R., Yang, A. (2025) Adaptation of the South-Eastern drainage 
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for Water Research Technical Report Series No. 25/3 
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Gholami, A., Werner, A.D., Maskooni, E.K., Fan, H., Jazayeri, A., and Solórzano-Rivas, C. (2025) Adaptation of 
the South-Eastern drainage system under a changing climate - Groundwater and wetland modelling. Goyder 
Institute for Water Research Technical Report Series No. 25/4 

Task 4 

Davis A, Munday TJ, and Ibrahimi T (2025) Adaptation of the South-Eastern drainage system under a changing 
climate - Limestone Coast Airborne Electromagnetic Survey: Acquisition, Processing and Modelling. Goyder 
Institute for Water Research Technical Report Series No. 25/5.1 

Davis A, Munday TJ, and Ibrahimi T (2025) Adaptation of the South-Eastern drainage system under a changing 
climate - Limestone Coast Airborne Electromagnetic Survey: Conductivity-Depth Sections. Goyder Institute for 
Water Research Technical Report Series No. 25/5.2 

Gholami, A., Werner, A.D., Solórzano-Rivas, C., Jazayeri, A., Maskooni, E.K., and Fan, H. (2025) Adaptation of 
the South-Eastern drainage system under a changing climate - Seawater intrusion risk. Goyder Institute for 
Water Research Technical Report Series No. 25/5.3 

Task 5 

Gonzalez, D., Werner, A., Jazayeri, A., Pritchard, J., Fan, H., Botting, S., Judd, R. (2025) Adaptation of the 
South-Eastern drainage system under a changing climate - Groundwater, Ecology, Surface water and Wetland 
Assessment Tool (GESWAT) Spatial Data Dictionary. Goyder Institute for Water Research Technical Report 
Series No. 25/6 
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Executive summary 
The Lower Limestone Coast region in South Australia contains a diverse and productive agricultural sector 
that supports the local economy and a number of regionally, nationally and internationally important 
wetlands. Over the past 160 years surface water drains have been constructed to remove water from the 
landscape that previously pooled against dune ranges to increase agricultural productivity and 
transportation, and more recently to manage dryland salinity. This extensive drainage led to a drastic 
reduction of wetland area which, in turn, minimised infiltration of recharge water to the unconfined aquifer. 
In the context of a future climate predicted to yield drier and warmer conditions, the historical drainage 
network may need to adapt.  

In this context, this work aims at quantifying the water balance for the Lower Limestone Coast region, both 
historically and into the future. Previous water balances for the region have reported lumped annual 
averages for the region as a whole, or focused on specific components of the water balance, such as runoff 
or recharge. This work has developed an integrated water balance model that concurrently captures actual 
evapotranspiration, runoff and recharge, including seasonal dynamics and the variability across the region. 
The water balance outputs at a high spatial and temporal resolution are intended to help identify where 
there are opportunities to better manage water from the extensive drainage network in the region to address 
risks to primary industries and groundwater dependent ecosystems in the face of a changing climate. 

The model selected for this study is the Australian Water Resources Assessment Landscape (AWRA-L) model 
that was developed to undertake water accounts and resource assessments in Australia. The model was 
designed to incorporate a broad range of observed and physical data, including climate, soil properties, 
topographic information and vegetation cover. The model configured to represent the water balance for the 
Lower Limestone Coast has a spatial resolution of 0.01° (approximately 1 km cell size), daily time step and 
represents five hydrological response units including deep and shallow rooted vegetation, irrigation areas, 
permanent water bodies, and impervious areas. 

The model was calibrated to the high-quality streamflow gauges in the region that are not influenced by 
operation of the drainage network; remotely sensed leaf area index to provide an indication of actual 
evapotranspiration; remotely sensed soil moisture; and changes in recorded groundwater levels. The locally 
calibrated model was found to produce a suitable representation of annual runoff and recharge rates and 
calibrating to more than just streamflow data was found to improve the accuracy against all outputs, 
including streamflow in some cases. 

Trends in the observed and modelled variables were analysed to set the context for projected future water 
availability. Trends of reducing rainfall and increased temperature have been observed in high quality 
datasets in the region and are in line with observations across the nation. 57 of 65 unconfined groundwater 
management zones had declining trends in recharge over time, with 31 of these statistically significant. All 
streamflow stations considered had declining trends identified, with 3 of 7 catchments producing statistically 
significant trends. This was not only driven by reduced rainfall, but the proportion of rainfall resulting in 
runoff was also observed to have reduced since the mid-1990s.  

For future projections, a 2060 time horizon and medium emissions scenario (SSP 2-4.5) was considered, 

based on a time horizon not so distant that the assumptions represented by different SSPs have a substantial 

influence on the climate changes projected, and to be near enough to be within three iterations of water 

allocation plan reviews. 21 Global climate models (GCMs) ŦǊƻƳ ǘƘŜ Lt//Ωǎ {ƛȄǘƘ !ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘ ǿŜǊŜ 

identified that provide the outputs necessary for hydrological modelling and had been assessed as providing 

a suitable representation of past climate for the climate variables of interest in Australia. All GCMs selected 

projected a reduction in mean annual rainfall; Dry, Mid and Wet scenarios were selected to represent the 

range in projections. Despite a reduction in annual rainfall, the Wet scenario resulted in similar or increased 

runoff compared to the historical climate, due to the projected increase in winter rainfall from this GCM. The 

Mid and Dry GCMs resulted in relatively large reductions in runoff compared to the reduction in rainfall, with 

ǘƘŜ ǎƭƻǇŜ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ όƻǊ ΨŜƭŀǎǘƛŎƛǘȅΩύ of 4.2; that is, for a 1% reduction in rainfall on average, a 4.2% 

reduction in runoff was modelled. For recharge, the elasticity was lower at approximately 2 but possessed a 
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large variability in this result, with a range from 5-30% change in recharge for the Mid GCM rainfall reduction 

of 7%. This variability can be explained in part by the mean annual rainfall; the wettest zones above 

approximately 750 mm/year reduced by a proportion similar to the rainfall reduction, while in areas with a 

lower mean annual rainfall the proportional reduction in recharge increased. 

Historical (1960-2021) and future water availability was represented as average water balances across 
different reporting zones. Actual evapotranspiration is by far the largest component of the water balance, 
with runoff the smallest at approximately 1 ς 7% of mean annual rainfall. Gross recharge rates (all recharge 
to the groundwater store) were larger than the runoff in all zones, but net recharge rates (after 
evapotranspiration from groundwater) can be small, and in some zones negative, resulting in a declining 
storage level in the model. 

Maps of mean annual runoff for the historical climate, represented by the 20th (dry), 50th (median) and 80th 
(wet) annual rainfall highlight the high annual variability of surface water availability in the region. Drought 
indices were used to investigate changes in the periods of low water availability, representing climatological, 
hydrological and agricultural droughts. Drought conditions were estimated to have occurred approximately 
20% of the time historically across the catchments and drought variables, with the Wet future climate 
scenario remaining consistent with historical conditions for the drought indices. Drought conditions were 
projected to double to approximately 40% of the time for the Mid scenario, and over 50% of the time for the 
Dry scenario. Typically, hydrological (runoff) and agricultural (soil moisture) drought occur more frequently 
than climatological drought (rainfall) for the Mid and Dry future climate scenarios.  In summary, trends in the 
observed data indicate water availability has been reducing in the region, and future climate projections 
indicate that this phenomenon is expected to continue. A dashboard has been developed to allow for further 
interrogation of the water balance and at specific wetlands across the region and throughout time. 

  



 

Water Availability for South East Drainage Adaptation |  Goyder Institute Technical Report Series   xiii 

Acknowledgments 
This report covers one of five tasks undertaken as part of the Adaptation of the SE drainage system to a 
changing climate project. The project has been jointly funded by the Australian Government through the 
National Water Grid Fund, the Limestone Coast Landscape Board, and the South Australian Government. The 
project was delivered by the Goyder Institute for Water Research partners: CSIRO, the University of South 
Australia, Flinders University and the University of Adelaide in collaboration with the Limestone Coast 
Landscape Board, South Eastern Water Conservation and Drainage Board (SEWCD Board) and the 
Department for Environment and Water. 

This work has relied on a significant amount of recorded data to investigate the water balance for the region, 
and a large number of people have supported the collection of these datasets. We would like to thank the 
following people for their time and effort to locate and provide these datasets and discuss their 
interpretation. Field measurements of actual evapotranspiration and soil moisture data were provided by 
Tanya Doody (CSIRO), Steve Gao (CSIRO), Edoardo Daly (WMAwater/Monash University) and Malcolm 
McCaskill (Victorian Department of Primary Industries). Insights and access to South Australian groundwater 
data was provided by Kent Inverarity (Department for Environment and Water) and surface water data by 
Peta Hansen (Department for Environment and Water). James Cameron (Department for Environment and 
Water) located the 2 m Digital Elevation Model for the region and associated hydrological processing of this 
dataset, and Cameron Wood (Department for Environment and Water) provided an early land use/land cover 
dataset. Discussions with Cameron Wood and Graham Green (Department for Environment and Water) were 
very informative to identify suitable climate projection scenarios.  

Discussions with Sue Botting and Ryan Judd from the Limestone Coast Landscape Board have been 
instrumental to guide the direction and analysis of the results presented in this report. We also thank the 
leaders from other tasks involved in this project and their teams, Bethany Cooper, Adrian Werner and Tim 
Munday, as well as the support from Fiona Adamson and the Goyder Institute for Water Research. 

This report was reviewed by Dr Julien Lerat (CSIRO), Dr Justin Hughes (CSIRO), Dr Daniel McCullough 
(Department for Environment and Water), Professor Holger Maier (The University of Adelaide), Sue Botting 
(Limestone Coast Landscape Board) and the Goyder Institute for Water Research Advisory Committee. Their 
comments and suggestions have greatly improved the rigour, clarity and interpretation of the work 
presented, and the authors are grateful for the time and insights provided.  

  

 





 

Water Availability for South East Drainage Adaptation |  Goyder Institute Technical Report Series   1 

1 Introduction 

1.1 Adaptation of the South-Eastern drainage system under a changing 
climate project 

The Limestone Coast Landscape region contains a diverse and productive agricultural sector that supports 
the local economy and a number of regionally, nationally and internationally important wetlands. These 
values are underpinned by the availability of good quality groundwater, but demand for good quality water 
is outstripping supply in some areas. The Lower Limestone Coast Water Allocation Plan (LLC WAP), which 
covers the southern part of the region, has reduced allocations for irrigators for some management areas to 
mitigate risks associated with the over-allocation of water resources and to achieve the broad environmental 
and social goals of the plan. 

Climate change and increased water demand will put further pressure on existing water sources. 
Observations suggest that the Limestone Coast has already experienced a 1-5mm/year decrease in rainfall 
since 1960 compared to a mean annual recharge rate across the LLC WAP management areas of 
106 mm/year. Declines in recharge rates in the order of 1 mm/year have been identified over the period 
1970-2012 (Crosbie et al., 2013; Fu et al., 2019), which is expected to continue under future climate scenarios. 
Under an extreme wet scenario there may be no change to recharge, but under an extreme dry scenario 
there may be a 42% reduction by 2050, with similar patterns for surface water (Crosbie et al., 2013). 

The Limestone Coast Landscape Board (LCLB) are seeking to identify whether there are opportunities to 
better manage water from the extensive drainage network in the region to address risks to primary industries 
and groundwater dependent ecosystems. The study area corresponds to the area of the Lower Limestone 
Coast and Padthaway Prescribed Wells Areas, as well as headwater catchments originating in Victoria, and 
collectively ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άregionέΦ 

1.2 Current and future water availability task 

Previous water balances for the region have reported lumped annual averages for the region as a whole (e.g. 
Harrington et al., 2015a), or focused on components of the water balance, such as runoff (Humphrey et al., 
2016; Wood and Way, 2011) or recharge (Doble et al., 2015; Harrington et al., 2015a). A water balance that 
concurrently captures all significant output components, incorporating seasonal dynamics as well as the 
variability across the region, is a current knowledge gap limiting both short- and long-term management.  

Studies on the effects of climate projections on water availability for the region are limited. Denny et al. 
(2015) considered wetland vulnerability to groundwater decline and a case study focused on the Drain L 
system, while national scale changes in recharge with climate projections have also been undertaken (Crosbie 
et al., 2013). Consequently, an analysis of the impact of contemporary climate projections for the complete 
water balance across the region is needed. 

The key management questions that will be addressed in this report are: 

ω How do components of the water balance (runoff, recharge and actual evapotranspiration) vary over 
time and across the region? 

ω At which locations, and under which conditions, is there water available in the drainage network to 
support further water uses (e.g. diversion for environmental restoration or to maintain consumptive use)? 

ω How might the water availability change with future climate projections? 
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1.3 South-Eastern drainage system 

Water availability in the southeast of SA has had a complex history. Across most of the region, there is not 
enough topographic gradient for channelised creeks to form naturally and instead wetlands formed along 
the eastern side of dune ranges, deposited by successive retreat of sea level over the past 700,000 years. 
This resulted in around 50% of the region being seasonally or permanently flooded wetland habitat. Drainage 
commenced in the 1860s to remove water for agricultural productivity and transportation, and more recently 
to manage dryland salinity. Following drainage, less than 6% of the original wetland extent remains, with 
most of the remnant wetlands in poor condition (South East Natural Resources Management Board and 
South Eastern Water Conservation and Drainage Board, 2019). Drainage has also minimised recharge to the 
unconfined aquifer in the vicinity of what was once wetland, and deeper drains were designed to increase 
groundwater discharge to manage dryland salinity. 

A map of the drainage network and key wetlands is provided in Figure 1-1. The flow monitoring network 
(reviewed in Section 2) indicates that higher volumes of water available in the drainage network is 
concentrated in the downstream section of the main drainage catchments closer to the western coast. There 
is comparatively little surface water available in the eastern and southern portion of the region where water 
demand may be higher (IGS, 2023), with the predominant water uses of irrigation and plantation forestry 
(see Brookes et al., 2017) are also represented on Figure 1-1. The drainage catchments have already been 
extensively modified to support environmental water requirements over the past few decades, including: 

¶ Blackford Drain - the South East Flow Restoration Project (toward the Taratap drain in Figure 1-1)  
constructed a drain to direct flow out of the Blackford Drain toward the Coorong, with the capability 
to also divert water to wetlands enroute (Taratap watercourse and Tilley Swamp). Also, drains in the 
north of the region have high salinity that may not be suitable for productive or environmental use, 
with the average salinity over 8500 and 12,500 EC in the Fairview Drain and the Blackford Drain, 
respectively. 

¶ Drain L - a regulator is currently being constructed at the outlet of Lake Hawdon North, designed to 
maintain water in that wetland. The receiving system of the Robe Lakes at the end of Drain L also has 
water requirements to maintain water quality and aesthetic values. Numerous studies have 
investigated the feasibility of diverting water out of the Drain L catchment (and previously also Drain 
M) toward the Blackford Drain and in turn the Coorong, most recently the Healthy Coorong Healthy 
Basin Project (Tonkin, 2020). These studies have found the water available and resulting ecological 
benefit is unlikely to justify the construction and operation and maintenance costs.  

¶ Drain M ς Drain M has significant existing environmental water requirements associated with the 
Ramsar-listed Bool and Hacks Lagoons, as well as to maintain Lake George at the end of the drain, 
which has a nominal water requirement of 20 GL/year. This volume has passed the monitoring station 
at the end of Drain M upstream of Lake George (A2390512) eight times in the last 30 years. As part 
of the Restoring Flows to Wetlands in the Upper South East (REFLOWS) project, the Western 
Floodway was constructed in 2006 to divert excess flow from Drain M into the Bakers Range 
watercourse to the north, however there have been limited opportunities to use the drain since 
construction given existing environmental water requirements and the limited volumes available. 

¶ Reedy Creek - Mount Hope Drain ς has Lake Frome as a downstream receiving water. Diverting flow 
from this drain into Drain M to support the volume commitments to Lake George has been proposed 
(South East Natural Resources Management Board and South Eastern Water Conservation and 
Drainage Board, 2019). 

To quantify the water balance components and water availability across the region, the Australian Water 
Resources Assessment Landscape (AWRA-L) model has been used. This model has been customised and 
calibrated to be applicable to the region, with a detailed review of the data used as inputs, or calibrate 
parameters based on outputs, in Section 2. The calibration approach and resulting model performance is 
presented in Section 3. The data available and model outputs are then used to quantify historical water 
availability and trends over time in Section 4, before future climate projections are selected and applied in 
Section 5.  These results provide information to inform how the water management, and management of the 
drainage network, may need to continue to adapt with a changing climate. 



 

Water Availability for South East Drainage Adaptation |  Goyder Institute Technical Report Series   3 

 

Figure 1-1 Map of the study region, including South-Eastern drainage system, wetlands and land cover as mapped 
over 2010-15 (Willoughby et al., 2018) 
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2 Data Review 
This section first provides an overview of the AWRA-L model used in this study, to provide context for the 
datasets that are required to undertake the water balance. Then data sets available for the region that may 
be used to update the national scale datasets based on local scale information are evaluated. This section 
also reviews data available to use as targets to calibrate the water balance model outputs.  

2.1 Australian Water Resources Assessment Landscape model 

Landscape models provide consistent estimates of runoff, soil water content, deep drainage and 
evapotranspiration across a large region. The Australian Water Resources Assessment Landscape (AWRA-L) 
model has been developed for this purpose by the Bureau of Meteorology and CSIRO over the last decade 
(Frost et al., 2018; Van Dijk, 2010)Φ ¢ƘŜ ƳƻŘŜƭ ǿŀǎ ŘŜǎƛƎƴŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ .ǳǊŜŀǳΩǎ ǊŜǉǳƛǊŜƳŜƴǘ ǘƻ 
undertake national water accounts and resource assessments under the Water Act (2007). AWRA-L is a 
hybrid physical/conceptual model that accepts gridded inputs of climate, soil properties, topographic 
information and vegetation cover. The structure of AWRA-L is guided by the desire to incorporate a broad 
range of observed and physical data, thereby providing more robust water balance estimates.  Outputs from 
AWRA-L include surface runoff, soil moisture, evapotranspiration, and deep drainage (recharge), which 
correspond to the water balance outputs of interest. The model has been developed for undertaking water 
resource assessment in Australia and has been adopted as the modelling system for this project.  

The conceptual structure of AWRA-L is shown in Figure 2-1 (Frost et al., 2018). Runoff in AWRA-L is generated 
via infiltration excess overland flow, interflow between soil layers, groundwater flow from the groundwater 
store to the stream, and saturated overland flow from groundwater saturated areas. These processes are 
represented across three soil layers: Top 0-10 cm, Shallow 10-100 cm, and Deep 100-600 cm soil. The layers 
used in the national scale model, along with the units; brief description about source data from which each 
of the layers are derived; and the processing techniques used to generate the layers are outlined in Appendix 
A. The model has 21 calibration parameters that are used to scale the values of the spatial inputs. 

At a national scale the model runs on a daily timestep and 0.05° grid (approximately 5 km cell size) simulating 
the landscape water balance for Australia from 1911 with results up to yesterday provided online 
(https://awo.bom.gov.au/). Vaze et al. (2018) developed a 0.01° grid model; while not practical to run at a 
national scale, the higher resolution model demonstrated improved performance for a case study in the 
Murrumbidgee catchment (Vaze et al., 2017). Vaze et al. (2016) increased the number of Hydrological 
Response Units (HRUs) from twoτrepresenting deep and shallow rooted vegetationτto five, adding 
irrigation areas, permanent water bodies, and impervious areas. 

The five HRU model with the higher resolution grid has been used in this work given the region specific (as 
opposed to national) application; existence of irrigation areas in the region (predominantly vineyards and 
centre pivot); frequent changes in spatial model inputs (e.g., land cover); and improved process 
representation provided by the 0.01° grid model.  

Topographic data is required to delineate catchments, to aggregate the cell-based output from AWRA-L to 
represent how runoff will accumulate. Identifying this direction of flow is non-trivial in the very flat and highly 
modified landscape of the region, and previous catchment delineation used in this work is summarised in 
Section 2.2. Each grid cell in AWRA-L has a hypsometric curve and mean slope specified, which has been 
updated based on the high-resolution topographic information available in the region. This is used with 
groundwater depth estimates to generate saturated overland flow within each grid cell. 

 

https://awo.bom.gov.au/
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Figure 2-1 AWRA-L conceptual structure, reproduced from Frost et al. (2018). Purple boxes are climate inputs; blue 
rounded boxes represent water stores; red boxes are calculated water flux outputs; brown rounded boxes represent 
the energy balance; and green rounded boxes: vegetation processes.  

Other AWRA-L input data can be classified as meteorological variables, vegetation variables, surface 
properties, and soil properties: 

¶ Meteorological inputs (purple boxes in Figure 2-1) include precipitation, incoming shortwave 
radiation, maximum and minimum temperature, and wind speed. Precipitation is a significant driver 
of water availability and reviewed in Section 2.3.1. 

¶ Vegetation properties include fraction of tree cover, leaf area index and vegetation height. These 
inputs are involved in the vegetation phenology component of the model, as well as specifying the 
proportions of the different hydrologic response units within each cell. Data to inform these 
components of the model are reviewed in Section 2.3.2. 

¶ Soil properties are generally related to the saturated hydraulic conductivity and water storage 
capacity and clay content of each soil layer, reviewed in Section 2.3.3. These parameters are used to 
configure the water holding capacity and drainage rates between the water stores in the model (blue 
rounded boxes in Figure 2-1). 

A number of studies have calibrated AWRA-L to multiple datasets concurrently. Azarnivand et al. (2022) used 
a multi-objective approach to calibrate the model to streamflow, remotely sensed actual evapotranspiration, 
and top layer soil moisture. In multi-objective optimisation there are trade-offs between the objective 
functions, where selecting parameter values that improve the model performance against one objective 
results in reduced model performance against another objective. Azarnivand et al. (2022) found the largest 
trade-off was between the runoff and soil moisture components, where selecting the best model for one 
component (e.g. total runoff) resulted in poorer performance for the other component (soil moisture, and 
vice-versa). Viney et al. (2015) applied a similar joint calibration to multiple components of AWRA-L and 
found a similar result that improving performance of all components of the model inevitably came at the 
expense of metrics representing streamflow accuracy. A more accurate representation of the full water 
balance may result in more valid extrapolations from the historical climate to scenarios considering climate 
projections. This concept will be explored further in this project, where there is expected to be value in an 
accurate representation of the full water balance for the region given the large component of recharge and 
groundwater use in the region. Datasets that can be compared to model states and outputs (see Figure 2-1) 
to calibrate parameter values are reviewed in Section 2.4, including: 
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¶ streamflow data, directly related to the total discharge to stream model output,  

¶ groundwater level, related to the groundwater store and changes in groundwater level related to 
deep drainage, 

¶ remotely sensed soil moisture is expected to represent the storage in the surface soil store, 

¶ remotely sensed actual evapotranspiration could be related to the actual evapotranspiration model 
output, and 

¶ remotely sensed leaf area index is a component of the vegetation leaf biomass (green rounded box 
in Figure 2-1), which then in turn influences the modelled transpiration and actual 
evapotranspiration.  

2.2 Topographic data 

2.2.1 ELEVATION DATA 

AWRA-L contains input grids to represent the average slope within a grid cell, and to quantify the hypsometric 
curve, a cumulative density function of sub-grid elevation data. The hypsometric curve is used to determine 
the proportion of the groundwater storage that is connected to the lowest drainage point in the grid cell 
(Peeters et al., 2013). These AWRA-L input grids have been updated based on the 2 m Digital Elevation Model 
(DEM) available for the region. 

The DEM of the South East (Figure 2-2) was developed from aerial LiDAR (Light Detection and Ranging) 
imagery flown by AAM Hatch as part of the National Water Initiative (NWI), which aimed to develop a flow 
strategy for the South East of South Australia. The LiDAR data was validated by a ground-based network of 
differential GPS stations. The accumulated data was processed into grid formats at 2 m with vertical accuracy 
of 0.15 m. 

2.2.2 CATCHMENT DELINEATION  

Wood and Way (2011) undertook a catchment delineation process using ArcGIS Hydro data model. A coarser 
10 m South East DEM was pre-ǇǊƻŎŜǎǎŜŘ ŦǳǊǘƘŜǊ ƛƴ ƻǊŘŜǊ ǘƻ ōŜ ǳǎŜŘ ŀǎ ƛƴǇǳǘ ǘƻ !ǊŎ IȅŘǊƻΩǎ ǘŜǊǊŀƛƴ ǇǊƻŎŜǎǎƛƴƎ 
functions. The purpose of the pre-processing was to ensure that the physical features of the landscape that 
direct water flow such as the South East drainage network, embankments and bunds were adequately 
replicated in the DEM. Pre-processing included filling voids in the DEM to prevent artificial internally draining 
ŎŀǘŎƘƳŜƴǘǎΤ ŘǊŀƛƴŀƎŜ ƭƛƴŜǎ ǿŜǊŜ ŘƛƎƛǘƛǎŜŘ ŀƴŘ άōǳǊƴǘ ƛƴέ ǘƻ ǘƘŜ 59aΤ άǿŀƭƭǎέ ǿŜǊŜ ōǳƛƭǘ ǘƻ ǊŜƛƴŦƻǊŎŜ ǘƘŜ 
ǇǊŜǎŜƴŎŜ ƻŦ ŜƳōŀƴƪƳŜƴǘǎΤ ŀƴŘ άǎƛƴƪǎέ ǿŜǊŜ ŎǊŜŀǘŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǘŜǊƳƛƴǳǎ ƻŦ ƪƴƻǿƴ ƛƴǘŜǊƴŀƭƭȅ ŘǊŀƛƴƛƴƎ 
catchment systems. 

Arc Hydro was used to derive flow direction and flow accumulation layers, which are integral to all 
subsequent analysis. Flow accumulation plays an important role in the derivation of stream networks. Figure 
2-3 shows the flow accumulation raster layer for a section of the region (Way and Wood, 2011), which in turn 
was used to derive drainage lines. Segmentation of the drainage lines was undertaken to allow the 
identification of junctions in the drainage network and ensure calculations at locations of interest (e.g., at 
gauging stations). Once drainage lines have been delineated and segmented, catchment polygons can be 
defined. The flow direction raster and segmented drainage lines are required to perform this task, with an 
example shown in Figure 2-4. 

2.2.1 MODEL DOMAIN 

The catchment delineation outlined above was used to inform the domain for the AWRA-L model. The 
boundary of the LLC PWA was used as a starting point, extended to also include the adjacent groundwater 
management zones of Pathway PWA and the South Australia-Victoria Border Agreement Zone. The domain 
was further extended to include the full contributing catchments of Mosquito Creek, Naracoorte Creek, and 
Drain C. The resulting model domain is presented in Figure 2-5. 
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Figure 2-2 2m resolution Digital Elevation model (DEM) available for the region. In the north east of the domain data 
from Wimmera Catchment Management Authority was used for catchment delineation (Wood and Water, 2011). 
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Figure 2-3 Sample flow accumulation derived from SE 10 metre DEM (Wood and Way, 2011) 

 

Figure 2-4 Derived catchments, drainage lines and flow accumulation (Wood and Way, 2011) 
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Figure 2-5 Adopted AWRA-L model domain, based on the Lower Limestone Coast Prescribed Wells Area, including 
the South Australia ς Victoria Border Agreement Zone  
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2.3 Spatial AWRA-L inputs 

2.3.1 CLIMATE 

The South East of South Australia has good spatial and temporal coverage of rainfall stations (Figure 2-6), 
with daily rainfall records available from as early as 1860. For data review and quality assurance, rainfall data 
was sourced from the SILO patched point dataset (Jeffery et al., 2001). This dataset was derived from Bureau 
of Meteorology data, with missing data infilled using interpolated values. Analysis of daily rainfall data was 
carried out for this study using the SWTools R package to assess quality and homogeneity of data (Gibbs et 
al., 2024). 
 
Table 2-1 lists 11 SILO stations selected for analysis that cover the region with long term observed data. The 
Robe and Mount Gambier Aero stations are part of the .ǳǊŜŀǳ ƻŦ aŜǘŜƻǊƻƭƻƎȅΩǎ high quality rainfall station 
network, suitable for climate change studies (see Section 4.1.2). Where a station was established post-1889 
or closed, data has been interpolated using a nearby station. Interpolated data is shown with orange colour, 
and recorded data is shown with dark green colour in Figure 2-7. 

Table 2-1 List of high-quality SILO stations within the model domain. 

Site Station 
Percent 
missing 

Mean annual rainfall  
(mm) 

Elevation 
(m AHD) 

Established Closed 

Beachport 26000 7.49 702 9 1881 - 

Millicent 26018 12.22 748 20 1877 - 

Robe 26026 1.04 636 3 1860 - 

Kingston SE 26012 6.68 575 7 1875 - 

Lucindale Post Office 26016 6.29 601 30 1879 - 

Frances 26007 2.2 517 103 1889 - 

Penola Post Office 26025 9.71 646 62 1861 - 

Lake Leake (Kooeeyong) 26014 9.63 827 105 1892 - 

Naracoorte 26023 17.81 566 58 1868 2001 

Cape Northumberland 26005 14.44 715 5 1864 2006 

Mount Gambier Aero 26021 34.84 729 63 1941 - 
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Figure 2-6 High quality rainfall stations across the region 
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Figure 2-7 Data quality codes for each rainfall station 

The monthly rainfall and aƻǊǘƻƴΩǎ ǿŜǘ ŜƴǾƛǊƻƴƳŜƴǘ ŀǊŜŀƭ potential evapotranspiration (PET) at 11 sites can 
be seen in Figure 2-8. The box plots represent the variability in monthly rainfall and solid lines the monthly 
average PET. The whole period of the SILO rainfall record (1889ς2022, inclusive) was used to produce the 
plot in Figure 2-8, and all stations exhibiting the same trend over this period. Typically, rainfall exceeds PET 
from May to August-September, with the rest of the year typically water limited with more PET than rainfall. 

The annual rainfall at each of the 11 sites is presented in Figure 2-9, including a 5-year rolling average trend. 
An overall decreasing trend of annual rainfall can be observed for 7 out of 11 sites. The biggest reduction in 
annual rainfall was observed at site 26012 (Kingstone SE) with the slope of -1.17 mm/year. A Mann-Kendall 
test has been used to test for any statistically significant monotonic trend over time, with the p value of the 
test included in Figure 2-9. Values of p<0.05 are typically accepted as statistically significant, indicating that 
following the hypothesis that there is no trend over time in the data that can be rejected at a 95% confidence 
level. Given the high variability in rainfall from year to year, most of the trends were not determined to be 
significant, but three stations across the northern part of the region including Kingston (26012), Lucindale 
(26016), and Naracoorte (26023) did have statistically significant trends, with reductions in rainfall of -0.7 to 
-1.2 mm/year based on the slope of a linear regression. Fu et al. (2019) found statistically significant negative 
correlations between time and both the amount of groundwater recharge as well as the percentage of annual 
rainfall that resulted in recharge, implying that both recharge and its percentage of rainfall had a decreasing 
trend over the period considered in that study (1970-2012).  

For the purposes for inputs to AWRA-L, the 0.01° resolution Australian National University (ANU) Climate 
(GH70) v2 product has be used (https://dx.doi.org/10.25914/60a10aa56dd1b). This product is based on the 
rainfall station data presented in this section but has a resolution that matches the 0.01° AWRA-L model, 
compared to other coarser products available, such as SILO (Jeffrey et al., 2001) or AWAP (Jones et al., 2009). 

 

https://dx.doi.org/10.25914/60a10aa56dd1b
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Figure 2-8 Monthly rainfall at each station as boxplots and the mean monthly potential evapotranspiration as a line 
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Figure 2-9 Annual rainfall (green) and 5 year rolling average (blue line) rainfall at each station 
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Figure 2-10 Comparison of annual rainfall at each station with the average of annual rainfall from other stations 

2.3.2 HYDROLOGICAL RESPONSE UNITS 

AWRA-L originally had two hydrological response units (HRUs), to represent the different streamflow 

responses of shallow and deep-rooted vegetation within each grid cell. The main difference between these 

two HRUs is that the shallow rooted vegetation has access to subsurface soil moisture in the two upper soil 

stores only (top 1m of soil in the current implementation), while the deep-rooted vegetation could also 

transpire moisture in the deep store (top 6m of soil). Vaze et al. (2016) extended the model to include three 

additional HRUs including impervious areas, irrigated agricultural areas, and large water bodies. 

Hydrologically, these five HRUs differ in their aerodynamic control of evaporation; in their interception 

capacities; and in their degree of access to different soil layers. The methods used to model the irrigated 

hydrological response unit are very similar to the shallow rooted hydrological response unit, however there 

is an additional provision in this HRU to apply irrigation water. 



 

16   Goyder Institute Technical Report Series | Water Availability for South East Drainage Adaptation 

The proportion that is occupied by each of the 5 HRUs within an AWRA-L grid cell is set to a value obtained 
from a configuration layer. In reality, these proportions are not fixed as land use changes over time. Changes 
in land use have not been represented in AWRA-L previously, and this functionality has been developed as 
part of this project.  

The South Australian Land Cover Layers (Willoughby et al., 2018) represent land cover in five-year epochs 
over the Landsat record from 1987 to 2020. These layers provide a consistent-through-time, whole-of-state, 
spatial land cover data set and include classifications related to each of the AWRA-L HRUs. Digital Earth 
Australia (DEA) have a similar land cover product based on Landsat imagery (Lucas et al., 2019). This data 
product is available at an annual time step, however, does not include an irrigated agriculture classification. 
Inspection of the annual layers also revealed the land cover classification in the DEA dataset had large, 
unrealistic changes in land cover from year to year, likely due to vegetation response to rainfall, resulting in 
different land cover classification. Hence, the SA land cover layers have been preferred as the land cover data 
source where available (i.e., in SA), and the DEA product is used in Victoria. For the DEA product, the median 
land cover for each 25m pixel in each 5-year period, corresponding to the SA land cover product, was taken 
to provide a consistent time step in the land cover layers and to remove some of the year-to-year variability. 
For the irrigated areas in the Victorian portion of the region, the national scale AWRA-L model was used and 
hence was assumed to not change over time. The mapping from each land cover classification to the 
proportion of HRU, based on 25 m land cover pixels to each 1km AWRA-L grid cell, is outlined in Table 2-2. 
For estimates of land use that predate the Landsat era, Harrington et al. (2015b) interpreted aerial 
photographs and irrigation bore drilling records to create a 1969 land use map. A 1983 land use map was 
also created, based on the 1969 map and modifying areas affected by bushfires in 1983. The 1983 map has 
not been used for the purpose of AWRA-L HRUs, given it is near the start of the Landsat satellite record (1987) 
and the satellite-based product is preferred to provide a consistent approach over the majority of the 
calibration period. The resulting HRU proportions over time are presented in Figures 13-16, where there are 
changes in the proportion of deep-rooted vegetation and irrigated areas in some pixels over the 1990-2020 
period. 
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Table 2-2 Mapping from land cover product to proportion of AWRA-L hydrological response units 

AWRA-L HRU South Australian Land Cover Digital Earth Australia 
Land Cover 

1969 Land use 

Water water unspecified water_seasonality = semi-
permanent or permanent 

water 

Impervious urban area, built-up area level 3 = artificial surface 
or natural bare surface1 

intensive uses (mainly urban), rural residential, mining and waste 

Irrigated 
agriculture 

irrigated non-woody, orchards or vineyards none (existing AWRA-L) irrigated cropping, irrigated pastures, irrigated horticulture, interpreted 
irrigation, crop or irrigation 

Deep rooted 
vegetation 

woody native vegetation, mangrove vegetation, 
plantation (softwood), plantation (hardwood) 

Lifeform = woody 
vegetation 

nature conservation, hardwood plantation, dryland horticulture, softwood 
plantation, native vegetation, scattered native vegetation, young forestry 
(seedling), production forestry, interpreted dryland vineyard, young 
forestry (almost closed canopy) 

Shallow rooted 
vegetation 

non-woody native vegetation, saltmarsh vegetation, 
wetland vegetation, natural low cover, salt lake or 
saltpan, dryland agriculture, exotic vegetation, 
disturbed ground or outcrop 

remaining proportion not 
classified as other HRUs 

other minimal use, grazing modified pastures, dryland cropping, cleared or 
modified pasture, interpreted crop, land in transition, intensive animal and 
plant production, grazing native vegetation, recently cleared, cleared for 
forestry, other protected areas 

1 On inspection of pixels within Mount Gambier and Millicent, the άƴŀǘǳǊŀƭ ōŀǊŜ ǎǳǊŦŀŎŜέ classification corresponded to areas expected to be impervious 
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Figure 2-11 Proportion of deep-rooted vegetation in each 1km grid cell over time, with boundary of the Lower 
Limestone Coast Prescribed Wells area for reference 
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Figure 2-12 Proportion of irrigated area in each 1km grid cell over time, with boundary of the Lower Limestone Coast 
Prescribed Wells area for reference 
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Figure 2-13 Proportion of water in each 1km grid cell over time, with boundary of the Lower Limestone Coast 
Prescribed Wells area for reference 
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Figure 2-14 Proportion of impervious areas in each 1km grid cell over time, with boundary of the Lower Limestone 
Coast Prescribed Wells area for reference 
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2.3.3 SOIL PROPERTIES 

AWRA-L requires input grids for saturated hydraulic conductivity and available water holding capacity in each 
of the three soil layers considered (0-10 cm, 10-100 cm and 100-600 cm), as well as the soil effective porosity 
and the hydraulic conductivity of the unconfined aquifer. The approach used in the existing AWRA-L inputs 
(Vaze et al., 2018) derived the soil parameters from clay content data available in the Australian Soil 
Resources Information System (ASRIS) database and pedotransfer functions (PTFs) to derive the parameter 
of interest (Dane and Puckett, 1994; Minasny et al., 1999). This approach was adopted to provide 
continuously varying soil properties in space and depth, as opposed to the approach of classifying regions of 
similar soil types, which results in the unrealistic case of homogeneous properties within a soil type and sharp 
discontinuities across soil type boundaries.  

The national AWRA-L inputs for soil effective porosity and the hydraulic conductivity of unconfined aquifer 
are based on surface geology mapping and a lookup table from lithologies.  While Morgan et al. (2015) noted 
that there is a surprisingly small amount of measured hydraulic parameter data available for the South East 
of South Australia, there have been several studies that have estimated these hydraulic properties that may 
provide more accurate regional scale estimates. 

The 2015 South East Regional Water Balance Project (Harrington et al., 2015a) undertook modelling of the 
unsaturated zone to derive estimates of recharge, using models have similar data requirements compared 
to AWRA-L. The LEACHM modelling (Morgan et al., 2015) considered five soil textural classes based on 
existing mapping, in combination with different land use and climate variables.  The WAVES modelling (Doble 
et al., 2015) used seven soil types based upon a classification of the clay content, with parameters adopted 
representative of the clay content (Carsel and Parrish, 1988). Similar to the LEACHM modelling, the different 
soil parameters were combined with different land use and climate variables. Both models considered the 
influence of depth to the water table on the recharge estimates. 

Doble et al. (2017) used the WAVES recharge modelling as an input to MODFLOW groundwater model to 
undertake regional scale modelling of diffuse recharge, and as part of that modelling the hydraulic properties 
required for AWRA-L were compiled. The soil effective porosity and the hydraulic conductivity in AWRA-L 
have been updated based on the local scale work of Doble et al. (2017). The calibration process will scale the 
range of values across each grid to determine the final absolute values, and as such the magnitude of the 
values in each grid cell of each layer are of lesser concern than an accurate representation of the spatial 
patterns. 

2.4 Calibration data 

2.4.1 STREAMFLOW 

An accurate representation of observed streamflow is a key objective of a rainfall-runoff model, and 
necessary to quantify water availability. Historic streamflow data is available for 48 gauging stations located 
in the study area (listed in Appendix B), however data from these sites are of varying quality and length. 
Available daily streamflow data was processed for all 48 gauging stations to assess and compare the quality 
of data and to help with identification of suitable sites for the purposes of model calibration.  

Figure 2-15 shows the location of streamflow gauging stations using two classifications. The length of the 
recorded data at each station is represented by the size of the triangle symbols, while the proportion of the 
volume of recorded data that is less than the maximum gauged flow at each site is differentiated by symbol 
colour. A higher proportion indicates greater confidence in data quality as it means the majority of available 
data has been calculated based on the rating curves that have been developed using measurements of 
streamflow (gaugings), as opposed to theoretical or extrapolated relationships. 

Since the AWRA-L model does not explicitly represent drain regulation, data from all stations that are 
affected by regulation need to be removed. These include many gauges in the Upper South East, as well as 
along Drain M downstream of Bool Lagoon. Other anthropogenic influences, such as discharge from Millicent 
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Wastewater Treatment Plant into the drain contributing to Drain 44 (A2390532) (SA Water, 2012), were also 
identified to remove measured streamflow stations that were influenced by human intervention, rather than 
the natural rainfall-runoff response. Station A2390523 was not used in calibration due to the difficulty in 
delineating the contributing catchment area. Due to the very flat terrain, the catchment area delineated 
using the approach of Wood and Way (2011) resulting in a catchment boundary that was implausibly large 
given the discharge recorded (see Section 3.4.1). Considering the two classifications presented in Figure 2-15 
and these additional requirements for unregulated catchments with accurate catchment boundaries, seven 
stations (Table 2-3) were identified as high-quality unregulated stations suitable for model calibration, with 
the contributing catchment areas given in Figure 2-16. 

Table 2-3 List of selected gauging stations for calibration purposes 

Station 
number 

Station name Start End 
Catchment 

area  
(km2) 

Max. 
gauged 

flow 
(m3/s) 

Proportion 
of volume 
below max 

gauging 
(%) 

A2390510 Drain L @ U/S Princes Highway 1971 2014 463 6.7 94.4 

A2390513 
Reedy Creek - Mt. Hope Drain @ 7.2km NE 
South End 

1971 2022 538 26.2 98.9 

A2390515 
Bakers Range South Drain @ Robe-Penola 
Road 

1971 2022 493 21.7 99.6 

A2390519 Mosquito Creek @ Struan 1971 2022 1002 53.4 99.1 

A2390527 Wilmot Drain @ 9.2km From Drain L 1973 2014 271 8.1 96.7 

A2390531 
Morambro Ck @ Bordertown-Naracoorte 
Road Bridge 

1976 2022 567 8.6 95.0 

A2390542 Naracoorte Creek @ Naracoorte 1985 2017 910 9.2 96.4 
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Figure 2-15 Available streamflow gauging stations, with data length and indication of rating curve quality, as the 
proportion of the recorded streamflow volume blow the maximum gauged flow 
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Figure 2-16 Catchment areas of streamflow gauging stations selected for calibration 
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Flow duration curves show the percentage of time for which a specified flow is equalled or exceeded over 
the period of the flow record. Flow duration curves are shown in Figure 2-17 to provide some information of 
the flow characteristics of the region, including data from each decade separately to indicate variability over 
time. For each of the streamflow gauges, the high-flow end of the flow duration curve is very steep, 
representing the component of runoff in these catchments that is highly responsive to rainfall, with the 
longer low-flow end of the flow duration curve indicative of the groundwater contribution to streamflow. 
Some of the flow duration curves in Figure 2-17 show a period of no-flow conditions, with the proportion of 
time with no-flow increasing in more recent decades. 

 

Figure 2-17 Flow duration curves for the high quality, unregulated, streamflow gauges 
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2.4.2 GROUNDWATER LEVEL 

As the largest source of water for consumptive use in the region is groundwater, it is important to have a 
realistic representation of recharge and/or groundwater level in the water balance model. AWRA-L does not 
have a direct output of groundwater level that can be calibrated to observations. The model does have 
infiltration and drainage rates between the soil stores that could be calibrated to calculated recharge rates. 
However, it is difficult to determine a suitable recharge rate to use as a calibration target; for example, 
deciding if a gross recharge rate (e.g., from the water table fluctuation (WTF) method) or net recharge rate 
(e.g., chloride mass balance after extraction and evapotranspiration) is more appropriate, with up to an order 
of magnitude difference possible between these two estimates. Other issues with using recharge rates as 
calibration targets include the requirement to assume uncertain parameters, for example the specific yield 
in the case of the WTF method. Instead, it is proposed to correlate changes in the level of the storages in 
AWRA-L with changes in the observed groundwater level, to improve the modelΩs representation of trends 
in the long-term stores. An objective function based on a correlation coefficient avoids the need to have 
values in the same units. Testing during the calibration process considered calibrating to different soil stores 
with different objective functions. 

Water level data for the observation wells within the model domain were obtained from Bureau of 
Meteorology Groundwater Explorer (http://www.bom.gov.au/water/groundwater/explorer/map.shtml). 
Suitable wells were filtered to include those with sufficient data, defined as more than 20 years of records 
with more than 100 readings (Figure 2-18). For the purposes of model calibration, the groundwater levels 
were interpolated to a monthly time series using HydroSight (Peterson and Fulton, 2019), and spatially 
weighted (using Thiessen polygons) to calculate a catchment average water level time series.  

http://www.bom.gov.au/water/groundwater/explorer/map.shtml
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Figure 2-18 Groundwater observation wells with sufficient data for model calibration 
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2.4.3 SOIL MOISTURE 

Soil moisture (SM) is widely recognized as a key parameter in land-atmosphere interactions (Ma et al., 2019; 

McColl et al., 2017). The intended purpose of the SM dataset is to provide a calibration target for the upper 

SM store in AWRA-L, representing the top 10 cm of soil. The water in this storage may not be in the same 

units as the SM data, and as such metrics like a correlation may need to be adopted to calibrate the model 

to patterns of high and low SM without necessarily producing the same values. 

Ma et al. (2019) compared the accuracy of several remotely sensed SM datasets to 572 in situ measurements 

worldwide, including 46 sites in Australia across two sensor networks. The products assessed were the Soil 

Moisture Active/Passive mission (SMAP), two Soil Moisture and Ocean Salinity products, the Land Parameter 

Retrieval Model Advanced Microwave Scanning Radiometer 2 (LPRM AMSR2) product and the European 

Space Agency Climate Change Initiative (ESA CCI) product, which merges multiple single-sensor active and 

passive microwave SM products (Dorigo et al., 2017). The study found SMAP outperformed the other 

products in terms of representing temporal patterns according to the correlation value, with ESA CCI also 

producing very similar values for the two Australian networks. ESA CCI had the lowest Root Mean Square 

Error (RMSE) in the SM values, across the full comparison as well as for the two Australian networks. The ESA 

CCI data product was used by Humphrey et al. (2016) as an input for streamflow forecasting in the Drain M 

system. 

The ESA CCI and SMAP data were compared to field soil moisture data to test the suitability of the remotely 

sensed data products in the region. Two SM sensors in Western Victoria were identified; the first site was 

the Cosmic-Ray Neutron Soil Moisture sensor at Hamilton maintained by the CosmOz network (Hawdon et 

al., 2014), and the second was at the Gatum Pasture flux station established by the Department of 

Environment, Land, Water in collaboration with Monash University and La Trobe University. The units for 

each dataset were different: SM content (%) at Hamilton over a variable depth using the Cosmic-Ray sensor; 

surface SM (mm) using SMAP; and the volume of water per unit volume of soil (m3 water/m3 soil) in the top 

5 cm of soil at Gatum and from ESA CCI. To enable comparison across data sources, each dataset was 

normalised to have a mean value of zero and standard deviation of one. This is considered appropriate as a 

similar pattern matching will be used in the calibration of the AWRA-L model as the units will be different 

again (depth of water in a conceptual storage). An earlier SM dataset collected in forestry sites across the 

Green Triangle, as outlined in Benyon and Doody (2004), was also sourced for comparison. This data covers 

the period 2000-2008 and hence predate the SMAP satellite, with only a comparison to ESA CCI possible. The 

locations for each site can be seen in Figure 2-19. 

The results indicate that the remotely sensed datasets provide a useful representation of SM when compared 

to field data for the sensors at Gatum and Hamilton (Figure 2-20 and Figure 2-21). From Figure 2-21 the SMAP 

dataset produced slightly higher R2 values at Gatum compared to ESA CCI, possibly due to the higher spatial 

resolution (9 km compared to 25 km). However, the differences are relatively small, with similar low bias 

(lines of best fit are similar and along the 1:1 line) and variance (spread of points around this line is similar). 

The comparison between ESA CCI and the forestry field data sites is provided in Figure 2-22, with the field 

data available for different periods depending on the location. Again, the remotely sensed data product 

provides a good representation of the field data, particularly when short term variations are smoothed using 

a 14-day rolling average.  

The SMAP dataset has a number of advantages, including a slightly higher correlation to field data in the 

study region and globally (Ma et al., 2019), comparatively higher spatial resolution, and near real time data 

is available. However, the major disadvantage of this dataset is the satellite was launched in 2016 and hence 

the data record for model calibration is relatively short. In comparison, the ESA CCI dataset draws on data 

sources commencing in 1978, including 5 active and 12 passive microwave sensors. Given this longer data 
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record and acceptable performance when compared to field soil moisture measurements in the study area, 

the ESA CCI data set has been used for model calibration and testing. 

 

Figure 2-19 Locations of soil moisture and actual evapotranspiration field data 
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Figure 2-20 time series of soil moisture for in-situ sensors (field) and two remote sensing products 

 

Figure 2-21 Scatter plot comparing field observed and remotely sensed soil moisture values 
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Figure 2-22 Time series of normalised soil moisture estimates from field sites (Benyon and Doody, 2004) and the 
remotely sensed European Space Agency (ESA) Climate Change Initiative product 

 




















































































































































































