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Executive Summary 
The South Australian Department of Environment and Water (DEW) is developing a water security strategy 

for the Barossa and Eden Valleys. To support the development of the strategy, this report describes the 

ƻǳǘŎƻƳŜǎ ƻŦ ŀ ŎƭƛƳŀǘŜ ΨǎǘǊŜǎǎ ǘŜǎǘΩ ƻŦ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ōƻǘƘ ƴƻǿ ŀƴŘ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ол ȅŜŀǊǎ ǘƻ 

the year 2050, with consideration of: 

¶ Current and projected future availability of native water resources (surface water and 

groundwater) under current and changing climate conditions; 

¶ Current and projected future demand for water, with a particular focus on irrigation demands 

from the viticultural industry; and 

¶ Implications of a set of possible adaptation pathways identified as part of the Barossa and Eden 

Valley water security strategy. 

Building on significant prior investigations into surface water, groundwater and imported water resources in 

the region, as well as understanding of demand patterns (including but not limited to vineyard irrigation), an 

integrated systems modelling framework has been developed to support this research. The modelling 

framework enables exploration of system dynamics and interactions under current and future climates, and 

allows the investigation of both current system performance and the performance of alternative adaptive 

ǇŀǘƘǿŀȅǎΦ ²ƘŜǊŜ ǇƻǎǎƛōƭŜΣ ŀ ΨƳǳƭǘƛǇƭŜ ƭƛƴŜǎ ƻŦ ŜǾƛŘŜƴŎŜΩ ŀǇǇǊoach was adopted, including but not limited to 

representation of climate futures and irrigation demands, to enable stress testing both of the Barossa and 

Eden Valley systems themselves, as well as our collective understanding of those systems.  

The findings of the research are as follows.  

¶ Relative to a climatological baseline of 1976-2005, three climate modelling lines of evidence (Climate 

Change in Australia, Climate Ready-SA and NARCliM) mostly indicate a drier and hotter future 

climate, but with a very large range of plausible future projections including a minority of projections 

indicating increases in precipitation. The annual average precipitation over the most recent decade 

(2011-2020) was 10% lower and potential evapotranspiration was 4% higher than the climatological 

baseline, and these conditions are broadly consistent with median projections for climate change in 

2050. ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ΨƭƛǾŜŘ ŜȄǇŜǊƛŜƴŎŜΩ ƻǾŜǊ ǘƘŜ ǊŜŎŜƴǘ ŘŜŎŀŘŜ ǇǊƻǾƛŘŜǎ ŀ ƎƻƻŘ ƛƴŘƛŎŀǘƻǊ ƻŦ 

ΨǘȅǇƛŎŀƭΩ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ŎƻƴŘƛǘƛƻƴs, whilst recognising the high levels of variability and that future 

decades may be substantially wetter or drier than the recent decade. 

¶ Native surface water resources represent a small and diminishing resource from an irrigation supply 

perspective over the last decade, and this has been offset partially by increasing utilisation of 

groundwater resources. The sensitivity of recharge to climatic changes, and the importance of 

preserving groundwater levels from both ecological and water security perspectives, suggests that 

recent groundwater extractions may not be sustainable if continued over the longer term. This is 

likely to be the case particularly for the more severe climate change projections, but may also apply 

for more moderate projections. Combined with the surface water findings, these results imply that 

imported waterτwhich is already a dominant source of water for the Barossa Valleyτwill continue 

to play a critical role in supporting water security for most future climate scenarios, particularly if 

accompanied by an objective of preservation or improvement of aquatic ecosystem health. 

¶ There is evidence that water supplies in the recent decade did not meet irrigation water demand for 

both the Barossa and Eden Valley delineations. The magnitude of future water demands over multi-

decadal time horizons is highly uncertain, and will depend on factors such as (1) system performance 

requirements (including but not limited to desired system reliability); (2) future irrigation 

requirements (including irrigation strategies on established vineyards as well as possible expansion 

of vineyard area); (3) other water requirements (e.g. town water and/or industrial needs); (4) 
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objectives related to environmental flow restoration; and (5) assumptions regarding future climate. 

For most combinations of these factors, it is clear that likely demands for water exceed current 

supplies for most future climate scenarios; however scale of any augmented water requirements 

depends significantly on a range of modelling assumptions. 

¶ Four potential adaptation pathways have been identified, each with different assumptions regarding 

imported water sources, farm dam strategy, groundwater extractions and the use of balancing 

storages, amongst other changes. Overall, water reliability improves with increases in imported 

water, with all adaptive pathways achieving greater than 90% reliability for mid-range climate 

projections. As expected, the magnitude of the imported water volumes dominate the reliability 

estimates (in the sense that more imported water leads to enhanced reliability), but the presence of 

balancing stores may also make an important contribution. Several pathways converting farm dams 

to balancing stores, and this strategy was shown to produce some benefits in terms of key 

environmental flow metrics.  

¶ The relatively low utilisation of native water sources (both surface water and groundwater) in the 

recent decade and under most climate change scenarios suggests a potential opportunity for 

reducing reliance on these sources and achieving stream restoration benefits in the event that 

additional imported water becomes available. However, the scale of climate change impacts on 

environmental flows suggest that, in order to achieve stream restoration objectives under a range of 

climate change projections, the farm dam strategy would need to be accompanied by other 

strategies (e.g. linked to groundwater system management and/or more active environmental flow 

management) that collectively are able to restore flows to the stream.   

Finally, it is noted that the study was designed to provide an integrative system-wide perspective to inform 

strategic planning and policy development. The results presented herein should not be used for detailed 

sizing of imported water sources and/or balancing stores. Moreover, whereas the pathway results suggest 

that maximum water security benefits are achieved for the largest imported water capacities, net benefits 

have not been considered with respect to financial costs and other factors, and the largest capacities may 

not deliver the greatest net benefits to the community when these additional factors are taken into account. 

Similarly from an environmental point of view, key areas of uncertainty include representation of surface 

water / groundwater interaction (including the spatial heterogeneity of these interactions), and the role of 

on-farm sustainability practices. Further investigation may be warranted to develop an integrated 

environmental flow restoration initiative. It is therefore hoped that rather than represent the conclusion of 

a process, this report represents a step along the way of an on-going journey of improved system 

understanding and adaptive management.  
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1 Introduction and Background 
1.1 Study Objectives and Report Outline 

The South Australian Department of Environment and Water (DEW) is developing a water security strategy 

for the Barossa and Eden Valleys. As a part of the development of this strategy, the University of Adelaide 

has been asked to partner with DEW to evaluate the water security across the region both now and over the 

next 30 years to the year 2050, with consideration of: 

¶ Current and projected future availability of native water resources (surface water and 

groundwater) under current and changing climate conditions; 

¶ Current and projected future demand for water, with a particular focus on irrigation demands 

from the viticultural sector; and 

¶ Implications of a set of possible adaptation pathways identified as part of a new Barossa Water 

Security Strategy 

Given the significant climate uncertainty over the nominated 30 year future horizon, this study will apply the 

Ψ/ƭƛƳŀǘŜ wŜǎƛƭƛŜƴŎŜ !ǎǎŜǎǎƳŜƴǘ CǊŀƳŜǿƻǊƪ ŀƴŘ ¢ƻƻƭǎΩ ό/w!C¢Τ .ŜƴƴŜǘǘ Ŝǘ ŀƭΣ нлмуύ to formally stress-test the 

Barossa water supply and demand system under a range of climate scenarios, ŎƻƴǎƛŘŜǊƛƴƎ ōƻǘƘ ǘƘŜ ΨōŀǎŜƭƛƴŜΩ 

system configuration and a range of identified adaptation pathways. The framework component of CRAFT 

comprises five distinct steps as illustrated in Figure 1, and involves stress-testing each system configuration 

under a range of future climate scenarios in a manner that supports adaptive decision making. Whilst the 

steps are described sequentially in Bennett et al (2018), in practice there is significant iteration associated 

with each step as insights are generated and as new information comes to light. 

 

Figure 1. The Climate Resilience Assessment Framework (adapted from Bennett et al, 2018). 

The work in this report represents the first application of CRAFT to a problem context of the scale and 

complexity of the Barossa and Eden Valley water resource system. As an applied research project undertaken 

by the University of Adelaide on behalf of DEW, the work seeks to simultaneously ǎǳǇǇƻǊǘ 59²Ωǎ ƛƳƳŜŘƛŀǘŜ 

needs in the context of Barossa water security planning, while also developing the framework and tools to 

be generalized to other contexts. As such, this project has three primary objectives: 
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Objective 1. Apply CRAFT to the Barossa and Eden Valley water resources system in order to support the 

development of a regional water resources strategy 

Objective 2. Articulate the value-add of applying CRAFT to water security assessments for mid-complexity 

water resource systems such as the Barossa and Eden Valleys 

Objective 3. Identify and, where possible, implement improvements to CRAFT to enhance applicability and 

generalizability of both the framework and tools for future applications 

This report describes the application of CRAFT to the Barossa and Eden Valley context (Objective 1), with 

Objectives 2 and 3 covered in an accompanying report. The remainder of Section 1 of this report provides 

further context to the study area, and summarises various historical investigations and modelling activities 

that have significantly informed the present work. Section 2 then provides the outcome of Step 1 of the 

framework part of CRAFT (ƘŜƴŎŜŦƻǊǘƘ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨǘƘŜ ŦǊŀƳŜǿƻǊƪΩΤ ǎŜŜ Figure 1), and thus describes the 

approach to system representation, including the description of system performance measures used for the 

remainder of the analysis. The water resources system comprises a complex set of processes representing 

both supply (including surface water, groundwater and external water sources) and demand (predominantly 

from irrigated viticulture), and a summary of historical and current water stores and fluxes associated with 

each part of the water balance is then presented in Section 3.  

Future climate scenarios are required both for Step 2 of the framework (particularly with a view to delineating 

ǘƘŜ ōƻǳƴŘǎ ƻŦ ΨǇƭŀǳǎƛōƭŜ ŦǳǘǳǊŜ ŎƘŀƴƎŜǎΩύ ŀƴŘ ŦƻǊ {ǘŜǇ о όƛƴŎƻǊǇƻǊŀǘƛƻƴ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜ ƭƛƴŜǎ ƻŦ ŜǾƛŘŜƴŎŜύΣ ŀƴŘ 

the primary lines of evidence used to inform the climate change analysis are documented in Section 4. The 

ƻǳǘŎƻƳŜǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ΨǎǘǊŜǎǎ ǘŜǎǘΩ ό{ǘŜǇ н ƻŦ the framework) are then documented in two phases. The first 

phase represents the outcomes of the stress tests separately for each of the key components of the system, 

and this is documented in Section 5. The stress test is then conducted on the integrated system model (using 

a modelling framework that combines each of the key system components), and this is summarised in Section 

6. Though a separate process associated with the water strategy work, four possible adaptive pathways were 

identified, and each of these pathways have been subjected to the same stress testing process as the current 

system configuration. This represents Step 4 of the framework, and the outcomes of these stress tests are 

documented in Section 6.2. This section also provides a comparison between the different adaptive 

pathways, with a view to supporting subsequent decision making processes as articulated in Step 5 of the 

framework.  

1.2 Study Area(s) 

The area of study comprises the Barossa and Eden Valleys, with various alternative delineations shown in 

Figure 2. The largest delineation is the Barossa Geographic Indicator zone, and the term ΨBarossa ValleyΩ is 

often used informally to refer to vineyard regions located within this zone. However, official regional 

definitions are typically different from the informal usages of this term. GI zones are official descriptions of 

Australian wine zones prepared by Wine Australia to protect the integrity of the regional labels. A specific 

regional label can be used to brand wines only if they are prepared using a minimum 85% of the fruit from 

the GI zone.  

The Barossa GI zone contains two very distinct wine regions: the Barossa Valley and Eden Valley. These wine 

region divisions are based on attributes of the region, including elevation, climate, and the dominant 

winegrape varieties that are cultivated in the region. The location of the vineyards in the Barossa GI [as of 

December 2020, received from DEW] are overlaid on the regional delineations of the wine regions in Figure 

2, and highlight differences in vineyard density across the two wine regions. Furthermore, the Barossa and 

Eden Valley wine regions are also different in terms of the availability of external water from alternative 

sources. In particular, most of the vineyards in the Barossa Valley wine region are connected to the largest 

supplier of external irrigation from the Murray River, the Barossa Infrastructure Limited (BIL), whereas the 

vineyards in the Eden Valley wine region are not and thus have much more limited water supply options. 
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Figure 2. The Barossa Geographical Indicator (GI) Zone (the hatched region), Barossa Valley and Eden Valley wine regions (red 
boundaries), location of the vineyards (green) and the prescribed water resources area (PWRA) (black boundary). Catchment 

boundaries (light blue) are delineated by Government of South Australia. 

An alternative regional delineation that is important for modelling the surface water and groundwater 

resources in the region is the Barossa Prescribed Water Resources Area (PWRA). Prescribed water resource 

areas are used by DEW to support water allocation planning. Importantly, the Barossa PWRA also defines or 

partially defines the spatial extent of several of the numerical models that are used to represent key 

processes described in this report. The spatial boundaries of the Barossa PWRA are different from the wine 

region definitions due to differences in the intent of their usage. In particular, whilst the Barossa GI and wine 

regions are defined to protect the regional labels, the Barossa PWRA is delineated roughly based on natural 

catchment boundaries used for water resources modelling and water allocation planning. The Barossa PWRA 

contains areas from both the Barossa and Eden valley wine regions, but does not completely include either 

of them.  

In addition to the Barossa PWRA, the Marne River and Saunders Creek PWRA is located to the southeast of 

the Barossa PWRA and encompasses the portion of the Eden Valley that drains to the Murray River. This 

region has not been subject to significant investigation in this report, but may be relevant depending on the 

geographic scope of possible augmented water options.  

To address the different drivers and contexts of each delineation, this report provides the results from 

analyzing three separate delineations: the Barossa and Eden Valley wine regions, and the Barossa PWRA. 

Where there is significant overlap between the analyses for each delineation, this report will focus on the 

Barossa PWRA with additional insights from the other regions included in an appendix. However, primary 

insights from all three delineations are provided in the body of this report. 
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1.3 Historical and current land use in the Barossa and Eden Valley regions 

The Barossa Geographic Indicator (GI) zone is most widely recognised as one of AustraliŀΩǎ ǇǊŜƳƛŜǊ ǿƛƴŜ 

making regions, and also has a vibrant tourism industry. The current population is approximately 25,000 

(based on Barossa Council data; 2020 figures), having increased by 20% from 2005 

(https://profile.id.com.au/barossa/highlights-2016, accessed 27 Sep 2021). This is equivalent to an annual 

ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ ǊŀǘŜ ƻŦ мΦн҈Σ ǿƘƛŎƘ ƛǎ ǎƭƛƎƘǘƭȅ ōŜƭƻǿ !ǳǎǘǊŀƭƛŀΩǎ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ ǊŀǘŜ ƻŦ 

~1.5% over this period (e.g. https://data.worldbank.org/indicator/SP.POP.GROW?locations=AU). Key 

townships include Nuriootpa, Tanunda, Angaston, Williamstown and Lyndoch. Given the importance of 

viticulture in this region, a brief overview of the development of the industry is provided.    

Although the region has been associated with viticulture since 1850, the scale and role of vineyards in the 

region has changed significantly over time. Most recently, the Barossa and Eden valley regions witnessed 

significant increases in vineyard area during the early to mid-2000s (Figure 3) as part of what has been 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ΨŦƛŦǘƘ ōƻƻm cycƭŜΩ ƻŦ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ ǿƛƴŜ ƛƴŘǳǎǘǊȅ ǘƘŀǘ ǎǘŀǊǘŜŘ ŦǊƻƳ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘƘŜ ƳƛŘ-

мфулΩǎ ŀƴŘ ŎƻƴǘƛƴǳŜŘ ǳƴǘƛƭ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нллу ό!ƴŘŜǊǎƻƴΣ нлмрύΦ !ǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ Figure 3, total planted 

area subsequently stabilized with only very minor growth in planted area from 2008 until present.  

 

Figure 3. Planted vineyard area for the combined Barossa and Eden Valley regions obtained from Vine Health Australia Production 
Reports (Source: https://vinehealth.com.au/news/sa-winegrape-crush-survey/, accessed 20 September 2021) 

 

Figure 4 shows the trend in percentage of planted area of different winegrape varieties in the Barossa and 

Eden Valleys. Whilst shiraz consistently has been the single most common winegrape variety in the Barossa 

Valley over the period since 2001, there have been significant changes in the relative composition of different 

varieties over the last two decades. For example, red varieties expanded from 68.5% to 87.3% of the total 

crush over the period from 2001 to 2021 across Barossa and Eden Valleys, with shiraz in particular increasing 

rapidly from 37.9% to 59.5% across the two valleys over this period. This increase was offset by a more than 

halving of white winegrape varieties. For the Barossa Valley in particular, white varieties decreased from 

31.5% to 7.8% of the total planted area from 2001 to 2021. In contrast, the split between white and red 

varieties in Eden Valley has remained more steady over this period, with white varieties consistently 

comprising approximately 40-45% of the overall Eden Valley planted area. 
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Figure 4. Trend of area of white, shiraz, cabernet sauvignon and other red varieties as a percentage of total planted area in the 
Barossa Valley (top) and Eden Valley (bottom), obtained from Vine Health Australia Production Reports (Source: 

https://vinehealth.com.au/news/sa-winegrape-crush-survey/, accessed 24 November 2021)  

Figure 5 show the historical grape yields per hectare from the Barossa zone. The grape yields show significant 

year-to-year variations, ranging from 7 T/ha or more in the early period to a low of 2.3 T/ha for 2020;  

moreover, a visual inspection of this time series suggests what appears a trend of declining yields. The 

reasons behind the declines are not explored in the available reports reviewed in this research, but is 

generally thought to be due to changes in climate and associated increase in water scarcity, as well as a trend 

ǘƻǿŀǊŘǎ ΨǇǊŜƳƛǳƳƛǎŀǘƛƻƴΩ ƻŦ ǿƛƴŜ ǇǊƻŘǳŎǘƛƻƴ. The changes in vineyard area and variety over the period of 
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record also may have an influence on the average yield, though this has not been mentioned in the available 

reports. 

These three factorsτthe planted area, the winegrape variety and the yieldτrepresent important controls 

on overall water demand from the viticulture industry in the region, and depicting changes to these controls 

through time helps to illustrate the highly dynamic nature of the industry over a timespan of 20 years. This 

has important implications when developing plausible future water balance scenarios over multi-decadal 

timespans, with the horizon for the Barossa Water Security Strategy spanning up to 2050.   

 

Figure 5. Average grape yield per hectare for the combined Barossa and Eden Valley regions obtained from Vine Health Australia 
Production Reports (Source: https://vinehealth.com.au/news/sa-winegrape-crush-survey/, accessed 20 September 2021), calculated 

as total crush divided by planted vineyard area. 

1.4 Historical development of the Barossaõs water infrastructure 

Water infrastructure in the Barossa GI zone has developed significantly over recent decades, with key 

ŘŜǾŜƭƻǇƳŜƴǘǎ ŀƭƛƎƴƛƴƎ ǿƛǘƘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΩǎ ǾƛǘƛŎǳƭǘǳǊŜ ƛƴŘǳǎǘǊȅΦ ! ōǊƛŜŦ 

summary of available information on the historical development of infrastructure is provided here, with the 

ǇƘǊŀǎŜ ΨǿŀǘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩ ŘŜŦƛƴŜŘ broadly as comprising any distributed or centralized physical asset that 

enables access to native and/or imported water sources.  

1.4.1 Farm dams 

Farm dams are a major storage of surface water across the region. During the period from early 1970s to 

1991 there was reported to have been a ten-fold increase in farm dam storage capacity in the Barossa Valley 

(Jones-Gill and Savadamuthu, 2014). Farm dam development has since slowed, particularly since prescription 

of water resources and the development of water allocation plans for the region (Jones-Gill and 

Savadamuthu, 2014). 

Farm dams are used in the region to capture surface water for irrigation, stock, and domestic uses. The dams 

used for irrigation are licensed and water use is metered. The dams used to cater to stock and domestic water 

demands are not licensed, and the capacities of these non-licensed dams are estimated based on aerial 

surveys (Jones-Gill and Savadamuthu, 2014). Focusing first on the Barossa PWRA, it has been estimated that 

there are a total of 1780 farm dams in this region (Table 1; Montazeri and Savadamuthu, 2020), of which 255 

are licensed dams with a total capacity of 5.94GL. The remainder (1525 dams) are non-licenced with an 
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estimated capacity of 2.76 GL (Table 1). Thus, the total estimated storage capacity of the farm dams in the 

PWRA is 8.70 GL, 68% of which is licensed for irrigation use (Montazeri and Savadamuthu, 2020).  

Table 1. Number of farm dams and their capacity across the three study delineations. 

Delineations   Dam count Dam capacity (GL) 

Barossa PWRA Licensed 255 5.94 

  Non-Licensed 1525 2.76 

  TOTAL 1780 8.70 

Barossa Valley  Licensed 173 2.91 

  Non-Licensed 1173 2.97 

  TOTAL 1346 5.89 

Eden Valley  Licensed 206 5.36 

 Non-Licensed 1678 3.09 

 TOTAL 1884 8.45 

 

For the Barossa Valley delineation there are a total of 1346 dams with a capacity of 5.89 GL, of which 173 

dams with the capacity of 2.91 GL used for licensed purposes, and 1173 unlicensed dams with the capacity 

of 2.97 GL are non-licensed (Table 1). For the Eden Valley wine region, there are 1884 farm dams in the Eden 

Valley with a total storage capacity of 8.45 GL (Table 1). Of these, 206 dams are licenced, with a total capacity 

of 5.36 GL. The remainder of 1678 farm dams are non-licensed with an estimated capacity of 3.09 GL.  

Dam information was extracted from the Topography Waterbodies 

(https://data.sa.gov.au/data/dataset/waterbodies-in-south-australia) on 30/8/2021. Recognising that the 

Barossa PWRA sits wholly within the Barossa and Eden Valley delineations, it can be estimated that the 

overall Barossa GI zone has 3230 farm dams, comprising a total storage capacity of 14.34 GL, of which  

8.27 GL (58%) is licensed.  

Whilst rainfall represents a major input to farm dams, anecdotally some farm dams are also used to 

temporarily store water from imported sources such as from the Barossa Infrastructure Limited (BIL) scheme, 

to ensure security of supply during peak demands as might occur during heatwaves. At the time of writing, 

further information on the magnitude and dynamics of this water use pattern was not available, and this 

behaviour is not included in the Source surface water model (the Source model is discussed further in Section 

1.5.2).   

1.4.2 Imported water pipeline systems 

The Barossa Valley wine region uses water from external sources for irrigation. These external sources of 

water are the River Murray and storm water harvested from urban areas in Gawler. The River Murray water 

is delivered through the Barossa Infrastructure limited (BIL) pipeline during the growing season, and the SA 

Water main pipeline during the off-ǇŜŀƪ ό!ǇǊƛƭ ǘƻ hŎǘƻōŜǊύ ǎŜŀǎƻƴ όǘŜǊƳŜŘ ά{! ǿŀǘŜǊ ƻŦŦ-ǇŜŀƪέύΦ The BIL 

pipeline connection is available only in the Barossa Valley wine region and services 75% of the growers within 

that delineation (Source: Options consultation report). BIL has an annual capacity of 11 GL/year as of year 

2020 (Source: BIL annual report). The water supplied by the BIL pipeline accounts for the largest irrigation 

water use in the Barossa Valley in the recent period. There has been progressive expansions of the BIL 

pipeline capacity since its inception in 2002 to cater to increasing demands for water, as shown in Table 2.  
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Table 2. Historical expansion of BIL capacity (Source: BIL annual reports) 

From Year BIL Capacity (GL/year) 

2001/02 (inception) 7 

2014/15 8 

2015/16 9 

2018/19 11 

 

In addition to the BIL scheme, storm water from Gawler is delivered through the Bunyip pipeline that services 

the Seppeltsfield Vineyard in the western edge of the valley floor. Almost all of the water from the Bunyip 

pipeline (up to 2 GL) is delivered to Seppeltsfield after taking out 50ML to service the Hewett region (Barossa 

Wine and its Ecosystem, n. d.). The Bunyip scheme started operation in water year 2016 (Source: Bunyip 

Water Pty. Ltd, n. d.), and secures water from a mix of storm water runoff from urban areas in Gawler and 

recycled water from the Bolivar treatment plant. 

Figure 6 shows the layout of BIL and SA Water pipelines in the region. The figure does not include the Bunyip 

pipeline, but the approximate location of Seppeltsfield vineyards that receives Bunyip water is marked for 

reference.  

 

Figure 6. The layout of SA Water and BIL pipeline network and the approximate location of Seppeltsfield vineyards that receive water 
from the Bunyip pipeline 

1.4.3 Groundwater resources and associated infrastructure 

Groundwater systems in the form of aquifers (sediments that are capable of storing and transmitting 

significant volumes of water) represent an increasingly important source of water for the region, and are 

made accessible via abstraction wells and pumping systems. Anecdotally, some wine grape growers have also 
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invested in small-scale desalination to address water quality (particularly salinity) issues, although little is 

currently known about the penetration and/or likely future update of this technology. In the context of 

ƎǊƻǳƴŘǿŀǘŜǊ ŀǎǎŜǘǎΣ ΨƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩ ǘƘǳǎ ǊŜŦŜǊǎ ǘƻ ŀǎǎŜǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀŎŎŜǎǎƛƴƎΣ ŜȄǘǊŀŎǘƛƴƎ ŀƴŘ ǘǊŜŀǘƛƴƎ 

the groundwater resources. 

DǊƻǳƴŘǿŀǘŜǊ ƻŎŎǳǊǎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ǿƛǘƘƛƴ ŀƴ ΨǳǇǇŜǊΩ ǳƴŎƻƴŦƛƴŜŘκŎƻƴŦƛƴŜŘ ŀǉǳƛŦŜǊΣ ŀ ΨƭƻǿŜǊΩ ŎƻƴŦƛƴŜŘ 

sedimentary aquifer, and fractured rock aquifer(s). The sedimentary aquifers are largely restricted to the 

central Barossa Valley between Nuriootpa and Lyndoch, whereas the fractured rock aquifers extend across 

the entire Barossa PWRA and Eden Valley, as shown in Figure 7. The number of licensed wells for the three 

study areas are presented in Table 3. The reader is referred to Li and Cranswick (2015) for details regarding 

the hydrogeological setting of the Barossa PWRA. 

Table 3. Number of licensed extraction wells in the three study areas 

 Barossa PWRA Barossa Valley Eden Valley 

Fractured 216 145 165 

Lower 116 124 1 

Upper 78 85 0 

TOTAL 410 354 166 

 

 

Figure 7. Aquifer extent map with location of abstraction wells 

Groundwater is abstracted from all three of these main aquifers for irrigation (primarily for viticulture), stock 

and domestic water supply. The vast majority of groundwater use is for irrigation; only about 2% of estimated 

groundwater use is believed to be used for stock and domestic supply (Cranswick et al., 2016). The fact that 

abstraction wells were installed in and are still used to access groundwater from each aquifer reflects the 

suitably high transmissivity associated with the different aquifers (e.g., high well yields). The number of 
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abstraction wells in use is thought to be stable since the early 1990s following considerable expansion. The 

distribution of abstraction wells and the aquifer in which they are slotted is shown in Figure 7. The relative 

proportion of groundwater abstraction from different aquifers, as well as historical abstraction and allocation 

trends, is discussed in Section 3.6. 

Groundwater from the upper sedimentary aquifer is not commonly used for irrigation due to its high salinity 

(900-12000 mg/L); a generally accepted salinity threshold limit for irrigation of vines is 1500 mg/L (Cranswick 

et al., 2016). Groundwater within the lower sedimentary and fractured rock aquifers, however, display 

significantly lower salinity (400-3000 and 450-3500 mg/L respectively), and is therefore abstracted for 

irrigation water supply. Groundwater salinities in the sedimentary aquifers are reflective of recharge 

mechanisms; for example, low salinity groundwater typically is present in proximity to losing rivers. Salinities 

in the fractured rock aquifers, however, are highly variable and more difficult to explain (Cranswick et al., 

2015). The relatively saline water abstracted from the upper aquifer is sometimes mixed όƛΦŜΦΣ ΨǎƘŀƴŘƛŜŘΩύ 

with lower salinity water to provide an alternative irrigation water supply. Whilst groundwater salinity varies 

significantly spatially, changes in groundwater salinity trends have also been observed in some areas since 

the 1990s (Cranswick et al., 2015).  

1.4.4 Soil moisture resources and associated infrastructure 

Similar to groundwater, soil moisture iƴ ǘƘŜ ǳǇǇŜǊ ǳƴǎŀǘǳǊŀǘŜŘ ȊƻƴŜ ǊŜǇǊŜǎŜƴǘǎ ŀ ΨƴŀǘǳǊŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩ ŦƻǊ 

water storage that is often managed actively and deliberately through irrigation within agricultural contexts. 

Robinson and Sandercock (2014) reported on the available water holding capacity (AWHC) of soils in the 

greater Barossa region. AWHC is an indicator of how much water can be effectively available for crop growth. 

It is therefore an attribute of particular interest in the Barossa region and to the current study.  

Notwithstanding the heterogeneity in soil type, water quality and topography, the majority of the Barossa 

PWRA displays high (>100 cm), moderate (70-100 cm) or moderately low (40-70 cm) AWHC, with highest 

AWHC values typically occurring in the Barossa Valley floor. While some of the areas with high AWHC already 

support vineyards within the Barossa PWRA, there is also the potential for vineyard expansion into areas with 

high AWHC that are not currently utilised for viticulture purposes. This has important implications on capacity 

to expand irrigated agriculture in the future (e.g., the potential for new plantings in the future, and the likely 

irrigation demands for these plantings depending on the AWHC in any newly planted areas). Soil moisture in 

these regions is managed through irrigation practice, for the purposes of reducing grapevine water stress to 

ǎƻƳŜ ŘŜƎǊŜŜ όŜΦƎΦΣ ΨŘŜŦƛŎƛǘ ƛǊǊƛƎŀǘƛƻƴΩύ ōȅ ǎǳǇǇƭŜƳŜƴǘƛƴƎ ǊŀƛƴŦŀƭƭΦ LǊǊƛƎŀǘƛƻƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ŀŎƘƛŜǾŜŘ ǳǎƛƴƎ ǎǳǊŦŀŎŜ 

drippers.  

1.5 Previous water resource investigations and models 

1.5.1 Summary of historical investigations 

Historical water resource investigations have primarily focused on the Barossa PWRA delineation, to 

understand the rate of resource use in the Barossa PWRA and the impact of water use on the natural state 

of these resources. Over the past decade, these investigations have been performed using two primary 

models: an eWater Source surface water model and a MODFLOW groundwater model. A number of key 

references provide useful background to the models and datasets used in this report, and these are 

summarised briefly as follows: 

¶ Jones-Gill and Savadamuthu (2014) established a hydrological model to incorporate rainfall-runoff 

relationships together with surface water use. This model was used to quantify the level of surface 

water use in the Barossa PWRA relative to resource capacity for seventeen project management 

zones, through modelling scenarios of different water management practices to assess their impact. 

A key finding is that the water use from farm dams and watercourses have reduced the average 

annual streamflow at Yaldara by around 23%. 
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¶ Montazeri and Savadamuthu (2020) provide an update of the surface water model to include 

additional farm dams, and recalibrated the model to include data up to 2016. A key finding was that 

the current level of development (farm dams and watercourse extractions) has potentially reduced 

the average annual streamflow in the Barossa PWRA by around 17% (>50% during dry years). 

¶ Hancock et al. (2014) studied interactions between groundwater and surface water systems in the 

Barossa PWRA, and found that the groundwater and surface water systems can generally be classed 

ŀǎ ΨƘƛƎƘƭȅ ŎƻƴƴŜŎǘŜŘΩΣ ǿƛǘƘ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƎŀƛƴƛƴƎ ŀƴŘ ƭƻǎƛƴƎ ǎǘǊŜŀƳ ŎƻƴŘƛǘƛƻƴǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 

season and location. 

¶ Cranswick et al. (2015)1 conducted a preliminary assessment of the capacity of groundwater 

resources in the Barossa PWRA to meet demands (both consumption and from ecosystem 

sustainability perspective). The desktop assessment involved synthesising previous reports, 

reviewing monitoring data and development of annual water balances for various aquifer 

delineations and groundwater management zones. Total resource capacity was estimated to be 

between 3.45 and 9.75 GL/y (median = 6.61 GL/y), and the preliminary extraction limit (PEL) was 

estimated to be between 1.25 and 4.28 GL/y (median = 3.31 GL/y). This exceeded the 10-year average 

groundwater use at the time (2.09 GL/y), but several high groundwater use years exceed the PEL. 

¶ Li and Cranswick (2016) reported on the groundwater model development and application. The 

model builds upon Cranswick et al. (2015) to further support the estimation of groundwater resource 

capacity as well as appropriate ranges of extraction limits (using the model to better quantify the 

impacts of groundwater abstraction in space and time, including under different water use and 

climate scenarios). ¢ƘŜ ƳƻŘŜƭ ǿŀǎ ŘŜŜƳŜŘ ǘƻ ōŜ ΨŦƛǘ ŦƻǊ ǇǳǊǇƻǎŜΩΣ ƛƴ ǘƘŀǘ ƛǘ Ŏŀƴ ΨǎǳŎŎŜǎǎŦǳƭƭȅ ǊŜǇǊŜǎŜƴǘ 

regional flow processes with medium to high confidence in 11 of 12 proposed groundwater 

ƳŀƴŀƎŜƳŜƴǘ ȊƻƴŜǎΩΦ Scenario analyses reveal that groundwater levels and storages remain stable 

under climate change scenarios where recent 10-year average groundwater abstraction is 

considered. However, pumping at full allocation (7.8 GL/year) was found to cause dramatic 

reductions in groundwater storage, whereas pumping at five highest pumping years during the 

period 2006-2015 (3.5 GL/year) also caused declining storage trends, dampened in confined aquifers, 

with moderate reductions in baseflow in proximity of pumping. 

¶ Cranswick et al. (2016) integrates the findings of Cranswick et al (2015) and Li and Cranwick (2016). 

¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ΨǎǳǎǘŀƛƴŀōƭŜ ŜȄǘǊŀŎǘƛƻƴ ƭƛƳƛǘǎΩ ό{9[ǎύΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ƛƴŦƻǊƳ 

ǘƘŜ ²ŀǘŜǊ !ƭƭƻŎŀǘƛƻƴ tƭŀƴΦ ¢ƘŜ ǊŜǇƻǊǘ ŘƻŜǎ ǎƻ ōȅ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ [ƛ ŀƴŘ /ǊŀƴǎǿƛŎƪΩǎ 

(2016) modelling results towards policy development. The report presented a series of resource 

condition limits (RCLs) that aim to ensure that resource conditions do not deteriorate beyond 

historical experience (as declining levels and increasing salinities have been observed). Based on this 

work, the aggregated Barossa PWRA was estimated to have a resource extraction limit (REL) range 

of 3.12 to 3.58 GL/y. The lower limit is above the recent 10-year average abstraction rate. 

Further information pertaining to the key surface water and groundwater models used in the study area are 

described in the following sections. 

1.5.2 eWater Source 

Jones-Gill and Savadamuthu (2014) developed a model of the surface water resources of the Barossa PWRA 

in the eWater Source modelling platform. The model was calibrated using streamflow data from 01/06/2003 

to 01/06/2013, and validated for the period 01/06/1999 to 30/05/2003. Montazeri and Savadamuthu (2020) 

updated the model to include additional farms dams and also extended the data used for calibration (using 

the period from 2003 to 2016). The development of the surface water model detailed in these reports is 

 

 

1 wŜǇƻǊǘ ǿŀǎ ƴƻǘ ŦƛƴŀƭƛǎŜŘ ƻŦŦƛŎƛŀƭƭȅΦ Lǘ ǊŜƳŀƛƴǎ ƛƴ ΨǳƴǇǳōƭƛǎƘŜŘ ŘǊŀŦǘΩ ŦƻǊƳΦ   
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briefly summarized in this section. The reader is referred to the DEW surface water modelling reports (Jones-

Gill and Savadamuthu, 2014; Montazeri and Savadamuthu 2020) for more detail. 

The Barossa PWRA is divided into 365 minor sub-catchments for surface water modelling. The rainfall-runoff 

behaviour of these sub-catchments are modelled using the GR4J formulation in the eWater Source software. 

The division of these sub-catchments are based on multiple factors such as locations of farm dams/licensed 

water extractions, streamflow gauging stations, locations required for ecological flow assessments, 

environmental flows and/or scenario testing. Six functional units based on landuse and soil texture are 

represented in the rainfall-runoff models. The eWater Source model excludes Stockwell Creek, Victoria 

Creek, and small pockets of land along the boundary that are not hydrologically connected to the North Para 

and Greenock Creek Catchment areas.  

The farm dams in the Barossa PWRA are modelled using the farm-dam plugin in eWater source. The volume 

of farm dams used for licensed extractions are available from the surface water licenses, and this information 

is used in the model. For unlicensed farm dams, the model uses information from an aerial survey undertaken 

in 2012. The surface area of these farm dams are available from the aerial survey, and an empirical estimate 

of the farm dam volume from the area is used for the modelling. The annual water demand from licensed 

farm dams is prescribed using the historical water use data from 2005 to 2013. Similarly, the historical water 

use from water course extractions are used to prescribe the demand of water users in the model. For 

unlicensed stock and domestic farm dams, an annual water demand of 30% of the dam volume is assumed 

and prescribed in the model, as historical water-use data is not available. The annual demand numbers are 

assigned a seasonal pattern following the monthly distribution of potential evapotranspiration. The actual 

water supplied in the model may be less than or equal to the prescribed demand based on the amount of 

water available during the simulation. 

Montazeri and Savadamuthu (2020) calibrated the eWater source model to daily stream flow records from 

four gauging stations for the period 01/06/2003 to 31/12/2016. Is it noted that the simulated annual and 

monthly correlations are better than the daily correlations. For annual streamflow at Yaldara, the calibrated 

model exhibits an R-squared value of 0.95 and Nash-Sutcliffe Efficiency of 0.90. At the daily scales, the 

simulated high flows are generally lower than the observed high flows. There are also some deficiencies in 

capturing flows during specific seasons (e.g. later autumn/early winter wetting events, late spring baseflow 

events). Overall the metrics of calibration and validation are reported to be satisfactory. 

Similar to the Barossa PWRA, a new hydrological catchment model was developed for the Marne River 

catchment using eWater Source. Previous surface water assessments and modelling were undertaken in the 

Upper Marne River catchment with WaterCress by Savadamuthu (2002) which contributed to the 

development of the Marne Saunders WAP. The WaterCress model has been updated and refined and 

ǎǳǇǇƻǊǘǎ {ƻǳǘƘ !ǳǎǘǊŀƭƛŀΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǳƴŘŜǊ ǘƘŜ aǳǊǊŀȅ 5ŀǊƭƛƴƎ .ŀǎƛƴ tƭŀƴΦ ¢ƘŜ ƴŜǿ {ƻǳǊŎŜ ƳƻŘŜƭ 

explicitly represents all runoff-capturing farm dams and licensed extractions and diversions and exhibits a 

similar level of functionality to the existing WaterCress model.  

The catchment model was calibrated to observed daily streamflow data in the Marne Gorge for three periods: 

¶ 1975ς88: chosen to replicate the original calibration undertaken in WaterCress, which is also the 

calibration period used in developing the Marne Saunders WAP. The data used for this stage was 

solely from the older streamflow gauging station A4260529 (Savadamuthu 2002). 

¶ 1975ς2019: chosen to undertake calibration for the longest period of available streamflow covering 

both streamflow gauging station records. Poor quality data and flow days below 0.1 ML/d were 

filtered out in the calibration. 

¶ 2010ς19: chosen to calibrate to the recent post-Millennium drought conditions. The data used for 

this calibration stage was unfiltered and was solely from the newer streamflow gauging station 

(A4260605). 
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The model has been calibrated to observed streamflow data for the main streamflow gauging station in the 

Marne Gorge (A4260605). Daily flow duration curves are described as having a general good fit between 

modelled and observed data. As part of the model validation, each of the three model versions were run for 

the same period (1975-2019). Model validation has shown that the 1975ς2019 calibrated model preformed 

ōŜǎǘ ƛƴ ΨŀǾŜǊŀƎŜΩ ȅŜŀǊǎ ŀŎǊƻǎǎ ǘƘƛǎ ǇŜǊƛƻŘ ŀƴŘ ƳƻŘŜƭƭŜŘ ǎǘǊŜŀƳŦƭƻǿ ǿŀǎ ŎƭƻǎŜǊ ǘƻ ƻōǎŜǊǾŜŘ ǎǘǊŜŀƳŦƭƻǿΦ ¢Ƙƛǎ 

version of the model also performed well in dry years. However, modelled outputs show that this model 

version has a tendency to overestimate streamflow when compared to observed data for much of the flow 

range except in the high flow range. Each of the model versions may be more suitable for a different purpose. 

For example, the 1975ςнлмф ōŜǎǘ ǊŜǇƭƛŎŀǘŜǎ ΨŀǾŜǊŀƎŜΩ ŎƻƴŘƛǘƛƻƴǎ ōǳǘ ǘƘŜ нлмлς19 could be more appropriate 

for a WAP review or climate change analysis if the dry years are expected to continue in to the future. 

Nevertheless, the 1975-2019 model version is used in this study ƎƛǾŜƴ ǘƘŀǘ ǘƘŜ ΨǎǘǊŜǎǎ ǘŜǎǘΩ ǿƻǊƪ ƛƴŎƭǳŘŜǎ ŀ 

range of scenarios comprising both increasing and decreasing rainfall volumes.  

1.5.3 MODFLOW 

The numerical groundwater flow model of Li and Cranswick (2016) was developed for the purposes of 

supporting the estimation of groundwater resource capacity as well as appropriate ranges of sustainable 

extraction limits (which are used to inform the WAP following subsequent analyses by Cranswick et al. 

(2016)). The model was designed to simulate regional-scale groundwater processes that are deemed to be 

relevant for groundwater resource management and policy development, including regional-scale aquifer 

responses to different climate and groundwater abstraction scenarios. The model was the first of its kind 

(e.g., capable of simulating stress impacts in space and time) for the Barossa PWRA.  

The model integrates diverse and recently updated data and knowledge streams. In particular, the model 

was developed and calibrated on the basis of hydraulic, hydrochemical and salinity observation data, as well 

as baseflow and groundwater age estimates. It also integrated recently updated Barossa PWRA 

hydrogeological knowledge (e.g., independent time-averaged water balance estimates) reported by 

Cranswick et al. (2015), and recent work on surface water-groundwater interactions by Hancock et al. (2014). 

  



14 

2 Conceptual representation of the Barossa Water 

Resources System 
Developing a quantitative representation of a given climate-sensitive system represents a core component 

ƻŦ ǘƘŜ /w!C¢ ΨǎǘǊŜǎǎ ǘŜǎǘƛƴƎΩ ŦǊŀƳŜǿƻǊƪΣ ŀǎ ƛǘ ǇǊƻǾƛŘŜǎ ǘƘŜ ōŀǎƛǎ for assessments of how changes in climatic 

forcings lead to changes in system states, fluxes, and outcomes (the latter referred to here as the system 

ΨǇŜǊŦƻǊƳŀƴŎŜΩ2). In this section the high-level conceptual approach to system representation is described, 

with more detailed description of each of the key water stores and fluxes described in Section 3. 

As recommended in the CRAFT documentation (Bennett et al, 2018), a systems approach is adopted to 

describe the Barossa and Eden Valley water resource system(s). At its most basic, the delineation of the 

system used in CRAFT is illustrated in Figure 8, and shows that the climate-sensitive system represents a 

ƳŀǇǇƛƴƎ ōŜǘǿŜŜƴ ǘƘŜ ŎƭƛƳŀǘŜ ŦƻǊŎƛƴƎǎ όƻǊ ŎƭƛƳŀǘŜ ΨƛƴǇǳǘǎΩύ ŀƴŘ ƳŜŀǎǳǊŜǎ ƻŦ ǎȅǎǘŜƳ ǇŜǊŦƻǊƳŀƴŎŜΦ The term 

ΨǎȅǎǘŜƳ ƳƻŘŜƭΩ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘƛǎ ƳŀǇǇƛƴƎΦ 

The CRAFT ŀǇǇǊƻŀŎƘΣ ŀǎ ŀ ǎǇŜŎƛŦƛŎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ΨōƻǘǘƻƳ-ǳǇΩ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ƳŜǘƘƻŘǎΣ ǳǎŜǎ 

measures of system performance as the starting point for determining system representation. As such, 

measures of performance used for the remainder of the analysis are now described. 

 

 

Figure 8. Definition of ósystem modelô used in CRAFT (Bennett et al, 2018) 

 

2.1 System Purpose: Defining Performance Metrics  

Defining system purpose is a core decision that influences all other aspects of system modelling, and is 

characterized by its normative content in that it ultimately depends on the values of key stakeholders, rather 

than being something that can be rationally determined by technical experts. The key elements of system 

purpose for the Barossa and Eden Valley water resource systems have been identified by DEW and supported 

through a series of stakeholder workshops, and comprise two key dimensions: 

¶ Provision of water security to consumptive end-users (predominantly but not exclusively agricultural 

users); and 

¶ Maintenance or enhancement of ecological outcomes. 

 

 

2 Within the systems lƛǘŜǊŀǘǳǊŜΣ ǎȅǎǘŜƳǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ΨŦǳƴŎǘƛƻƴΩ ƻǊ ΨǇǳǊǇƻǎŜΩΣ ǿƛǘƘ ΨŦǳƴŎǘƛƻƴΩ ǳǎǳŀƭƭȅ ǳǎŜŘ 
for natural (non-ƘǳƳŀƴύ ǎȅǎǘŜƳǎ ǿƘƛƭŜ ΨǇǳǊǇƻǎŜΩ ƛǎ ƳƻǊŜ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ŦƻǊ ƘǳƳŀƴ ǎȅǎǘŜƳǎΦ !ƴƻǘƘŜǊ ǎƛƳƛƭŀǊ ǘŜǊƳ ǘƘŀǘ 
is more commonly used in the risk literŀǘǳǊŜ ƛǎ ΨƻōƧŜŎǘƛǾŜǎΩ όƛƴ ǘƘŜ ǎŜƴǎŜ ǘƘŀǘ ΨǊƛǎƪ ƛǎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǳƴŎŜǊǘŀƛƴǘȅ ƻƴ 
ƻōƧŜŎǘƛǾŜǎΩύΦ /w!C¢ Ƙŀǎ ǘǊŀŘƛǘƛƻƴŀƭƭȅ ǳǎŜŘ ǎȅǎǘŜƳ ΨǇŜǊŦƻǊƳŀƴŎŜΩ ŀǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ƳŜŀǎǳǊŜǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ǇǳǊǇƻǎŜ ƻǊ 
objectives; however it is noted that in the context of this report these terms can be used largely interchangeably.   
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In translating these dimensions of purpose into quantitative performance metrics, it is noted that the scope 

of the modelling described in this report comprises simulation of changes to physical stores and fluxes of 

water throughout the water resources area3. This leads to the metrics described in Table 4, where: 

¶ Metrics associated with water security are represented largely in terms of either volume of unmet 

demand, or percentage of years with unmet demand; and 

¶ Metrics associated with ecological outcomes are based on ecologically significant parts of the flow 

duration curve (pers. comms. DEW, 20/09/2021). 

Whilst these metrics necessarily only provide a limited snapshot of the functioning of the Barossa and Eden 

Valley water resource systems, this constraint needs to be balanced against the need for a sufficiently small 

set of metrics that can be analysed consistently and tracked over time and across different adaptive pathways 

to support decision making. Various additional system metrics, including intermediate calculations, are also 

documented in various places throughout this report; however the metrics described in Table 4 are the 

primary metrics used for comparison of the baseline system performance and adaptive pathways as 

described in Sections 6 and 6.2. 

Table 4. Summary of water security and ecological system performance metrics to be explored in this report 

Metric Type System Performance Metric  Description  

Water 
Security 

Average unmet demand The average volume deficit of the system to supply all 
required demand in any given year.   

Percentage of years with 
unmet demand  

The percentage of years in which the system is unable 
to supply demand. This gives an indication of the 
expected frequency of failure.  

Average unmet demand in 
years with unmet demand  

The average volume deficit of the system to supply all 
required demand, in each year where demand is not 
met. This gives an indication of how severe failure is 
when it occurs.   

Ratio of supply and demand 
for defined reliability 

The total available water supply divided by the 
demand in a given year. All the ratios for a given 
perturbation scenario are ranked smallest to largest 
and the third smallest year is chosen for the 
perturbation combination. This corresponds to 90% 
reliability (3rd worst year out of 30).       

Ecological  Flow days  The number of flow days gives an indication of stream 
ecosystem health, as days with no flow can negatively 
impact dependent flora and fauna. Flow days are 
defined as any day with flow greater than 0.05ML. 

Medium flow days The number of flow days larger than the 50th 
percentile relative to the historical baseline  

Days over threshold flow  The number of days over the threshold flow rate, 
which is the flow rate required to produce a flow 
depth of 12cm. This is an important flow depth for 
several ecological functions.  

 

 

 

3 Other elements that could be considered relevant are the impacts of water quality and/or prices on water use patterns, 
and ecological outcomes associated with different environmental flow metrics. Both these elements are outside the 
scope of this report. 
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Water security metrics are evaluated on a water balance basis for each delineation. In contrast, ecological 

metrics will be assessed for two separate zones: the Barossa Valley Gorge and Upper Flaxman Valley. These 

are important as they represent the end of system (Barossa Valley Gorge outflow is the outflow from the 

North Para River at Yaldara) and an important zone for representing ecosystem health, respectively.   

2.2 System Representation 

IŀǾƛƴƎ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ǎȅǎǘŜƳΩǎ ΨƪŜȅ ǇŜǊŦƻǊƳŀƴŎŜ ƳŜǘǊƛŎǎΩΣ ƛǘ ƛǎ ƴƻǿ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǾŜƭƻǇ ŀ ƳƻŘŜƭƭƛƴƎ 

framework to capture key system dynamics that can influence the state of each performance metric. Within 

the scope and constraints of this study, the modelling framework should be: 

¶ Capable of representing the impacts of climate change on key aspects of system dynamics, ultimately 

leading to the production of estimates of changes to system performance metrics; 

¶ Capable of integrating ŀ ǊŀƴƎŜ ƻŦ ǇƻǎǎƛōƭŜ ŀƭǘŜǊƴŀǘƛǾŜ ǎȅǎǘŜƳ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ όƻǊ ΨŀŘŀǇǘƛǾŜ ǇŀǘƘǿŀȅǎΩύ 

that are designed to improve system performance for some or all future climate scenarios;  

¶ Capable of integrating existing domain knowledge and modelling platforms where possible, including 

the eWater Source and MODFLOW models as well as any relevant irrigation demand models;  

¶ Capable of rapidly integrating alternative process representations to enable testing of key 

assumptions (for example alternative representations of irrigation demand) and/or the outcome of 

expert elicitation processes for aspects where process models are unavailable;  

¶ Easy to update with alternative adaptive pathways and/or updated understanding of key processes; 

and 

¶ Accessible and easy to interpret, with a range of diagnostic and plotting functions to support 

visualization. 

Based on these criteria, it was decided to use a systems dynamics modelling framework that was capable of 

reflecting stores and fluxes in a consistent manner, representing processes of both supply (including surface 

water, groundwater and imported water) and demand (particularly including irrigation demands, as well as 

stock and domestic water demands). Advantages of this approach are that it is possible to embed insights 

ŦǊƻƳ ǘƘŜ ΨŎƻƳǇƻƴŜƴǘΩ ƳƻŘŜƭǎ όƛΦŜΦ {ƻǳǊŎŜΣ ah5C[h²Σ ŜǘŎύ as well as the insights from expert elicitation 

processes into the system dynamics model, while also having the capacity to rapidly implement changes to 

system configuration. Key disadvantages of the approach include: 

¶ The need to lump models in space and time. In particular, the system dynamics model works at an 

annual timestep, and aggregates information in a lumped fashion across the three modelling 

domains (Barossa Valley, Eden Valley and Barossa PWRA).  

¶ The requirement of an additional step of calibrating the system dynamics model on the component 

models (which in turn are calibrated based on observational data).  

The primary alternative to the system dynamics approach was to couple each of the component models 

directly into a single integrated model; however this approach was not adopted because of the lack of model 

commensurability in terms of discretisation (e.g. Source is based on hydrological response units run at a daily 

scale, MODFLOW is a gridded model run at a six-monthly timestep, and the crop model is a column model 

Ǌǳƴ ŀǘ ŀ Řŀƛƭȅ ǘƛƳŜǎǘŜǇύΣ ŀƴŘ ƛƴ ǘŜǊƳǎ ƻŦ ǇǊƻŎŜǎǎŜǎ όŜΦƎΦ ǘƘŜ ΨƭƻǎǎŜǎΩ ƛƴ {ƻǳǊŎŜ Řƻ ƴƻǘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǎŀƳe  

processes as recharge in MODFLOW; evapotranspiration processes are represented very differently across 

the three primary component models; and so forth). Moreover, there is concern regarding the level of 

flexibility to quickly accommodate changes to representation (e.g. integrating the outcome of expert 

elicitation processes) and alternative adaptation pathways. As such, this approach was not pursued further 

here. 

The overall conceptual representation of the system is summarized in Figure 9 and Figure 10. Figure 9 

provides overall process description in the general form of an influence diagram, and describes how 

individual component models are used to represent relationships between key variables. The overall 
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structure is consistent with the schematic in Figure 8, with the green shaded box depicting the climate inputs, 

and the orange shaded box representing the key system performance metrics (Table 4). Each of the white 

open boxes represents a key intermediate variable, arrows denote relationships between those variables, 

ŀƴŘ ȅŜƭƭƻǿ ǎƘŀŘŜŘ ǘŜȄǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇǊƛƳŀǊȅ ΨŎƻƳǇƻƴŜƴǘΩ ƳƻŘŜƭƭƛƴƎ ǎƻǳǊŎŜǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ƛƴǎƛƎƘǘ ƻƴ ǘƘƻǎŜ 

relationships. This figure shows the significant complexity of the Barossa water resources system, with 

multiple interactions between surface and groundwater (for example baseflow is an output of both the 

surface water and groundwater models), and between supply and demand. 

An alternative representation of the same system is given in Figure 10, this time using a system dynamics 

representation. This representation depicts the approach taken to implementing the component models into 

Stella, which is the system dynamics model adopted for this study. There is significant commonality between 

the two representations, but the Stella platform has the additional advantage of highlighting a number of 

ǇƻǎǎƛōƭŜ ǎȅǎǘŜƳ ΨƛƴǘŜǊǾŜƴǘƛƻƴǎΩ ǎǳŎƘ ŀǎ ƛƴcreasing overall capacity of the imported water system or improving 

overall irrigation water use efficiency. These enable implementation of the various adaptive pathways as 

described in Section 6.2 of this report.  

Having described overall model structure, we now turn to a description of the scientific basis of modelling 

each of the primary variables and connections associated with the system model. This is the focus of the next 

section. 
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Figure 9. Schematic system model of water fluxes and storage of various components, focusing on the Barossa PWRA. Open boxes represent variables, arrows represent relationships, the green 
shaded box represents the climate inputs, and orange shaded boxes represent the system performance metrics. The primary models used to represent relationships are denoted by yellow shaded text.  
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Figure 10. System model schematic using stock-and-flow diagram representation. 
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3 Historical and Current Water Stores and Fluxes 
Using the depiction of the Barossa water resources system in Section 2.2 and particularly Figure 10, the 

following subsections describe best available knowledge on historical and current water stores and fluxes. 

The results are presented for all three delineations (Barossa PWRA, Barossa Valley and Eden Valley).  

3.1 Water into the system: Rainfall (P) 

 

Rainfall represents the primary flux of water into the region. Figure 11 shows the spatial pattern of mean 

annual total rainfall in the Barossa and Eden Valley from 1900 to 2016. There is a significant spatial gradient 

in rainfall across the regions with annual total rainfall amounts of ~720 mm in the upper reaches of the Jacob 

Creek sub-catchment to annual total rainfall amounts of ~490 mm in the Stockwell Creek area in the north. 

The spatial pattern of rainfall shown in the Figure 11 is based on SILO interpolated data grids which is a 

spatially interpolated dataset generated using all available point gauges (Jeffrey, 2001); as such, the spatial 

data shown in Figure 11 is likely to be derived from an interpolation of gauges both inside and outside the 

study areas. 

Historical rainfall: key points 

¶ Barossa PWRA had an average rainfall of 581 mm/year for the period from 1900 to 2020, with a 

significant spatial gradient ranging from 490 mm to 720 mm. The Barossa Valley annual average 

rainfall is slightly lower (552 mm/yr) whereas Eden Valley is slightly higher (599 mm/yr) 

¶ This rainfall depth corresponds to an average rainfall volume of 51 GL/yr, 65 GL/yr and 14 GL/yr 

over the planted vineyard area for the Barossa PWRA, Barossa Valley and Eden Valley 

delineations, respectively. 

¶ Barossa PWRA rainfall varied over the historical record from approximately 400 mm in a dry year 

to 800 mm in a wet year, with minor evidence of declining trend recently (low confidence). The 

average rainfall over the period from 2008-2020 was 538 mm. 
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Figure 11. Location of the SILO rainfall stations, streamflow gauges and spatial pattern of rainfall  

For modelling surface water and groundwater resources, 14 rain gauge stations in the region are used (Jones-

Gill and Savadamuthu, 2014; Li and Cranswick, 2014; Construction and calibration of a hydrological model 

for the Marne River catchment: Technical report 2021). The locations of these gauging stations are shown in 

Figure 11. The SILO patched point dataset provides continuous recorded rainfall from 1889 to present. The 

station IDs, latitude-longitudes, and annual summary statistics of the stations are shown in Table 26 

(Appendix B). All the data used in the study cover the full period of record with appropriate infilling as 

necessary.  

Monthly climatological means for rainfall in the Barossa PWRA is provided in Figure 12, and shows a distinct 

seasonal cycle, with the greatest monthly rainfall occurring over the months from approximately May to 

September, and with the months from January to March having the lowest monthly rainfall. There is also 

significant year-to-year variability, with the temporal evaluation of annual total rainfall over the period from 

1900 to 2020 shown in Figure 13. This shows an average of 581 mm/yr that is varying within a range from 

slightly less than 400 mm in a dry year to slightly above 800 mm in a wet year.  
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Figure 12. Climatological (1900 to 2020) mean (bars) and standard deviation (line) of monthly rainfall in the Barossa PWRA. 

 

Figure 13. The annual total rainfall in the Eden Valley, Barossa Valley and Barossa PWRA estimated as the arithmetic mean rainfall 
from the all the gauges in respective regions. 

The DEWNR/DEW surface water modelling reports (Jones-Gill and Savadamuthu, 2014; Montazeri and 

Savadamuthu, 2020) include an analysis of the monthly and annual patterns of the rainfall data from these 

gauges as well as a trend analysis of the historical data. The reports document the following signals: 

¶ an upward trend indicating a wetter than average period occurs from approximately 1900 to the 

early 1920s;  

¶ a relatively stable period, indicating average rainfall conditions from the early 1920s to 1960; and  

¶ a decreasing trend indicating drier than average rainfall conditions from 1960 to 2015.  

Montazeri and Savadamuthu (2020) notes a declining trend in rainfall post 1960 based on residual mass 

analysis; however, the statistical significance of the trend has not been reported. The presence of statistically 

significant trends has not been verified in this study. 

Using the conversion factors in Table 25 (Appendix A) and making the simplification that the vineyards are 

homogenously distributed throughout the region, the annual average rainfall over the vineyard areas of the 

Barossa PWRA is 52 GL/yr over the long-term record or 47 GL/yr over the period from 2008-2020, with a 

range from slightly below 40 GL in a dry year to close to 80 GL in a wet year. Similarly, the annual average 

rainfall for the Barossa Valley and Eden Valley delineations are 552 mm/yr and 559 mm/yr, respectively, 

leading to total rainfall over the planted vineyard area for each delineation of 65 GL/yr and 14 GL/yr.  
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3.2 Water into the system: External water sources 

 

Water to support agricultural activity in the Barossa and Eden Valley regions historically has been sourced 

either directly from rainfall, or indirectly through a combination of native surface and groundwater resources; 

in contrast,  external water sources traditionally have largely been a supplementary supply. Indeed, as 

described in Section 1.4, the region relied almost exclusively on rainfall-sourced water until the early-2000s. 

However, a combination of significant increases in planted area as described in Section 1.3, combined with 

decreasing rainfall patterns as described in the previous section, have led to a rapid drive over the last two 

decades to expand water supply infrastructure and bring in water from external sources. This infrastructure 

almost exclusively services the Barossa Valley region.  

The primary external sources of water are the River Murray and storm water harvested from urban areas in 

Gawler. The River Murray water is delivered through the Barossa Infrastructure limited (BIL) pipeline during 

the growing season, and the SA Water main pipeline during the off-peak (April to October) season (termed 

ά{! ǿŀǘŜǊ ƻŦŦ-ǇŜŀƪέύΦ Storm water from Gawler is delivered through the Bunyip pipeline that services the 

Seppeltsfield Vineyard in the western edge of the valley floor. 

3.2.1 Barossa Infrastructure Limited (BIL) (UBIL) 

The BIL pipeline connection is available only in the Barossa Valley wine region and services 75% of the growers 

in the region (Source: Regional Issues and Options Consultation Report). BIL has an annual capacity of 11 

GL/year as of year 2020 (BIL annual report, 2020), with the historical expansion of the BIL scheme 

summarized in Section 1.4.2.  

Figure 14 shows the total water use during the recent historical period from 2008/09 to 2019/20 (in GL/year) 

from the BIL pipeline. The data is also presented in Table 6 at the end of this section. The BIL pipeline capacity 

described in Table 2 is also plotted in the figure. The figure illustrates that the BIL pipeline has been operating 

near its capacity in recent years, except for year 2016-17 which was a higher rainfall year (more details in 

Section 5). The average 2008/09 to 2019/20 water use from the BIL pipeline is 7 GL/year.  

Historical external water: key points 

¶ The BIL pipeline represents the most significant external source of water for growers within the 

Barossa Valley, with a current pipeline capacity of 11 GL. Assuming that 80% of vineyard area in 

the Barossa Valley uses BIL water (see Table 25), the scheme has the capacity to provide an 

average of approximately 120 mm/yr to each connected vineyard.  

¶ SA off-peak water use over the period of 2008-2020 was 1.49 GL, translating to 0.9 GL for 

vineyards within the Barossa PWRA based on pro-rata estimates of vineyard area. 

¶ Bunyip water provides up to an additional 2 GL, and primarily services the Seppeltsfield vineyard. 
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Figure 14. Historical water use from external source BIL in GL/year for each water-use year (1 July to 30 June) and the BIL capacity. 

To enable comparison with other key fluxes documented in this report, it is possible to use area estimates 

from Table 25 to convert total irrigated volume into an annual irrigation depth. Focusing on the Barossa 

Valley, and assuming that: 

¶ 80% of the vineyard area within the Barossa Valley Wine Region are connected to the BIL scheme 

(this area estimate is slightly greater than the 75% of growers estimated to be connected to the BIL 

scheme described above, as we assume that larger growers are more likely to be connected to BIL), 

and 

¶ water consumption is distributed evenly amongst the connected vineyards,  

it is estimated the current BIL scheme is able to provide approximately 120 mm / year of irrigation water to 

those who have a BIL connection. Whilst this is significantly below the total annual rainfall even for a relatively 

dry year, it nevertheless represents a large proportion of the water balance, and is particularly large during 

the drier summer months when rainfall averages 20-30 mm per month (see Figure 12).  

3.2.2 SA Water Off-peak (USA) 

The SA Water main pipeline and distribution network connects to both Barossa Valley and Eden Valley wine 

regions. The off-peak service transports water from the Murray for users who hold Murray water 

entitlements only during winter when the existing load on the SA Water pipe network is low. The amount of 

water available for supply through the off-peak scheme is lower than through BIL, and averages 1.49 GL/year 

ƻǾŜǊ ǘƘŜ нллуκлф ǘƻ нлмуκмф ǇŜǊƛƻŘ ό{ƻǳǊŎŜΥ 59² 9ȄŎŜƭ ŘƻŎǳƳŜƴǘ ƴŀƳŜŘ ΨBarossa_water_use_2018-

19ΦȄƭǎȄΩύΦ  

Figure 15 shows the external water use during the recent historical period from 2008/09 to 2019/20 (in 

GL/year) from the SA Water off-peak scheme. The data is also presented in Table 6 at the end of this section.  
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Figure 15 Historical water use from external source óSA Water Off-peakô in ML/year for each water-use year (1 July to 30 June). 

Based on current maximum contracted values (Personal comms, DEW, 19 October 2021), approximately 94% 

of the SA Water off-peak demand is from users in the Barossa Valley, with the other 6% being in the Eden 

Valley.  

3.2.3 Bunyip Pipeline (UBY) 

A third source of external water in the Barossa Valley is the Bunyip pipeline that services the Seppeltsfield 

Vineyard in the western edge of the valley floor. Practically all of the water from the Bunyip pipeline (up to 

2GL) is delivered to Seppeltsfield, after taking out 50ML to service the Hewett region (Source: Barossa Wine 

and its Ecosystem report). Note that although this source cites 2GL capacity, Table 5 shows higher use in the 

2019/20 water year. The Bunyip scheme started operation in water year 2016 (Bunyip Water Pty. Ltd, n. d.), 

and secures water from a mix of storm water runoff from urban areas in Gawler and recycled water from the 

Bolivar treatment plant. Imported water volumes for the four full years of operation were available (2017/18 

to 2020/21 water years). Estimated imported water delivered to the Barossa region for vineyard use is 

summarised in Table 5 (2021, personal comms DEW, 30 November 2021).  

Table 5. Historical imported water to the Barossa region from the Bunyip pipeline 

Water-use Year Bunyip water use (in 

GL/year)*  

2017ς18 1.5 

2018ς19 1.7 

2019ς20 2.3 

2020ς21 1.9 

*50ML is removed from each imported water year total (for Hewett region) to obtain these values.  

From analysis of GIS vineyard data and region map (https://barossawine.com/wp-

content/uploads/2017/12/Barossa-Wine-Region.pdf), the Seppeltsfield vineyards are estimated to be fully 

within the Barossa Valley delineation, and 40% are within the Barossa PWRA.  

https://barossawine.com/wp-content/uploads/2017/12/Barossa-Wine-Region.pdf
https://barossawine.com/wp-content/uploads/2017/12/Barossa-Wine-Region.pdf
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3.2.4 Summary of External Water Sources 

The data presented in Figure 14, Figure 15 and Table 5 are summarised in Table 6. 

Table 6. Historical water use from external sources in the Barossa GI zone (Source: DEW excel document named 
óBarossa_water_use_2018-19ô) 

Water-use Year BIL water use (in 

GL/year) 

SA Water off-peak 

water use (in GL/year) 

Bunyip water use (in 

GL/year) 

2008ς09 4.8 1.8 - 

2009ς10 5.1 2.0 - 

2010ς11 2.3 1.4 - 

2011ς12 4.0 0.5 - 

2012ς13 7.5 1.2 - 

2013ς14 6.2 1.9 - 

2014ς15 7.3 1.7 - 

2015ς16 8.8 1.2 - 

2016ς17 5.9 1.7 - 

2017ς18 9.0 1.3 1.5 

2018-19 11.1 1.6 1.7 

2019-20 10.2* 1.5  ̂ 2.3 

*The number is based on the BIL 2020 annual report. A volume of 0.27 GL is deducted from the number from 

the BIL annual report to account for Nuriootpa Community Wastewater Management Scheme water (CWMS) 

locally recycled water, consistent with the analysis by DEW ƛƴ ǘƘŜ ŘƻŎǳƳŜƴǘ ΨBarossa_water_use_2018-

19ΦȄƭǎȄΩ ŦƻǊ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊǎΦ 

^ Information for this year is not available. This is a representative value calculated as the mean of the 

previous five years. 

3.3 Water out of the system: Streamflow (Q) 

 

Historical streamflow: key points 

¶ The primary streamflow gauge for the Barossa PWRA and Barossa Valley is at Yaldara (A5050502), 

representing 71% of the overall Barossa PWRA area. Annual average observed streamflow at this 

location was 11.7 GL/year over the period 1980/81-2019/20, with a much smaller streamflow of 

7.66 GL/year over the recent decade (2010/11-2019/20) 

¶ There is significant year-to-year variability, with annual total streamflow volume ranging from 

0.48 GL (2018/19) to 30 GL (2016/17) at Yaldara in the last decade.  

¶ Baseflow at Yaldara over the period 1990/91-2014/15 was estimated to be 1.0 GL/yr based on 

MODFLOW simulations, and 1.3 GL/yr based on application of the Lyne-Hollick filter, with the 

Lyne-Hollick filter approach showing significantly greater sensitivity to climate variability 

compared to MODFLOW. 
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3.3.1 Total Streamflow 

The Barossa and Eden Valley delineations were not developed based on catchment boundaries, and thus 

there are a large number of catchments that are partially captured within each delineation. In contrast, the 

Barossa PWRA delineation follows catchment boundaries more closely. The various delineations were 

summarized in Figure 2. 

The North Para River represents the largest single river in the region, and is the main water course in the 

Barossa PWRA. This river also represents a significant portion of the Barossa Valley delineation and the 

western portion of the Eden Valley delineation. As shown in Figure 2, the river flows from south to north in 

the eastern half of the Barossa PWRA, and then turns south west. The watercourse is typically characterised 

by ephemeral streams and seasonally disconnected permanent pools that are sustained by groundwater. 

Streamflow and salinity are mainly influenced by rainfall; lower winter rainfall results in reduced annual 

streamflow volumes (PWRA Technical Note 2019). 

The four streamflow gauging locations in the Barossa PWRA are A5050533 (N Para/Mt McKenzie), A5050517 

(North Para River at Penrice), A5050535 (Tanunda Ck/Bethany), A5050502 (N Para R/Yaldara). The data from 

these stations are used as the basis for comparison with modelled streamflow using the eWater Source model 

that has been developed to reflect surface water in the Barossa PWRA (see Section 1.5.2). The locations of 

these streamflow gauging stations are shown in Figure 11. All stations except A5050535 are located on the 

main North Para River watercourse. The principal long-term streamflow gauging station for the Barossa 

PWRA is located at Yaldara, at the outlet of the North Para catchment, and covers a catchment area of 376 

km2 out of the 528 km2 total area of the Barossa PWRA. 

The annual aggregate of streamflow at the Yaldara gauge is shown in Figure 16. The figure contains annual 

total streamflow in GL from the Source model together with recorded data downloaded from the Water 

Connect website (www.waterconnect.sa.gov.au) from 1947 to 2020. Years from the historical record missing 

more than 10% of days were removed from the analysis. Overall, this figure illustrates that Source represents 

the annual average and year-to-year variability of the historical streamflow reasonably well, although it 

appears to overestimate low flow years since the mid-1990s and underestimate flow during high flow years. 

This can also be observed in a scatter plot version of the results (Figure 17), whereby the model 

underestimates all of the high flows and overestimates all of the low flows. This is likely to have some 

implications subsequently in the climate stress test, in that Source may slightly underestimate the degree of 

variability associated with changes in climatic forcing. Annual average simulated streamflow at Yaldara was 

11.1 GL/year over the period 1980/81-2019/20, and 8.86 GL/year over the recent decade (2010/11-2019/20). 

It can also be seen that there has been a long-term decline in streamflow at Yaldara, although the statistical 

significance of this trend relative to background variability has not been assessed in this work. 

https://www.waterconnect.sa.gov.au/Pages/Home.aspx
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Figure 16. Historical annual total streamflow at Yaldara (in GL/year) for each water-use year (1 July to 30 June). 

 

Figure 17. Observed versus simulated streamflow at Yaldara from 1980/81 to 2019/20. 

The flow duration curve at Yaldara was created for both the modelled and recorded data sets (Figure 18), 

and shows that at the outflow location there is no flow at the gauge approximately 20% of the time. Analysis 

of the observed streamflow record at Yaldara shows that over the historical period from 1980 to 2020, 80% 

of the total flow comes from just 9.2% of the largest flow days. In recent years (2010 to 2020) this has 

decreased, with 80% of the total flow coming from 6.4% of the days.   
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Figure 18. Historical (1980 to 2020) and Recent (2010 to 2020) daily flow duration curve for the outflow gauge station A5050502 
(Data Source: SA Water Connect and streamflow from Source Model) 

Figure 19 shows the daily modelled streamflow hydrographs from Source for water years representative of 

a dry (2009/10), wet (2010/11) and average (2019/20) year defined in terms of total annual flow. The three 

plots in Figure 19 emphasise the significant year-to-year variability in streamflow, both in total amount and 

seasonal variability.    

 

Figure 19. Daily downstream flow  volumes at Yaldara for dry, wet and average rainfall years, from modelled (Source) time series 

The other main watercourse in the Barossa PWRA is Greenock Creek. This creek was gauged (A5050542 - 

Greenock Creek at Lienert Rd) from 2002 to 2011, but is no longer gauged. This streamflow is, however, 

represented in the Source model and gives an annual aggregate streamflow of 0.27 GL/year (1980/81 to 

2019/20) and  0.28 GL/year (2010/11-2019/20). In the recent decade, the maximum annual aggregate flow 

is 1.2 GL (2016/17) and the minimum was 0.041 GL/year (2018/19). In volume, streamflow in Greenock Creek 

is far less than at Yaldara, but follows similar year-to-year variability.  

The second largest catchment in the region is the Marne River catchment, which is located in the eastern 

portion of Eden Valley (Figure 2). This catchment is ephemeral in nature and originates in the Mount Lofty 

Ranges near to Springton and flows eastwards. The main streamflow gauging station (A4260605) on the 

Marne River is located downstream of the Marne Gorge. It is situated 5 km west of Cambrai with an upstream 

catchment area of 240 km2. The site has streamflow data available from 2001 and is currently telemetered. 

It replaces the former gauging station (A4260529) just downstream of the site. A4260529 still remains in situ 

and is used as a backup for A4260605 and has data available from 1972 to 2006.  
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The majority of the record at A4260605 is denoted as either of poor quality (theoretical rating) or the water 

level is below the recordable range. The majority of the high flows appear to be classified as good. There 

have been 18 gaugings undertaken between 2001 and 2017 and these align well to the rating curve. Further 

gaugings are required in the low (below 1.06 m stage) and high flow (above 1.35 m stage) range. The Marne 

wƛǾŜǊ ƛǎ ŜǇƘŜƳŜǊŀƭ ŀƴŘ ƘŀǎƴΩǘ ǊŜŎƻǊŘŜŘ ŀƴȅ Ŧƭƻǿ ǎƛƴŎŜ bƻǾŜƳōŜǊ нлмт ōǳǘ ǘƘŜǊŜ ŘƻŜǎ ƴƻǘ ŀǇǇŜŀǊ ǘƻ ōŜ ŀ 

datum shift or any obvious anomaly in the flow record. The streamflow record for site A4260529 and 

A4260605 have been combined to create a longer period of record to support Source modelling of this 

catchment. 

3.3.2 Baseflow 

Given the significant historical emphasis of hydrological modelling in the Barossa PWRA, most of what is 

understood regarding baseflow across the Barossa and Eden Valley regions is associated with streamflow 

within this delineation, and this is the focus of the material presented here. Surface water and groundwater 

ƛƴ ǘƘŜ .ŀǊƻǎǎŀ t²w! ƛǎ ƎŜƴŜǊŀƭƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ŀǎ ΨƘƛƎƘƭȅ ŎƻƴƴŜŎǘŜŘΩΣ ǿƛǘƘ ƭƻǎƛƴƎ όǘƻ groundwater) and 

gaining (from groundwater) stream conditions displaying strong dependence on the season and location 

(Hancock et al., 2014). Baseflow is of particular interest in the Barossa PWRA from an environmental and 

aquatic ecological asset standpoint (Cranswick et al., 2015). Groundwater is considered important in 

maintaining local surface water features (e.g., pools) in dry seasons.  

Baseflow at Yaldara (among other gauges) over the period 1994/95-2013/14 was estimated by Cranswick et. 

al. (2015) using both the Lyne-Hollick Filter and EC Mass Balance approach. From this report the Lyne-Hollick 

filter produced an annual average baseflow of 2.2 GL/year and the EC Mass Balance approach gives 0.8 

GL/year. The groundwater model of Li and Cranswick (2016) produced an annual average simulated baseflow 

at Yaldara of approximately 1 GL/year over the same period. Simulated baseflow rates from the groundwater 

model generally show good agreement with baseflow estimates based on field data and previous desktop 

analyses, although this is likely to be due to their incorporation in groundwater model calibration. 

The analysis of Cranswick et. al. (2015) was repeated here for Yaldara gauge using both MODFLOW (1991-

2015) and the Lynn-Hollick filter (1991-2020) with ǾŀǊƛƻǳǎ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŦƛƭǘŜǊ ǇŀǊŀƳŜǘŜǊ όΨŀƭǇƘŀΩύ. The 

aggregate annual values are shown in Figure 20 and with a daily timeseries plot for an individual flow year 

shown in Figure 21. From Figure 20 it can be seen that the mean baseflow estimates produced from 

MODFLOW lie within the range of the Lyne-Hollick filter curves produced by different alpha values.  

Over the period from 1990/91-2014/15, the MODFLOW model produces an annual average baseflow of 1.0 

GL/year, with relatively low levels of variability from year to year. The Lyne-Hollick filter applied on historical 

streamflow produces baseflow of 1.0, 1.3, 1.5 and 1.8 GL/year for  hvalues of 0.99, 0.985, 0.98 and 0.975, 

respectively. In all cases, baseflow based on the Lyne-Hollick filter showed greater year-to-year variability, 

implying a greater degree of sensitivity to climate drivers compared to the MODFLOW results. Note that the 

average annual baseflow estimate by Cranswick et. al. (2015) of 2.2 GL/year was derived over a different time 

period and used an h value of 0.925. A value of h =0.99 produces baseflow estimates that are closest to those 

from MODFLOW; however, as can be seen from the 2015/16 water year plot of daily baseflow (Figure 21), 

the filter with h =0.99 shows an unrealistic pattern between October and November 2015. For this particular 

time the streamflow and baseflow have the same value. In contrast, visual inspection of the hydrograph 

suggests that baseflow using =h0.925 and 0.95 follows the daily variation in streamflow more closely than 

might be expected based on typical baseflow dynamics. Therefore, the h  ǾŀƭǳŜ ǘƘŀǘ ǎŜŜƳǎ ǘƻ ōŜǎǘ ǊŜŦƭŜŎǘ ǘƘŜ 

expected daily pattern of baseflow as well as reflecting the annual volumes captured in the MODFLOW 

simulation is 0.985.   
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Figure 20. Annual (water year) aggregate baseflow (ML) at Yaldara from the Lyne-Hollick baseflow filter and MODFLOW. The filter 
alpha values represented are for Ŭ=0.95, 0.975, 0.98 and 0.99. 

 

Figure 21. Comparison of different alpha values on Lyne-Hollick filter for the 2015/16 water year 
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3.4 Water out of the system: Evaporative Demand and Actual Evapotranspiration 

 

 

Evapotranspiration represents the primary flux of water out of the system. In particular, assuming an annual 

average rainfall in the Barossa PWRA of 538mm, an annual average streamflow of 31 mm (based on the 

annual average streamflow at Yaldara of 11.7 GL/yr divided by a contributing area of 376 km2) and limited 

lateral flow of groundwater (Section 3.5), a water balance estimate would suggest that approximately 94% 

of rainfall in the region is ultimately evaporated or transpired from the region.   

Despite its importance, evapotranspiration is difficult to measure directly, and to our knowledge no accurate 

measurement of actual evapotranspiration in the region (obtained, for example, from an eddy covariance 

flux tower) is available. As such, the key quantities are inferred either using estimates of potential 

evapotranspiration calculated from atmospheric variables, or as outputs from models. Both approaches are 

summarized briefly here. Both these quantities are used to inform aspects of the system dynamics model. 

3.4.1 Potential Evapotranspiration 

Potential evapotranspiration (PET) values for the Barossa PWRA are formulated using FAO56 (Penman-

Monteith equation), from data recorded at gauge M023373, which can be seen on the map in Figure 11. The 

FAO-56 approach is based on measurements of temperature, relative humidity, wind speed and solar 

ǊŀŘƛŀǘƛƻƴΣ ŀƴŘ ƛǎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ŦǊƻƳ ŀ  ΨǊŜŦŜǊŜƴŎŜ ŎǊƻǇΩ όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ŀ ǿŜƭƭ-

watered grass of uniform height that is actively growing and completely shading the ground). This is a 

conceptual quantity (in that it does not correspond to actual conditions of the Barossa), and is used as the 

basis for estimating evaporative demand in the Source model.  As such, these PET estimates are to be used 

for indicative purposes only. More detailed evapotranspiration estimates specifically pertaining to viticulture 

crops are included in a crop model provided by SARDI, as summarized in Section 3.11.2. 

Monthly climatological means for PET in the Barossa PWRA are provided in Figure 22, and shows a distinct 

seasonal cycle, with the greatest monthly PET occurring over the months from approximately November to 

February, and with the months from May to August having the lowest monthly PET. 

Historical evapotranspiration: key points 

¶ Annual average potential evapotranspiration in the Barossa PWRA is estimated to be 1237 

mm/yr, with the recent decade being approximately 4% greater than the long-term average 

¶ Evapotranspiration from shallow groundwater is estimated to be approximately 75% of the 

groundwater recharge over the last decade, and can be greater than 100% in dry years. This is 

important as the residual is the primary water available for both baseflow and consumptive water 

use. 
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Figure 22. Climatological (1900 to 2020) mean (bars) and standard deviation (line) of monthly PET (mm) in the Barossa PWRA 

There is also significant year-to-year variability, with the annual total mean PET over the period from 1900 

to 2020 shown in Figure 23, with an average of 1237 mm/yr that is varying within a range from approximately 

1090 (1992/93) mm to 1380 mm (2007/08). No trends are visible over the full record; however annual total 

mean PET appears have been increasing in recent decades, with an average of 1253 mm/yr (1980/81 to 

2019/20) and 1276 mm/yr for the most recent decade (2010/11 to 2019/20). The cause of these trends in 

terms of the driving meteorological variables has not been investigated, and issues associated with the 

fidelity of the forcing data cannot be excluded. Nevertheless, given that there has been documented 

increases in atmospheric temperature in the region together with decreases in relative humidity, it is 

plausible that at least some of the recent increasing trend in PET is related to climate change.   

 

Figure 23. The annual total mean PET (mm) in the Barossa PWRA from the gauge 23373. 

3.4.2 Groundwater Evapotranspiration  

Evapotranspiration of shallow groundwaterτdistinct from that of surface water or water in the unsaturated 

zoneτis thought to alone comprise a non-trivial part of the Barossa PWRA water balance. Regional-scale 

groundwater ET estimates across the Barossa PWRA are available only from groundwater modelling of Li and 

Cranswick (2016). A large proportion of groundwater recharge from rainfall discharges as groundwater ET 

(simulated annual groundwater ET rates are on average 75% of rainfall recharge, and varies between 58% of 

rainfall recharge in wet years such as 2009 and 104% of rainfall recharge in dry years such as 2012) (Figure 
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24). While simulated groundwater ET rates display significant annual variability (approximately 6 to 15 

GL/year), relatively stable longer-term trends are apparent (mean of approximately 9 GL/year).  

 

Figure 24. Annual (water year) aggregate groundwater ET (ML) across Barossa PWRA. Corresponding groundwater recharge rates 
(Section 3.7 given for reference). 

3.5 Water through the system: Lateral groundwater inflow/outflow 

Groundwater within both the lower sedimentary aquifer and fractured rock aquifers interacts with 

groundwater located outside of the Barossa PWRA, within fractured rock aquifers to the east (Barossa 

Ranges) and to the west. Aquifers to the east of the Barossa PWRA are thought to serve as a source of water, 

particularly to the lower aquifer in dry years when higher abstraction occurs. This is supported by 

groundwater salinity data (Li and Cranswick et al., 2016). Aquifers to the west exhibit less interaction with 

groundwater within Barossa PWRA. 

While the magnitude of these interactions are not well known, it is currently understood that these 

interactions make up a small component of the overall Barossa PWRA water balance (net annual average 

rate of approximately 0.03 GL overall) (Li and Cranswick, 2016). Therefore, lateral water exchange through 

aquifers is not considered further from a water balance perspective in this report. 

3.6 Within system flux: Water use from native sources 

 

Historical water usage from native sources: key points 

¶ Annual total licensed surface water extractions have more than halved over the last decade for 

the Barossa PWRA delineation to 0.9 GL/yr in the 2020 water year, and have also declined in 

recent years for both the Barossa and Eden Valleys to values of 0.46 GL and 0.7 GL, respectively, 

in 2020. Total usage has been consistently well below both farm dam capacity and licensed 

allocation.   

¶ Farm dam consumption for stock and domestic usage is unlicensed, and although estimates are 

available for unlicensed consumption, little is known about trends over time. 

¶ In contrast to surface water, groundwater extractions have increased over the recent decade in 

the three delineations, with 2020 extractions estimated to be 4 GL, 3 GL and 1.15 GL in the 

Barossa PWRA, Barossa Valley and Eden Valley, respectively. Extractions remain less than half the 

available allocations. 
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Water from native surface and groundwater resources in the Barossa PWRA, Barossa Valley and Eden Valley 

is used predominantly for irrigation, stock and domestic uses.  

The amount of water used for irrigation in the three delineations from native sources is assessed based on 

licensed allocations. The water used per the license from both groundwater and surface water resources is 

metered. Data of the historical irrigation water allocation and water use in the Barossa PWRA are made 

available for this project by DEW for the six water years 2014-15 to 2019-20. In addition to the licensed 

extractions, some further unlicensed extractions are known to occur for stock and domestic uses. This same 

data was extracted for the Barossa and Eden Valley regions from Water Information and Licensing 

Management Application (WILMA) data for the Barossa PWRA, Marne & Saunders PWRA and Western Mount 

Lofty PWRA.  

3.6.1 Surface water 

Surface water is extracted from farm dams and water courses, with irrigation uses subject to license, whereas 

stock and domestic uses are unlicensed. Licenses specify the maximum amount of water that users can 

extract from surface water sources each year; the amount of water specified in the licenses is termed 

ΨallocationΩ. Users can extract licensed surface water from farm dams and watercourses in the region up to 

the licensed amount; the amount of water that the users extract are metered and the meter readings indicate 

the licensed ǿŀǘŜǊ ΨuseΩ ŘǳǊƛƴƎ ŜŀŎƘ ȅŜŀǊΦ  

Information on surface water allocation and use in the Barossa PWRA  has been obtained from three sources 

of information received from DEW: 

¶ Surface water modelling report (Jones-Gill and Savadamuthu, 2014). 

¶ Licensed allocation by license number and water use by meter id for the past six water-years from 

2014-15 to 2019-20. 

¶ Aggregate water-use during water-years 2004-05 to 2018-19. 

Table 7 lists the volume of licensed surface water allocation and water use from the three sources of 

information provided by DEW specifically for the Barossa PWRA. This data shows surface water allocation for 

irrigation is in the order of 3.8 GL/yr (2005-13 data) or 4.0 GL/year (2014-мр Řŀǘŀ ŜȄŎƭǳŘƛƴƎ ΨǊƻƭƭƻǾŜǊΩ ŀƴŘ 

industrial uses); the corresponding average usage estimates range from 2.0 GL/yr (2005 to 2013) to 1.3 GL/yr 

(2014/15 to 2019/20). As mentioned previously, a constant value of 1.1 GL/year is assumed for stock and 

domestic use, which is not included as part of the licensed data described in Table 7 as this water use is not 

limited by license. 

The metered water use data was used as the basis for assigning surface water demand in the eWater Source 

model (Jones-Gill and Savadamuthu, 2014). The 2005-2013 average water use data, along with additional 

assumed stock and domestic use, is used to assign ΨǿŀǘŜǊ ŘŜƳŀƴŘΩ ƛƴ ǘƘŜ ƳƻŘŜƭ (Jones-Gill and Savadamuthu, 

2014). The volume of water supplied during model simulations can be less than or equal to this assigned 

demand depending on the available water during specific years. Moreover, the assumed unlicensed stock 

and domestic water demand of 1.1 GL/year has been added to obtain the total historical water demand used 

as part of the Source modelling (Jones-Gill and Savadamuthu, 2014; Barossa water use data provide by DEW 

19/10/2020). 
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Table 7. Volumes of licensed surface water allocation and use from different sources of information for the Barossa PWRA. The 
assumed unlicensed stock and domestic use is not shown in the table. 

Source of Information Description Total Irrigation 

Water  

(in GL/year) 

Report (Jones-Gill and 

Savadamuthu, 2014) 

2005 to 2013 average water use  2.0 

2005 to 2013 average water allocation 3.8 

License data received from 

DEW on 19/10/2020  

2014-15 to 2019-20 average water use 1.3 

2014-15 to 2019-20 average water allocation 5.21 

eWater Source Model Water supplied each year in the historical 

simulation, average 2008-09 to 2019-20 

1.82 

1 ¢ƘŜ ŀƭƭƻŎŀǘƛƻƴ ƛǎ ƳŀŘŜ ǳǇ ƻŦ п D[ ƻŦ ƛǊǊƛƎŀǘƛƻƴΣ лΦу D[ ƻŦ ΨǊƻƭƭƻǾŜǊΩ όǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ŀƭƭƻŎŀǘƛƻƴύ ŀƴŘ лΦо D[ ƻŦ ƛƴŘǳǎǘǊƛŀƭ 
water use. 
2 This includes up to 1.1 GL/yr of assumed stock and domestic use. 

There is inter-annual variability in the surface water use that is influenced by factors such as the amount of 

surface water available for use, together with irrigation requirements. Figure 25 shows the water use from 

surface water sources during the recent historical period from 2008/09 to 2019/20 (in GL/year). The figures 

are created using the annual water use numbers received from DEW (pers. comms. 19/10/2020). For the 

water year 2019-20 the numbers calculated from the license data are used. The total surface allocation 

volume for the last six water years available from the license data is also shown in the figure.   

A best-fit linear regression to the surface water extractions shows a decrease of 0.08 GL/year. The higher 

surface water extraction of 2.1 GL/year in 2008-09 decreases to the lowest value of 0.8 GL/year in year 2019-

20. The surface water usage in the last two years is less than half of the pre-2010 usage.  

 

Figure 25. Historical licensed irrigation water use from surface water sources for each water-use year (1 July to 30 June) for the 
Barossa PWRA. 

 

 



37 

For the Barossa Valley and Eden Valley delineations, information of surface water allocation and use was 

extracted from WILMA. Average allocation and use over 2010/11 to 2019/20 period and is summarised Table 

8.  

Table 8. Average surface water allocation and use for the recent decade (2010/11 to 2019/20) for the Barossa and Eden Valley 

Region 
Surface Water (licensed) [GL] Surface water (unlicensed) [GL] 

Allocation Use Estimated Use 

Barossa Valley  2.5  0.68 0.89 

Eden Valley  3.6 1.05 0.93 

 

Figure 26 shows the change in licensed water allocation and use over the recent decade (2010/11 to 2019/20) 

for the Barossa and Eden Valleys. It can be seen that although surface water allocation is increasing in both 

regions, licensed surface water use is decreasing. Unlicensed surface water use is assumed to be constant 

over the period, and is assumed to be 30% of the unlicensed dam capacity in the respective regions (Water 

Allocation Plan Barossa Prescribed Water Resources Area, 2009).  

 

Figure 26. Change in licensed surface water use and allocation over the recent decade (2010/11 to 2019/20) for the Barossa and 
Eden Valley regions 

3.6.2 Groundwater 

The majority (typically 60%) of groundwater abstraction in the Barossa PWRA occurs from the fractured rock 

aquifers. Approximately equal amounts (typically 20%) of groundwater is abstracted from the upper and 

lower sedimentary aquifers. Groundwater is almost exclusively abstracted during summer to meet irrigation 

demand. For Eden Valley, the fractured aquifer extent covers the whole region. 

Recent groundwater use for the Barossa PWRA (for the period 2010-11 to 2019-20) is shown in Figure 27. 

Groundwater usage varies considerably from year to year (from 1.3 to 4.4 GL over the period 2010 to 2019). 

This variability primarily reflects the availability, price and quality of other water sources. Importantly, total 

groundwater usage is not limited by allocation (Figure 27); the total annual allocation has always been above 

the total annual usage, with total annual allocation being relatively stable and above 6 GL over this period 
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(Cranswick et al., 2015) (Figure 27). Ground water use is also not limited by allocation in the Barossa Valley 

and Eden Valley delineations (Figure 28).  

Figure 27 and Figure 28 also shows an increase in groundwater use in recent years for all three delineations. 

In the Barossa PWRA, the groundwater use has reached approximately 4 GL/year in the last couple of years. 

The slope of a linear regression line-of-best-fit is 0.25 GL/year. Groundwater use also shows a strong negative 

correlation with annual average rainfall over this period (e.g., a regression line slope of -4.5 ML abstraction 

per mm rainfall with an R2 value of 0.65), highlighting that groundwater use occurs at least partially in 

response to rainfall deficits over the period of investigation. 

 

Figure 27. Recent licensed groundwater use data for the Barossa PWRA for each water-use year (1 July to 30 June).  
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Figure 28. Historical metered use and allocation of groundwater for the Barossa and Eden Valley delineations  

 

3.7 Within system flux: Groundwater Recharge 

 

DǊƻǳƴŘǿŀǘŜǊ ǊŜŎƘŀǊƎŜ όŀƭǎƻ ǘŜǊƳŜŘ ΨǊŀƛƴŦŀƭƭ ǊŜŎƘŀǊƎŜΩύ ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ƎǊƻǳƴŘǿŀǘŜǊ 

resources within the Barossa PWRA, both from a water quantity and water quality standpoint. As a result of 

the relatively low lateral influxes of water into the Barossa PWRA aquifers (Section 3.5), groundwater 

recharge is considered to be the primary source of fresh water into the aquifer system. 

Recharge rates in the Barossa PWRA are highly variable both in space and time. Spatial recharge variability is 

ŘǊƛǾŜƴ ōȅ ǎƻƛƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅΣ ǊŀƛƴŦŀƭƭ ΨƎǊŀŘƛŜƴǘǎΩΣ ǘƻǇƻƎǊŀǇƘȅΣ ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ǾŀǊƛƻǳǎ ƻǘƘŜǊ ŦŀŎǘƻǊǎΦ ¢ƘŜ ǎǇŀǘƛŀƭ 

distribution of groundwater recharge (on a time-averaged basis) has been estimated by Cranswick et al. 

Historical groundwater recharge: key points 

¶ Groundwater recharge is the primary flux of water into the aquifers, with lateral fluxes 

considered negligible. The estimated annual average recharge between 1990 and 2015 is 13 

GL/yr, with significant year-to-year variability. 
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(2015) using the widely-applied chloride mass balance method, yielding spatial recharge rates between 7.5 

and 68 mm/year. These estimates were then updated by Li and Cranswick (2015) through groundwater 

model calibration on the basis of time-averaged hydraulic observation data.  

Simulated annual groundwater recharge rates across the Barossa PWRA during the period 1990τ2015 vary 

between approximately 6 and 24 GL, with a mean of 13 GL (Figure 24). The temporal variability in recharge, 

owing to rainfall variability, depth to water table changes, soil moisture etc., was estimated by Li and 

Cranswick (2016) using the departure-from-(long-term) mean annual rainfall as well as multipliers assigned 

to five annual rainfall ranges (<400, 400-500, 500-600, 600-700, >700 mm/year).   

3.8 Storage: Farm dams 

 

 

Farm dams are used in the region to capture surface water for irrigation, stock, and domestic uses. As 

discussed previously, the dams used for irrigation are licensed and water use is metered. The dams used to 

cater to stock and domestic water demands are not licensed, and the capacities of these non-licensed dams 

are estimated based on aerial surveys (Jones-Gill and Savadamuthu, 2014) and incorporated into the eWater 

Source model. The total number and capacity of farm dams across the three delineations are summarized in 

Section 1.4.1, with the full region (comprising both the Barossa and Eden Valley delineations) having an 

estimated 3230 farm dams, comprising a total storage capacity of 14.34 GL, of which 8.27 GL (58%) is licensed.   

To understand typical farm dam dynamics, we summarise several key elements of farm dam behaviour based 

on the eWater Source surface water model developed for the Barossa PWRA. The model contains a total of 

399 farm ΨdamsΩ represented using the farm dam plugin in Source, with a  total dam capacity modelled in the 

Source model of 8.25 GLτslightly lower than the total Barossa PWRA farm dam volume estimated by 

(Montazeri and Savadamuthu, 2020). The simulation is initialised with dams at 75% capacity. The data from 

the historical simulation for the period from the 1980/81 water year to the 2019/20 water year based on an 

estimate of present-day constant dam configuration and demands is used to explore farm dam dynamics, 

and thus provides an illustration of what would have occurred had the present-day settings been subject to 

the weather patterns over the period of record. 

A time series of annual dam storage volume (both the maximum storage within each year, together with the 

mean storage) estimated by the eWater Source model is shown in Figure 29. The mean annual average farm 

storage from 1980/81 to 2019/20 is 3.18 GL and the mean annual maximum farm dam storage is 4.45GL. 

There is a clear decreasing trend in storage volume over this time, with the average storage in the dams being 

less than half the aggregated dam storage capacity. Based on the Source simulations, the 2019/2020 water 

year was the driest over the record. 

Within-year dynamics are shown in Figure 30, which presents daily total farm dam storage in Source for water 

years representative of a wet (2010-11), dry (2019-20) and average (2009-10) year. As can be seen, typical 

farm dam volumes exhibit significant seasonality, which roughly corresponds to the seasonal cycle. Even for 

a relatively wet year, the maximum total farm volume is only about 60% of the total dam capacity. 

 

Historical farm dam storage: key points 

¶ The estimated annual average and annual maximum farm dam storage volume in the Barossa 

PWRA is 3.18 GL and 4.45 GL, respectively, with evidence of declining trends. The storage level is 

consistently well below total farm dam capacity in this region. 
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Figure 29. Historical (1980/81-2019/20) annual average, annual maximum and farm dam storage capacity for each water-use year (1 
July to 30 June) in GL, as modelled in Source. 

 

Figure 30. Total Farm Dam Storage in GL (modelled daily) for a representative wet, dry and average year 

3.9 Storage: Groundwater storage 

While groundwater REL recommendations have been put forward by Cranswick et al. (2015, 2016) (3.1 to 3.6 

GL/year), estimates of total amount of groundwater storage volume have not yet been reported. To estimate 

the amount of groundwater storage, groundwater heads need to be analysed in combination with aquifer 

hydraulic properties.  

Groundwater heads in the Barossa PWRA display pronounced seasonal variability (Figure 31). This variability 

can be attributed to both climate (e.g., rainfall recharge variability) and water use (e.g., groundwater 

abstraction during summer months for irrigation purposes). Larger seasonal variabilities (>5 m) are generally 

reflective of groundwater abstraction impacts. The influence of groundwater abstraction is apparent in all 

aquifers across much of the Barossa PWRA. 
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On a longer-term basis, groundwater heads generally display largely stable trends across much of the Barossa 

PWRA, including prior to 1990 (Cranswick et al., 2015). Historical groundwater abstraction has not resulted 

in widespread inter-annual declining groundwater heads. Long-term declines, however, have been observed 

in several observation wells across all aquifers (five to 10 wells in total), and these declines are thought to 

reflect relatively localised groundwater abstraction impacts. It is also worth noting that there have been no 

significant changes in shallow groundwater level trends reported. This means that the impact of historical 

changes/increases in irrigation have not been observed in terms of groundwater levels. 

 

Figure 31. A selection of representative groundwater hydrographs identified by Li and Cranswick (2017) to capture overall Barossa 
PWRA groundwater trends (from Li and Cranswick (2016)). óAHDô refers to the Australian Height Datum (approximately equal to 

mean sea level). Subplot titles are the observation well identifiers. 

Total groundwater storage within the Barossa PWRA and its variability in time is estimated here using 

simulated heads from the groundwater model of Li and Cranswick (2016), together with calibrated aquifer 

storage property parameter values. Mathematically the amount of water stored in aquifers represented in a 

groundwater model is given by (e.g., Knowling et al., 2015): 

Ὓὦ ЎὼЎώ       ÕÎÃÏÎÆÉÎÅÄ ÁÑÕÉÆÅÒ 

ὛὦὌЎὼЎώ       ÃÏÎÆÉÎÅÄ ÁÑÕÉÆÅÒ 

where Sy is the aquifer specific yield (-) όŜǉǳƛǾŀƭŜƴǘ ǘƻ ΨŜŦŦŜŎǘƛǾŜΩ ǇƻǊƻǎƛǘȅύΤ Ss is the aquifer specific storage 

(m-1); b is the aquifer (saturated) thickness (m); H is the height of the potentiometric surface above the top 

of the (confined) aquifer (m); n is the number of model grid cells; ɲxɲy is the area of each model grid cell 

(here equal to 104 m2).  

Figure 32 shows the time series estimate of total groundwater stored within both unconfined and confined 

aquifers within the Barossa PWRA. The year-to-year variability represents an aggregated form of the 

hydrographs in Figure 31. For reference, 690 GL is equivalent to a water column of approximately 1.3 m 

height over the Barossa PWRA area (528 km2).  
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Figure 32. Time series estimates of total groundwater storage in the Barossa PWRA based on calibrated groundwater model of Li 
and Cranswick (2016). 

3.10 Summary of Historical Water Consumption  

The historical water consumption for the Barossa PWRA, Eden Valley and Barossa Valley regions are 

presented in the following sections. This includes surface water extraction (both licensed and unlicensed), 

groundwater extraction, and supply from the BIL and SA Water off-peak schemes. As the Eden Valley is not 

connected to any pipeline schemes with the exception of a small contribution of the SA Water off-peak 

scheme, water supply in this region comes almost exclusively from native sources.   

Data on licensed and unlicensed surface water, and licensed groundwater in the Barossa PWRA was taken 

from multiple sources as detailed in Sections 3.6.1 and 3.6.2. The licensed surface and groundwater use data 

for Barossa and Eden Valley were extracted from WILMA, and are taken from Barossa PWRA, Marne & 

Saunders PWRA and Western Mount Lofty PWRA regions. Unlicensed surface water extraction, presumed to 

be used for stock and domestic purposes, is estimated from unlicensed farm dam capacity (as detailed in 

Section 3.6.1). The BIL and SA water off-peak water use data is from recorded usage as mentioned in Sections 

3.2.1 and 3.2.2 respectively.  

3.10.1 Barossa PWRA 

The historical water use from 2008/09 to 2019/20 is shown in Figure 33. It is assumed that the full BIL capacity 

supplies the Barossa Valley region. For the Barossa PWRA, the area of vineyards that are in both the Barossa 

PWRA and Barossa Valley (74.9 km2) are divided by the total area of vineyards in the Barossa Valley (117.5 

km2) to estimate that 64% of the BIL capacity supplies the Barossa PWRA. Similarly, as discussed in Section 

3.2.3, it is estimated that around 40% of the Seppeltsfield vineyards lie within the PWRA, and hence 40% of 

the Bunyip supply is assumed to be attributed to this region.  

Total water use ranges from 6.5 GL in a wet year (2010/11) to over 16GL in a very dry year (2018/19). It can 

be seen that there is an increasing trend in water use, with a greater proportion of this is coming from the 

external water supply sources in recent years. Use from surface water sources also appears to be decreasing, 

which may be due to reduced availability of this water source during drier years.   
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Figure 33. Observed water use in the Barossa PWRA from 2008/09-2019/20 

3.10.2 Barossa Valley 

The Barossa Valley water use from 2010/11 to 2019/20 is shown in Figure 34. The Barossa Valley has very 

similar year-to-year variability as the Barossa PWRA, which is expected as they are significantly overlapping 

regions. The water use ranges from 6GL (2010/11) to 20GL (2018/19). Less surface water and groundwater 

extraction is observed in the Barossa Valley than for the Barossa PWRA, and extraction from external sources 

is larger as the full use from these sources is assumed for the Barossa Valley.  

 

Figure 34. Observed water use in the Barossa Valley from 2010/11-2019/20 

3.10.3 Eden Valley 

The Eden Valley water use from 2010/11 to 2019/20 is shown in Figure 35. As expected, due to lack of 

external sources, there is a much larger proportional use of water from the native surface water and 



45 

groundwater sources compared to the other delineations. Water use ranges from 1.8 GL (2010-11) to 3.3GL 

(2016-17), and has some similarities to the year to year variability as the Barossa PWRA and Barossa Valley. 

As there is no supplementary pipeline in the Eden Valley, water use is limited by the quality and availability 

of native sources, so very dry years may not necessarily have the highest water use if this water was not 

available.  

 

Figure 35. Observed water use in the Eden Valley from 2010/11-2019/20 

3.11 Demand estimation  

Human demand for water represents a key element of the overall system water balance, and two 

complementary methods for estimating demand are discussed here. Both methods explicitly seek to relate 

demand to climate variables, in the same manner that approaches to model surface water and groundwater 

supply (i.e. Source and MODFLOW) have explicit relationships with precipitation and potential 

evapotranspiration. The development of this relationship between climate and demand represents a critical 

foundation for subsequent climate stress tests. The theoretical basis for both demand models are described 

below.   

3.11.1 Regression-based demand estimation 

A simple water demand model has been developed that is driven by climate variables and calibrated to recent 

(2009-2020 for the Barossa PWRA, 2011-2020 for the Barossa and Eden Valleys) water use data. The 

conceptual basis for this model is that recent water consumption provides a quantitative basis for estimating 

actual demand in the region. By linking historical water consumption with climate variables, the model 

provides a basis for estimating demand (e.g., total or from imported sources) under plausible future changes 

in climate.  

Mathematically the model takes the form:  

Ὀ ‍ ‍ ὑὖὉὝὖ ‐ 

 ‐ ͯ ὔπȟ„ 

where D ƛǎ ǘƘŜ ƛǊǊƛƎŀǘƛƻƴ ǿŀǘŜǊ ŘŜƳŀƴŘΣ ʲ0 ŀƴŘ ʲ1 are the linear regression coefficients, Kc is a crop coefficient 

(a value of Kc = 0.55 was found to produce a best-fit) and ‐ ƛǎ ǘƘŜ ΨǊŜǎƛŘǳŀƭΩ ōŜǘǿŜŜƴ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ŀƴŘ ŀŎǘǳŀƭ 

water use, which is assumed normally distributed. The (Kc * PET ς P) term constitutes an irrigation demand 

prediction based on annual climate factors and Kc only, assuming that the difference between the estimated 
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evapotranspiration and rainfall represents the irrigation demand. Note that a slightly stronger correlation 

between recent annual water use and demand can be achieved when considering only summer P and PET; 

however, as described in Section 2, the stress-test assessment to be conducted herein predominantly 

employs an annual temporal resolution. The demand model therefore requires P and PET inputs on an annual 

basis rather than on a seasonal basis. 

We expect good agreement between estimated demand based on the regression model and recent water 

use (on which the estimated demand is calibrated). However, plausible climate futures are likely to encounter 

water resource limits that have only recently been encountered in reality (i.e., in 2013 and 2019, where BIL 

capacity was reached, as shown in Figure 14). Such dynamics mean that this simple demand regression model 

will require careful extrapolation when making demand estimates in the future. It is for these reasons that 

the uncertainty associated with the regression model is assessed. We therefore not only determine best-fit 

model regression coefficients, but also the stochastic model error term ‐ (given above), which can 

subsequently be used to explore demand uncertainty. 

This regression relationship makes the following key assumptions: 

¶ The effect of the two years where water resource limits were exceeded (i.e. 2013 and 2019) on 

regression parameters were relatively limited (this would be valid if the actual demand was only 

slightly greater than available water supply); and 

¶ Historical demand behaviours will remain constant into the future such that the relationship 

between climate and demand ǊŜƳŀƛƴǎ ΨǎǘŀǘƛƻƴŀǊȅΩΦ 

In practice, the first assumption may mean that the actual regression slope is somewhat steeper than 

estimated here; in other words, this model may slightly underestimate demand sensitivity to climate. This is 

particularly because there may be an inverse yield response to compensate for decreased water availability, 

ǿƛǘƘ ȅƛŜƭŘǎ ǿŜƭƭ ōŜƭƻǿ ǘƘŜ ŀǾŜǊŀƎŜ ƛƴ ŘǊȅ ȅŜŀǊǎ ƛƴŘƛŎŀǘƛƴƎ ǇƻǘŜƴǘƛŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ΨƭŀǘŜƴǘΩ ŘŜƳŀƴŘǎ ŘǳǊƛƴƎ ǘƘƻǎŜ 

years (cf. Figure 5) 

3.11.2 Process-based demand estimation 

In order to contrast empirical water use demand estimates with daily irrigation demand estimates based on 

hydroclimate variables and biophysical processes and/or relationships, we adopt a recently developed wine 

grape irrigation demand model (Phogat et al., 2020). The two demand models are intended to be used in 

combination given their distinct natures, strengths and weaknesses. 

The irrigation demand model of Phogat et al. (2020) employs the FAO-56 dual crop coefficient (DCC) approach 

(i.e., plant transpiration and soil evaporation are computed separately; Allen et al., 1998). The model runs on 

daily basis and treats each year independently (i.e. persistence from year-to-year in, for example, soil 

moisture stores or vine demand, is neglected). Despite its physical basis, the model (referred to herein as 

ΨC!h-рс 5//Ωύ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ǎƛƳǇƭŜ ŀƴŘ Ŝŀǎȅ ǘƻ ŀǇǇƭȅ, particularly when compared to crop-soil models (e.g., 

Knowling et al., 2021). 

The FAO-56 DCC model requires daily weather input variables including: rainfall, (reference) 

evapotranspiration, minimum relative humidity and wind speed. Several static model parameters were 

specified in order to reflect typical wine grape grower practices across each of the delineations, including 

Ψmanagement associated decisionsΩ (MAD) related to soil water deficit to trigger irrigation during different 

stages of crop development, and Ψavailable waterΩ (AW) which is equivalent to AWHC following Robinson and 

Sandercock, 2014).  

This model makes the following key assumptions: 

¶ Irrigated viticulture is the primary demand; and  
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¶ The overall relationship between climate and irrigation behaviour will remain constant (i.e. no major 

changes in vineyard varieties, irrigation practices etc relative to the period from 2009-2020) 

3.11.3 Results 

In this section, results are presented for the Barossa PWRA (Figure 36), Barossa Valley (Figure 38) and Eden 

Valley (Figure 39). The mm to GL conversion in each plot assumes a constant area of vineyards within each 

delineation (87.2 km2, 117.5 km2 and 23.2 km2 for the Barossa PWRA, Barossa Valley and Eden Valley 

delineations, respectively) for all sources. Note that the volumetric version of the models do not make any 

assumptions on the nature of the demand; however, conversion to (in the case of regression-based demand) 

and from (in the case of process-based demand) depth average estimates requires the assumption that 

demand is dominated by irrigated viticulture. The coloured bars represent the observed water use (as in 

Figure 33 to Figure 35), with the black line representing the regression-based demand, and the orange line 

representing the process-based demand (with stock added to the model results later on). The parameters 

used as a result of calibrating both the regression and process based models is summarised in Table 9.    

Table 9. Summary of model parameters used for the Barossa and Eden Valleys 

 Regression-based demand FAO-56 DCC Model 

♫  ♫  AW (mm) MAD initial (%) MAD final (%) 

Barossa PWRA 9.366 0.145 135 85 70 

Barossa Valley  9.864 0.129 160 85 85 

Eden Valley  2.485 0.902 160 85 80 

 

Results for the Barossa PWRA (Figure 36 and Figure 37) show a good agreement between estimated demand 

based on the regression model and recent water use (on which the estimated demand was calibrated). The 

scatter about the regression line of best fit (Figure 37) likely reflects a combination of factors including inter-

annual aspects of the hydrologic system, as well as changes in water user preferences, market demands, and 

so forth. While the estimated demand is unbiased in a first order sense over this time period, it can be seen 

that, due to the increased total water use over the last five years (2016 to 2020), estimated demand 

underestimates water use by approximately 1.0 GL on average over this latter period.  

In contrast to the regression model, the FAO-56 DCC model displays significantly higher inter-annual 

variability, corresponding to different growing seasons, ranging from 0 mm (stock and domestic demand 

added in post to give 12.7mm) for wet years (2011) to 270 mm (283 including stock) for dry years (2013). The 

larger variability in irrigation demand based on the FAO-56 DCC model compared to the regression model is 

somewhat expected given the less aggregated nature of this model. Despite this, the year-to-year variability 

in irrigation demand between the two models shows consistent patterns. As expected, the average annual 

irrigation demand from the FAO-56 DCC model (121 mm) is similar to that obtained from the regression 

model (121 mm, excluding stock and domestic use), due to calibration of both models to historical water use 

data (average annual of 121 mm excluding stock and domestic use). 
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Figure 36. Comparison of recent water use from different sources (coloured bars) and estimated demand from regression model 
(black line) and FAO56-DCC model (orange line) shown as depths (mm; right vertical axis) and volumes (GL; left vertical axis) in the 

Barossa PWRA. 

 

Figure 37. Comparison of regression on observed water use of the regression-based (blue) and process-based (red) model results 

Figure 37 shows that for the Barossa PWRA, both models fit the average well (regression model R2 of 0.65, 

and SARDI model R2 of 0.59), although the regression based demand shows much lower sensitivity. The 

process-based model is much more sensitive to climate forcings, and thus has a larger range of estimated 

demand, which is much higher than use in dry years and lower than use in wet years. As the process-based 

model is a crop model, this could suggest that growers tend to irrigate more than necessary in wet years, and 

may have been unable to water as much as needed in dry years. Note that cases where the SARDI model 
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provides demand estimates that exceeds water use corresponds to the years where BIL capacity was reached 

(Figure 14). 

To further explore possible differences between the regression model and the FAO-56 DCC model, an 

adjusted regression model was explored in which it was assumed that for the recent period, winegrape 

growers were actually pursuing a consistent yield target of 5 T/ha. Using crop water production relationships 

(Section 7.7) that assumes each ML/ha of water leads to an additional three tonnes of yield, the water 

demands associated with the difference between actual yield (Figure 5) for each year and the hypothetical 

ΨǘŀǊƎŜǘΩ ȅƛŜƭŘ ŎƻǳƭŘ ōŜ ŎŀƭŎǳƭŀǘŜŘΦ ¢Ƙƛǎ ŘƛŦŦŜǊŜƴŎŜ ǿŀǎ ŀŘŘŜŘ ǘƻ ǘƘŜ ǊŜƎression results, providing an 

approximate estimate of possible water demands had the growers sought to achieve consistent yields from 

one year to the next. Although the assumptions underpinning this analysis are very simplistic, it is interesting 

to note that the variance of the yield-adjusted regression in Figure 36 appears more similar to the FAO-56 

DCC model compared to the standard regression results, providing some additional support for the notion 

that growers may have been adjusting yield targets to account for water limitations in dry years. 

The results for the Barossa Valley and Eden Valley delineations are shown in Figure 38 and Figure 39. Similar 

to the Barossa PWRA, the regression-based model matches the average well, but can overestimate or 

underestimate demand in given years. The R2 for the Barossa Valley regression is 0.53 and for Eden Valley it 

is R2=0.74. In contrast, whereas by design the process-based model matches the averages well, the model is 

much more sensitive and has a larger amplitude of predicted demand compared to the regression-based 

model.   

 

Figure 38. Comparison of recent water use from different sources (coloured bars) and estimated demand from regression model 
(black line) and FAO56-DCC model (orange line) ) shown as depths (mm; right vertical axis) and volumes (GL; left vertical axis) in 

the Barossa Valley 
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Figure 39. Comparison of recent water use from different sources (coloured bars) and estimated demand from regression model 
(black line) and FAO56-DCC model (orange line) ) shown as depths (mm; right vertical axis) and volumes (GL; left vertical axis) in 

the Eden Valley 
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4 Future climate stressors 
In this section we take a multiple-lines-of-evidence approach to exploring possible future climate scenarios, 

defined in terms of the climate variables that have the potential to impact upon water supply and demand 

in the Barossa and Eden Valleys; namely, rainfall, potential evapotranspiration and temperature. The three 

primary lines of evidence are described first, followed by a summary of projections for each climate variable.  

4.1 Sources of Climate Information 

4.1.1 Climate Change in Australia (CCIA) 

The Climate Change in Australia (CCIA; CSIRO and Bureau of Meteorology, 2015) report and web interface 

provides nationally consistent projections of future climate change for a broad range of atmospheric 

variables, ŀƴŘ ǘƘŜǎŜ ƘŀǾŜ ōŜŜƴ ǇǊŜǎŜƴǘŜŘ ŦƻǊ ǊŜƎƛƻƴǎ ŘŜŦƛƴŜŘ ōȅ !ǳǎǘǊŀƭƛŀΩǎ natural resource management 

(NRM) delineations. The projections are based on a subset of the CMIP54 suite of model simulations that 

have been determined to perform well over Australia.  

The results presented in this report have been synthesized from the CCIA Report ς Southern and South-

Western Flatlands (East) (Hope et al. 2015). Projections for annual, seasonal and monthly data are available 

for 20-year time slices centred on 2030, 2050, 2070 and 2090, and are presented as changes relative to a 

1986-2005 baseline. The projections are provided as median values and the 10-90th percentile range.  

4.1.2 Climate Ready SA (CR-SA) 

Ψ/ƭƛƳŀǘŜ wŜŀŘȅ {!Ω ό/w-SA) is a dataset containing projections for large parts of South Australia, capturing 

information at the daily timescale for six separate climate variables: rainfall, temperature maximum, 

temperature minimum, areal potential evapotranspiration, solar radiation and vapour pressure deficit. The 

data includes two emissions pathways (RCP 4.5 and 8.5, ǊŜǇǊŜǎŜƴǘƛƴƎ ΨƛƴǘŜǊƳŜŘƛŀǘŜΩ ŀƴŘ ΨƘƛƎƘΩ ƎǊŜŜƴƘƻǳǎŜ 

gas concentration pathways). ¢ƘŜ ŘŀǘŀǎŜǘ Ƙŀǎ ōŜŜƴ ŘƛǾƛŘŜŘ ƛƴǘƻ ΨǇǊƻƧŜŎǘƛƻƴǎΩ ǎǇŀƴƴƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ нллс 

to 2100, together with historical simulations from 1961 to 2005 that can support the development of a 

climatological baseline.  

The data are derived from a subset of 15 general circulation models (GCMs) from the CMIP5 suite of model 

simulations, with the choice of GCMs selected based on their ability to capture climate drivers that are 

relevant to South Australia, including the Indian Ocean Dipole (IOD) and El Niño Southern Oscillation (ENSO). 

The GCM outputs were downscaled ǳǎƛƴƎ ŀ ƳŜǘƘƻŘ ƪƴƻǿƴ ŀǎ ΨbƻƴƘƻƳƻƎŜƴƻǳǎ IƛŘŘŜƴ aŀǊƪƻǾ aƻŘŜƭƭƛƴƎΩ 

that represents a statistical approach to adjust the large-scale climate model information into site-specific 

Řŀƛƭȅ ǘƛƳŜǎŜǊƛŜǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ŜƴŀōƭŜǎ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ΨǊŜŀƭƛǎŀǘƛƻƴǎΩ ƻŦ historical and future weather, 

with each realisation reflecting expected climatic patterns, but with random day-to-day variations to capture 

real-world weather variability. In total there are 100 such realisations for each climate model and RCP, 

leading to a total of 1500 time series for each RCP.  

Three stations within or close to the Barossa region were identified as having data relevant for this study: St 

Kitts [23360], Williamstown (Glen Gillian) [23756] and Rosedale (Turretfield Research Centre) [23343]. Of 

 

 

4 The Coupled Model Intercomparision Project (CMIP) is a global collaborative scientific effort for collecting and 
analysing climate model outputs, and the CMIP outputs represent a critical data source on climate projections and other 
relevant information to inform the Intergovernmental Panel on Climate Change assessment process. CMIP Phase 5 
(CMIP5) was compiled over the period 2010-2014, and was used to inform the Intergovernmental Panel on Climate 
/ƘŀƴƎŜΩǎ CƛŦǘƘ !ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘ ŎƻƳǇƭŜǘŜŘ ƛƴ нлмпΦ  
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these, only the Williamstown station lies within the Barossa Valley PWRA (Table 26); the other two stations 

are within 5km of this region.  

To inform stress testing, future changes are presented either as absolute values (e.g. mm rainfall, °C) or 

relative changes (e.g. percentage) relative to a baseline. Unless specified otherwise, a baseline of 1976-2005 

is selected, representing a 30-year period consistent with the minimum length recommended by the WMO.  

Future changes were then assessed for 30 years windows centred on 2020 (i.e. the period 2006-2035, 

ǊŜǇǊŜǎŜƴǘƛƴƎ ΨŎǳǊǊŜƴǘΩ ŎƭƛƳŀǘŜύΣ нлор όнлнм-2050) and 2050 (2036-2065) relative to this baseline.   

For each station, emissions scenario, GCM and realisation the CR-SA data set provides time series of daily 

precipitation, PET, radiation and maximum temperature. These time series were spatially averaged by 

calculating the daily average across the three stations for each emissions scenario (historical, RCP 4.5 and 

RCP 8.5), GCM and replicate, giving 4500 daily time series of data.  

Each of these 4500 time series are passed into the foreSIGHT software, where the specified rainfall, PET, 

radiation and maximum temperature attributes are calculated. For the historical scenarios, this is calculated 

for the baseline (1976-2005), and for the RCP 4.5 and RCP 8.5 scenarios, this is calculated for three future 

time slices (2006-2035, 2021-2050 and 2036-2065). This gives 1500 historical values for each attribute, and 

1500 future attribute values for each RCP and time slice combination. For each attribute, RCP and time slice, 

the range of projections were derived by calculating the absolute or relative change for each attribute 

separately for each replicate. Repeating this for the 100 replicates and 15 GCMs leads to 1500 values of future 

change for each attribute. 

Further information on this dataset can be found on the SA Climate Ready webpage 

(https://data.environment.sa.gov.au/Climate/SA-Climate-Ready/Pages/default.aspx), with a technical 

summary contained in the User Guide (Goyder Institute for Water Research, 2015). 

4.1.3 NARCliM 

NARCliM is a dataset developed by the NSW Government in partnership with the Climate Change Research 

Centre at the University of New South Wales, and contains projections for NSW, ACT, VIC and parts of the NT 

and SAτincluding the Barossa region. In the most recent version of NARCliM (NARCliM1.5) there are a range 

of climate variables available, both postprocessed (i.e. re-gridded) and bias corrected. The data includes two 

emissions pathways (RCP 4.5 and 8.5), capturing projections from 2006 to 2100, together with historical data 

from 1951 to 2005 to provide information to inform a historical baseline.  

The data is derived from a subset of three CMIP5 GCMs (IPCC Fifth Assessment Report, 2014), each using two 

alternative configurations of the Weather Research and Forecasting (WRF) regional climate model. The 

selected GCMs are ACCESS1.0, ACCESS1.3 and CanESM2, which were chosen based on their performance in 

representing large-scale climate phenomena, such as ENSO, and as well as widely used metrics of climate 

variability. GCMs that performed poorly for the south-east Australian region were excluded and the 

remaining chosen models were selected to provide a spread of temperature and rainfall projections.  

The regional climate models (RCMs) chosen for NARCliM1.5 are two variations of the WRF model. The two 

RCMs were selected from 36 combinations of physics schemes, and differ by their parametrisations of the 

planetary boundary layer, land surface and cumulus physics, micro physics, and short- and long-wave 

radiation physics. The two RCMs were selected from this larger set based on their comparative statistical 

independence from each other, and ability to capture climate variables of interest, such as temperature, 

precipitation and mean sea-level pressure and winds.  

The two variables analysed in this report (precipitation and temperature) were both bias corrected. Studies 

have demonstrated the value of bias-corrected data for analysis of the climate change impacts of 

temperature and precipitation (Gross et al. 2016; Macadam et al. 2016). These climate variables were bias 

corrected towards the AWAP observational dataset (Argüeso et al. 2013; Evans & Argüeso 2014) using a 

https://data.environment.sa.gov.au/Climate/SA-Climate-Ready/Pages/default.aspx
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quantile matching technique (Piani et al., 2010). These corrections were applied to allow the fitted 

distributions of daily RCM output to match the fitted distributions of daily observations; these corrections 

were assumed to be independent of future climate change, and the same corrections were applied to the 

future data values. 

The resolution of chosen data is the 10-kilometre south-east Australian NARCliM domain. To derive 

projections for the Barossa and Eden Valley region, a boundary was selected that incorporates six-by-seven 

10 km2 grid squares in the region. The latitude and longitude of the northwest and southeast extent of this 

region are represented by the points (-34.25, 138.75) and (-34.85, 139.25) respectively. This gives a total of 

42 grid squares over the region.  

Future changes are assessed for the same baseline and future windows, and procedure, as for the SA Climate 

Ready dataset.  

4.2 Changes in Rainfall 

Rainfall represents arguably the most critical climate control on both water supply and demand in the 

Barossa, driving  surface and groundwater stores and fluxes as well as crop water requirements and other 

forms of demandΦ Lƴ ǘƘƛǎ ǎǘǳŘȅ ǿŜ ŜȄǇƭƻǊŜ ŀ ǊŀƴƎŜ ƻŦ ǊŀƛƴŦŀƭƭ ΨŀǘǘǊƛōǳǘŜǎΩ ŎŀǇǘǳǊƛƴƎ ŀƴƴǳŀl and seasonal 

rainfall totals, rainfall intermittency and a measure of rainfall extremes.   

4.2.1 Annual and seasonal rainfall 

The annual rainfall projections for the Barossa based on the Climate Ready SA product are shown in Figure 

40 below, represented as percentage changes relative to the climatological baseline. Numerical values for 

annual and seasonal rainfall for each RCP and time slice are also summarized in Table 10, and include not 

only the Climate Ready SA dataset but also information from Climate Change in Australia and from NARCliM. 

The results show a pattern of declining rainfall across most simulations, with greater declines for longer 

future time horizons and higher radiative forcings (i.e. RCP 8.5). These patterns were also generally present 

across the different approaches to developing the projections (i.e. CR-SA, CCIA, NARCliM), and for the 

different seasons. Equally importantly, there is a significant variation in individual modelling results, with a 

non-negligible number of simulations that show increasing trends across the various projection methods. For 

example while a significant majority of simulations showed declining trends for annual rainfall (e.g. the 25 to 

75 percentile of the CR-SA projections ranged from -14% to -0.83%), the spectrum of projections (defined by 

the 2.5 to 97.5 percentile for CR-SA, the 10 to 90 percentile for CCIA and the full range of projections for 

NARCliM) ranged from a 23% decrease to a 5% increase. This range is due to a combination of representation 

concentration pathway uncertainty, climate model uncertainty (both GCM and RCM), methodological 

uncertainty (e.g. between statistical ŀƴŘ ŘȅƴŀƳƛŎŀƭ ŘƻǿƴǎŎŀƭƛƴƎύ ŀƴŘ ǎǘƻŎƘŀǎǘƛŎ ΨǿŜŀǘƘŜǊ ƴƻƛǎŜΩΦ  Moreover, 

the range is generally wider for longer future horizons and larger radiative forcingsτa pattern that is 

repeated for other simulations.  

The uncertainty limits play a particularly important role in system stress testing, as the focus of the stress 

test is to evaluate system performance under a broad range of plausible changes. For the case of annual and 

seasonal rainfall, the wide range of possible climate futures implies that stress tests need to consider the 

possibility of future increases to the total rainfall amount, even if the majority of projections suggest a future 

of declining rainfall totals. This issue will be discussed further in subsequent sections of this report. 

CƛƴŀƭƭȅΣ ǘƘŜ ΨǇǊƻƧŜŎǘƛƻƴǎΩ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ нллс-2035 encompass the current year (2021), and thus provide a 

reflection of the estimated current climate state relative to the climatological baseline. Both CR-SA and 

NARCliM have information for this time window, and are consistent in suggesting a median decrease of 

between 3.6 and 7.3% for total annual rainfall relative to the baseline (with the 25 to 75 percentile for CR-SA 

showing -7.0 to -0.83% change, and only the full uncertainty range containing projections of increasing 

rainfall). Whilst the intention of this report is not to conduct a formal climate change attribution analysis, 
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these results do strongly suggest that based on modelling estimates relative to the baseline, current-day 

rainfall would be expected to contain a small but significant climate change signal.  

 

Figure 40. Annual changes in rainfall relative to a 1976-2005 climatological baseline. Each box-and-whisker plot represents the 
variability from 4,500 separate time series. The median value is represented by the horizontal black line, the boxes are bounded by 

the upper and lower quartiles. The upper whisker represents the values from the upper quartile to no further than 1.5*IQR (Inter 
Quartile Range). The lower whisker likewise extends to the value at most 1.5*IQR . The dots above and below the whiskers 

represent outlying points. 
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Table 10. Percentage change of seasonal and annual precipitation averaged across all three stations in the Barossa. The median value, upper and lower quartile (25 to 75th percentile) and 2.5 and 
97.5th percentile values are quoted.   

Season Percentile Emissions 
Scenario 

2020 2030 2035 2050 Range of future 
change 

Line of Evidence: CR-SA NARCliM CCIA CR-SA NARCliM CR-SA NARCliM 

DJF Median RCP4.5 
RCP8.5 

 -3.6 
 -4.0 

-12 
-0.18 

0 
2 

-8.3 
-7.7 

-9.4 
-6.1 

-7.2 
-9.8 

-10 
-16 

-16 to 2 

25-75% RCP4.5 
RCP8.5 

-11 to 4.8 
-12 to 4.0 

NA NA -16 to -0.24 
-14 to 0.092 

NA -17 to 1.5 
-18 to -1.4 

NA -18 to 4.8  

2.5-97.5%* RCP4.5 
RCP8.5 

-23 to 22 
-23 to 22 

-13 to -12 
-19 to 33  

-24 to 30  
-14 to 19 

-29 to 17 
-27 to 17 

-18 to 4.3 
-9.2 to 23 

-35 to 18 
-31 to 17 

-16 to 9.1  
-27 to 11 

-35 to 33 

MAM Median RCP4.5 
RCP8.5 

-4.5 
-4.5 

2.9 
-3.9 

-1 
-3 

-3.8  
-5.2 

-5.4 
-3.4 

-5.4 
-6.9 

-9.9 
-5.2 

-9.9 to 2.9 

25-75% RCP4.5 
RCP8.5 

-11 to 2.5 
-11 to 2.8 

NA NA -11 to 2.7 
-13 to 2.1 

NA -12 to 2.5 
-14 to 0.24 

NA -14 to 2.8  

2.5-97.5%* RCP4.5 
RCP8.5 

-22 to 20 
-24 to 18 

-22 to 16  
-20 to 5.9  

-22 to 18 
-22 to 23 

-23 to 17 
-25 to 15 

-25 to 7.1 
-21 to 3.3 

-24 to 18 
-27 to 14 

-19 to 7.1  
-30 to 4.9 

-30 to 23 

JJA Median RCP4.5 
RCP8.5 

-1.6 
-1.5 

-11 
-8.2 

-6 
-5 

-3.6 
-4.9 

-10 
-5.1 

-5.9 
-6.7 

-13 
1.9 

-13 to 1.9  

25-75% RCP4.5 
RCP8.5 

-5.9 to 2.9 
-5.5 to 1.8 

NA NA -7.5 to 1.2 
-8.7 to -1.3 

NA -11 to -0.39 
-11 to -2.3 

NA 2.9 to -11  

2.5-97.5%* RCP4.5 
RCP8.5 

-12 to 12 
-13 to 8.6 

-17 to 9.4 
-16 to 14 

-16 to 6  
-16 to 5 

-11 to 14 
-16 to 5.5 

-20 to -4.7 
-10 to 18 

-17 to 10 
-19 to 5.4 

-27 to 5.7 
-15 to 12 

-27 to 18 

SON Median RCP4.5 
RCP8.5 

-6.7 
-7.9 

-12 
-11 

-5 
-7 

-10 
-14 

-17 
-10 

-13 
-17 

-25 
-18  

-25 to -5 

25-75% RCP4.5 
RCP8.5 

-12 to -1.7 
-13 to -1.7 

NA NA -16 to -5.2 
-19 to -8.4 

NA -19 to -8.5 
-24 to -11 

NA -24 to -1.7 

2.5-97.5%* RCP4.5 
RCP8.5 

-20 to 8.9 
-20 to 8.3 

-27 to -3.6 
-22 to 4.7  

-20 to 10  
-23 to 10 

-25 to 5.4 
-28 to 2.4  

-31 to -3.2  
-29 to -0.52 

-28 to 1.2  
-36 to -1.4  

-32 to -12 
-33 to 1.9 

-36 to 10 

Annual  Median RCP4.5 
RCP8.5 

-3.6  
-3.6 

-7.3 
-4.7 

-4 
-2 

-5.7 
-7.3 

-11 
-4.7 

-7.2  
-9.2 

-14 
-8.3 

-14 to -2 

25-75% RCP4.5 
RCP8.5 

-6.3 to -0.83 
-7.0 to -1.1 

NA NA -8.6 to -3.0 
-11 to -4.4 

NA -11 to -4.2 
-14 to -6.0 

NA -14 to -0.83 

2.5-97.5%* RCP4.5 
RCP8.5 

-12 to 4.5 
-14 to 4.3 

-19 to -0.24 
-9.0 to  4.4 

-13 to 4* 
-13 to 5* 

-15 to 2.8 
-18 to 0.82 

-23 to -3.4 
-18 to 3.0 

-18 to 1.6 
-21 to -0.39 

-19 to -8.2 
-20 to 0.52 

-23 to 5.0  

* For NARCliM the values displayed in the 2.5-97.5% row is the minimum and maximum attribute values for the scenario; the CCIA report records 10th to 90th 

percentile uncertainty  
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4.2.2 Number of wet days 

The total number of wet days per year is an important metric that represents the intermittency of rainfall 

(i.e. the sequencing of wet and dry days throughout the year), with CR-SA results shown in Figure 41 and 

numerical values shown in Table 11. Consistent with total annual rainfall, the results show a general pattern 

of declining trends, with the greatest declines for longer future horizons and greater radiative forcings. Also 

consistent with the total annual rainfall are a non-negligible number of projections showing increases in 

number of wet days, indicating that the possibility of wetter conditions cannot be ignored as part of future 

scenario evaluations.  

 

Figure 41. Percentage change in annual number of wet days (wet day threshold = 1mm) for RCP4.5 and RCP8.5 emission 
scenarios, relative to a 1976-2005 climatological baseline. See caption for Figure 40 for further details. 

 

Table 11 ï Percentage change in the annual number of wet days (wet day threshold = 1mm) 

Percentile Emissions 

Scenario  
2020 2035 2050 

Range of Future 

Change 

Line of Evidence: SA-CR NARCliM SA-CR NARCliM SA-CR NARCliM  

Median RCP4.5 

RCP8.5 

-3.5 

-3.4 

-8.7 

-7.9 

-5.4 

-6.6 

-8.1 

-8.5  

-6.7 

-8.5 

-13 

-9.1 

-13 to -3.4 

25-75% RCP4.5 

RCP8.5 

-5.5 to -1.3 

-5.9 to -1.5 
NA 

-7.4 to -3 

-9.1 to -4.5 
NA 

-9.7 to -4.1 

-12 to -6.0 
NA 

-12 to -1.5 

2.5-

97.5%* 

RCP4.5 

RCP8.5 

-9.8 to 2.6 

-12 to 2.1 

-15 to 3.1 

-18 to 8.1 

-13 to 1.2 

-15 to -0.9 

-20 to -6.1  

-17 to 6.1 

-16 to 0.25 

-18 to -2.1 

-20 to -8.7 

-18 to 0.11 

-20 to 8.1 

* For NARCliM the values displayed in the 2.5-97.5% row is the minimum and maximum attribute values for 

the scenario 
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4.2.3 Daily extremes (99th percentile wet day rainfall) 

The 99th percentile wet day rainfall is a commonly used method of climate extremes, and is presented in 

Figure 42. Although this is a common metric for extreme rainfall, it is noted that the 99th percentile wet day 

rainfall should not be interpreted as a genuine extreme rainfall day for flood estimation purposes, with events 

such as the 1% annual exceedance probability event (an event that is only exceeded on average once every 

hundred years) more commonly used to denote flood events. Nevertheless, the 99th percentile wet day 

rainfall is often used as a proxy for these more extreme events, and thus provides useful information on the 

possible magnitude of future change. 

The projections show a distinctly different pattern to total annual rainfall or total number of wet days, with 

comparatively small declines over time, and a larger proportion of simulations with increasing trends. This 

suggests that declines in heavy rainfall days are likely to be less severe than other rainfall days, implying 

larger declines in light to moderate rainfall events relative to the total annual declines.  

 

Figure 42 ï Percentage change in annual 99th percentile wet day amount rainfall for RCP4.5 and RCP8.5 emission scenarios, 
relative to a 1976-2005 climatological baseline. See caption for Figure 40 for further details. 

Table 12 ï Percentage change in Annual 99th percentile wet day amount rainfall 

Percentile  Emissions 

Scenario 2020 2035 2050 

Range of 

Future 

Change 

Line of Evidence: SA-CR NARCliM SA-CR NARCliM SA-CR NARCliM  

Median RCP4.5 

RCP8.5 

-1.3 

-1.7 

-5.9 

0.98 

-2.2 

-3.1 

-7.6 

0.13 

-3.2 

-3.8 

-6.0 

-6.2 

-6.2 to 0.98 

25-75% RCP4.5 

RCP8.5 

-4.2 to 1.6 

-4.4 to 1.3 
NA 

-5.0 to 0.47 

-6.1 to 0.17 
NA 

-6.0 to 0.05 

-7.1 to -0.88 
NA 

-7.1 to 1.6 
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2.5-

97.5%* 

RCP4.5 

RCP8.5 

-9.2 to 7.2 

-9.8 to 7.2 

-14 to 19 

-10 to 8.5 

-11 to 6.7 

-11 to 5.8 

-14 to 16 

-11 to 11 

-12 to 6.2 

-13 to 5.0 

-9.7 to 9.5 

-9.6 to 15 

-14 to 19 

* For NARCliM the values displayed in the 2.5-97.5% row is the minimum and maximum attribute values for 

the scenario 

4.2.4 Rainfall seasonality 

As well as changes in total rainfall volume, climate change is expected to have an effect on when rainfall 

occurs and the distribution of seasonal rainfall volume. The following metric is used to represent these 

changes in seasonality as regards to rainfall. The metric is the calculated from the ratio of rainfall in wet 

months to rainfall in dry months. The wet months are defined as April to September and dry months are 

October to March. 

3ÅÁÓÏÎÁÌÉÔÙ ÉÎÄÅØ
3ÕÍ ÏÆ ÒÁÉÎÆÁÌÌ ÉÎ ÓÉÍÕÌÁÔÉÏÎ ÙÅÁÒÓ 7ÅÔ -ÏÎÔÈÓ

3ÕÍ ÏÆ ÒÁÉÎÆÁÌÌ ÉÎ ÓÉÍÕÌÁÔÉÏÎ ÙÅÁÒÓ $ÒÙ -ÏÎÔÈÓ
 

The projections show an expected increase in seasonality. This is due to the decrease in precipitation in the 

dry months being greater than the decrease in the wet months, hence the percentage change in this attribute 

is increasing. Nevertheless there is large uncertainty in the estimates, with a substantial proportion of 

projections (~25%) showing a decrease in seasonality.  

 

Figure 43. Percentage change in seasonality for RCP4.5 and RCP8.5 emission scenarios, relative to a 1976-2005 climatological 
baseline. See caption for Figure 40 for further details. 

 

Table 13. Percentage change in seasonality from SA Climate Ready data 

Percentile  Emissions 2020  2035 2050 Range of future 
change 

Median RCP4.5 

RCP8.5  

3.2 

3.7 

6.4 

6.4 

5.5 

6.6 

3.2 to 6.6 

25-75% RCP4.5 -2.5 to 10 0.07 to 14 -0.79 to 15 -2.5 to 15  
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RCP8.5 -2.1 to 9.6 0.15 to 14 0.58 to 15  

2.5-97.5% RCP4.5 

RCP8.5 

-11 to 27 

-12 to 24 

-9.5 to 34 

-12 to 30  

-11 to 39  

-11 to 44 

-12 to 44 

 

4.3 Changes in Potential Evapotranspiration 

Potential evapotranspiration represents the evaporative flux that would occur assuming an unlimited supply 

ƻŦ ǿŀǘŜǊΦ ¢ƘŜ /ƭƛƳŀǘŜ wŜŀŘȅ {! ŘŀǘŀǎŜǘ ǇǊŜǎŜƴǘǎ ǊŜǎǳƭǘǎ ǳǎƛƴƎ aƻǊǘƻƴΩǎ !ǊŜŀƭ Potential Evapotranspiration 

(APET), and the CCIA dataset uses aƻǊǘƻƴΩǎ wet-environmental PET. Results from NARCliM were not 

available. Each of these contain different assumptionsτincluding in terms of the relevant climate drivers that 

are used to calculate PETτand therefore the alternative lines of evidence cannot be contrasted in a genuine 

ΨƭƛƪŜ ŦƻǊ ƭƛƪŜΩ ŎƻƳǇŀǊƛǎƻƴΦ ¢Ƙƛǎ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘŜ ŎŀǎŜ ƎƛǾŜƴ ǘƘŀǘ aƻǊǘƻƴΩǎ !t9¢ ŜǎǘƛƳŀǘŜ ǳǎŜǎ ŘƛŦŦŜǊŜƴǘ 

combinations of atmospheric variables and process representation compared to the Penman-Monteith FAO-

56 estimate described elsewhere in this report. 

Nevertheless the general sign of change between evapotranspiration estimates are likely be largely 

consistent, and the climate change analysis shows that there is significant consistency between projections, 

with almost all projections showing an increasing pattern of PET, with larger increases for longer future 

horizons and larger radiative forcings (Figure 44). At the annual scale, projections ranged from 1.4 to 9.5% 

increase in PET across all the projections, climate modelling methodologies and representative concentration 

pathways (Table 14).  

 

Figure 44. Percentage change in annual average PET for RCP4.5 and RCP8.5 emission scenarios, relative to a 1976-2005 
climatological baseline. See caption for Figure 40 for further details. 

 

Table 14. Percentage change in annual and seasonal PET 

Season Percentile Emissions 

Scenario 

2020 2030 2035 2050 Range of 

Future Change 
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Line of Evidence:  SA-CR CCIA* SA-CR SA-CR  

DJF Median RCP4.5 

RCP8.5 

2.1 

2.5 

2.6 

2.4 

2.9 

3.7 

3.5 

5.0 

2.1 to 5.0 

25-75% RCP4.5 

RCP8.5 

1.5 to 2.7 

1.8 to 3.3 

NA 2.2 to 3.6 

2.9 to 4.7 

2.8 to 4.3 

4.0 to 6.2 

1.5 to 6.2 

2.5-

97.5%** 

RCP4.5 

RCP8.5 

0.47 to 4.2 

-0.14 to 5.0 

0.6 to 3.5 

1.8 to 4.1 

1.0 to 6.0 

0.6 to 7.1 

1.5 to 7.4 

1.5 to 9.8 

-0.14 to 9.8 

MAM Median RCP4.5 

RCP8.5 

2.2 

2.9 

2.4 

3.5 

3.1 

4.4 

4.1 

5.8 

2.2 to 5.8 

25-75% RCP4.5 

RCP8.5 

1.3 to 3.3 

2.0 to 3.8 

NA 2.1 to 4.3 

3.2 to 5.6 

2.8 to 5.1 

4.7 to 7.4 

1.3 to 7.4 

2.5-

97.5%** 

RCP4.5 

RCP8.5 

-0.02 to 5.0 

0.56 to 5.5 

0.5 to 5.6 

1.9 to 5.9 

0.5 to 6.1 

1.6 to 7.7 

0.9 to 7.1 

2.7 to 10 

-0.02 to 10 

 

JJA Median RCP4.5 

RCP8.5 

2.5  

2.9 

4.5 

5.0 

3.7 

4.5 

4.6  

6.3 

2.5 to 6.3 

25-75% RCP4.5 

RCP8.5 

1.8 to 3.1 

2.3 to 3.6 

NA 2.6 to 4.4 

3.6 to 5.4 

3.6 to 5.4 

5.2 to 7.7 

1.8 to 7.7 

2.5-

97.5%** 

RCP4.5 

RCP8.5 

0.9 to 4.1 

1.3 to 5.7 

1.3 to 8.8 

3.7 to 9.5 

1.4 to 5.4 

2.3 to 8.0 

1.8 to 6.9 

3.6 to 10 

0.9 to 10 

SON Median RCP4.5 

RCP8.5 

3.5 

3.9 

2.2 

2.3 

4.8  

5.7 

5.9 

7.7 

2.2 to 7.7 

25-75% RCP4.5 

RCP8.5 

2.8 to 4.2 

3.1 to 4.8 

NA 4.0 to 5.5 

4.7 to 6.9 

5.0 to 6.7 

6.3 to 9.3 

2.8 to 9.3 

2.5-

97.5%** 

RCP4.5 

RCP8.5 

1.6 to 5.4 

1.5 to 6.3 

0.9 to 4.2 

1 to 4.9 

2.5 to 6.9 

3.0 to 8.9 

3.2 to 8.3 

4.4 to 12 

1.6 to 12 

Annual  Median RCP4.5 

RCP8.5 

2.5 

2.9 

2.5 

3 

3.5 

4.3 

4.3 

5.8 

2.5 to 5.8 

25-75% RCP4.5 

RCP8.5 

2.1 to 3.0 

2.4 to 3.7 

NA 3.0 to 4.2 

3.6 to 5.7 

3.7 to 5.2 

4.9 to 7.7 

2.1 to 7.7 

2.5-

97.5%** 

RCP4.5 

RCP8.5 

1.4 to 4.0 

1.6 to 4.8 

1.4 to 3.5 

2.1 to 4.5 

2.2 to 5.5 

2.7 to 6.9 

2.8 to 6.9 

4.0 to 9.5 

1.4 to 9.5 
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*From CCIA Report ς Southern and South-Western Flatlands (East). Baseline 1985-2006. 2030 future 

projection represents period 2020-2039. 

**CCIA report records 10th to 90th percentile uncertainty  

4.4 Changes in Temperature 

4.4.1 Annual and Seasonal Changes to Daily Maximum Temperature 

Changes in the daily maximum temperature are shown for the CR-SA analysis in Figure 45, with numerical 

results for all the lines of evidence and across all seasons given in Table 15. The results show a significant 

increase in temperature relative to the baseline, with slightly under a degree of warming already expected 

ŦƻǊ ΨŎǳǊǊŜƴǘΩ ŎƭƛƳŀǘŜ ǊŜƭŀǘƛǾe to the 1976-2005 baseline (and presumably an even larger change relative to a 

ΨǇǊŜ-ƛƴŘǳǎǘǊƛŀƭΩ ōŀǎŜƭƛƴŜύΣ ŀƴŘ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜ ōȅ ŀǎ ƳǳŎƘ ŀǎ оΦмϲ/ ōȅ ƳƛŘ-century. Importantly, 

even for a relatively low radiative forcing scenario (RCP4.5), projections suggest a further 0.6-0.9°C warming 

over the next three decades relative to current climate, suggesting that further significant change can be 

anticipated for the Barossa region regardless of the emissions scenario.  

 

Figure 45. Percentage change in annual average maximum temperature for RCP4.5 and RCP8.5 emission scenarios, relative to a 
1976-2005 climatological baseline. See caption for Figure 40 for further details.
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Table 15. Relative change (°C) in annual and seasonal maximum temperature 

Season Percentile Emissions 

Scenario 
2020 2030 2035 2050 

Range of future 

change 

Line of Evidence: SA-CR NARCliM CCIA SA-CR NARCliM SA-CR NARCliM  

DJF Median RCP4.5 

RCP8.5 

0.9 

1.0 

1.1 

1.2 

0.7 

0.9 

1.2 

1.5 

1.6 

1.6 

1.5 

2.0 

1.9  

1.9 

0.7 to 2.0 

25-75% RCP4.5 

RCP8.5 

0.70 to 1.1 

0.77 to 1.4 

NA NA 0.99 to 1.5 

1.2 to 2.0 

NA 1.3 to 1.8 

1.7 to 2.6 

NA 0.70 to 2.6 

2.5-

97.5%* 

RCP4.5 

RCP8.5 

0.33 to 1.7 

0.33 to 1.9 

0.22 to 1.9  

0.23 to 1.8 

0.4 to 1.3 

0.6 to 1.3 

0.59 to 2.4 

0.73 to 2.7 

1.1 to 1.9  

0.89 to 2.1  

0.89 to 2.9 

1.2 to 3.8 

1.3 to 2.1 

1.4 to 2.6  

0.23 to 3.8 

MAM Median RCP4.5 

RCP8.5 

0.71 

0.86 

0.87 

0.84 

0.7 

0.7 

0.99 

1.3 

1.2 

1.1 

1.3 

1.8 

1.5 

1.6 

0.7 to 1.8 

25-75% RCP4.5 

RCP8.5 

0.51 to 0.92 

0.66 to 1.1 

NA NA 0.78 to 1.2 

1.1 to 1.6 

NA 1.0 to 1.5 

1.6 to 2.2 

NA 0.51 to 2.2 

2.5-

97.5%* 

RCP4.5 

RCP8.5 

0.12 to 1.4 

0.28 to 1.7 

0.26 to 1.2  

0.56 to 1.5  

0.3 to 1.1 

0.4 to 1.3  

0.31 to 1.8 

0.55 to 2.3 

0.79 to 1.6  

0.64 to 1.9 

0.55 to 2.1 

0.98 to 3.0 

1.0 to 1.7  

1.3 to 2.1 

0.12 to 3.0 

JJA Median RCP4.5 

RCP8.5 

0.67 

0.77 

0.80 

0.80 

0.70 

0.80 

0.98 

1.2 

1.1 

1.2 

1.2 

1.7 

1.3 

1.7  

0.67 to 1.7 

25-75% RCP4.5 

RCP8.5 

0.52 to 0.79 

0.61 to 0.95 

NA NA 0.78 to 1.1 

1.0 to 1.5 

NA 1.0 to 1.4 

1.4 to 2.2 

NA 0.52  to 2.2 

2.5-

97.5%* 

RCP4.5 

RCP8.5 

0.26 to 1.0 

0.38 to 1.4 

0.61 to 1.1 

0.46 to 1.2  

0.4 to 1.0 

0.6 to 1.2  

0.46 to 1.4 

0.72 to 2.0 

0.84 to 1.5 

0.95 to 1.5  

0.66 to 1.8 

1.2 to 2.6 

1.1 to 1.9  

1.5 to 2.1  

0.26 to 2.6 



63 

SON Median RCP4.5 

RCP8.5 

1.0 

1.2 

1.1 

1.2 

0.9 

0.9 

1.4 

1.8 

1.6  

1.6 

1.8 

2.4 

2.3 

1.9  

0.9 to 2.3 

25-75% RCP4.5 

RCP8.5 

0.85 to 1.2 

0.96 to 1.4 

NA NA 1.2 to 1.6 

1.5 to 2.1 

NA 1.6 to 2.0 

2.1 to 2.8 

NA 0.9 to 2.8 

2.5-

97.5%* 

RCP4.5 

RCP8.5 

0.48 to 1.5 

0.62 to 1.8 

0.69 to 1.5 

0.21 to 1.9 

0.5 to 1.1  

0.6 to 1.3  

0.85 to 2.0 

1.1 to 2.6 

1.2 to 2.4 

0.56 to 2.8  

1.2 to 2.4 

1.6 to 3.5 

1.7 to 2.8 

1.6 to 2.9  

0.21 to 3.5 

Annual  Median RCP4.5 

RCP8.5 

0.82 

0.92 

0.91 

1.0 

0.7 

0.8 

1.1 

1.4 

1.3  

1.4 

1.4 

2.0 

1.8 

1.8 

0.7 to 2.0 

25-75% RCP4.5 

RCP8.5 

0.71 to 0.94 

0.79 to 1.2 

NA NA 1.0 to 1.3 

1.2 to 1.8 

NA 1.3 to 1.6 

1.7 to 2.4 

NA 0.71 to 2.4 

2.5-

97.5%* 

RCP4.5 

RCP8.5 

0.46 to 1.2 

0.61 to 1.5 

0.58 to 1.4  

0.51 to 1.4  

0.5 to 1  

0.6 to 1.2  

0.72 to 1.6 

1.0 to 2.2 

1.1 to 1.8  

0.92 to 1.8  

1.0 to 2.0 

1.5 to 3.1 

1.4 to 2.0  

1.6 to 2.3  

0.46 to 3.1 

* For NARCliM the values displayed in the 2.5-97.5% row is the minimum and maximum attribute values for the scenario; the CCIA report records 10th to 90th 

percentile uncertainty  
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4.4.2 Annual Number of Days Over 35°C 

The annual number of days above 35°C represents a useful proxy for heatwave incidence, and is represented 

as percentage changes relative to the baseline. The baseline (1976-2005) number of days above 35°C has a 

median of 11.5 days with a 2.5% and 97.5% range of 3.3 days and 13.5 days, respectively, across the three 

stations. The results show a significant increase in the incidence of days over 35°C, with climate models 

already indicating current climate should have a median of 38-45% more hot days compared to the baseline, 

and with a significant number of projections showing the possibility of a doubling in the number of hot days 

by mid-century.  

 

Figure 46. Percentage change in annual number of days above 35 degrees Celsius (as a percentage relative to the baseline) for 
RCP4.5 and RCP8.5 emission scenarios, relative to a 1976-2005 climatological baseline. See caption for Figure 40 for further 

details. 

 

Table 16. Percentage change in annual in number of days above 35 degrees Celsius from SA Climate Ready data  

Season Percentile  Emissions 2020  2035 2050 Range of future 

change 

Annual  Median RCP4.5 

RCP8.5  

39 

47 

56 

72 

71 

110 

39 to 110 

25-75% RCP4.5 

RCP8.5 

28 to 54 

32 to 64 

42 to 73 

55 to 100 

56 to 91 

83 to 140 

28 to 140 

2.5-97.5% RCP4.5 

RCP8.5 

10 to 87 

12 to 100 

22 to 130 

30 to 160 

35 to 160 

54 to 240 

10 to 240 
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4.5 Selection of Scenarios for Stress Testing  

4.5.1 Range of Projections  

The preceding sections identified a range of changes to key climatic drivers of the Barossa and Eden Valley 

regionsΦ ¢ƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƛƳŀǊȅ ŎƭƛƳŀǘŜ ΨŀǘǘǊƛōǳǘŜǎΩ5 for inclusion in the subsequent stress test is 

informed by a priori understanding of the most likely climatic drivers that would influence the key system 

performance metrics, as represented by the process representations embedded in the relevant system 

model(s). For the present study, the primary climate variables that serve as inputs to the integrated system 

model (see Figure 9 and Figure 10) are precipitation and potential evapotranspiration. Given that the Stella 

model runs at an annual timescale, and that the identified water security metrics (Table 4) are also generally 

represented at the annual timescale, we focus largely on annual statistics of these variables in the analysis. 

However, given the highly seasonal nature of many key processesτincluding but not limited to crop water 

demandsτa seasonal metric for precipitation is also included which enables adjustment of the strength of 

the seasonal cycle. While it is not possible to integrate sub-annual changes directly into Stella, the individual 

component models operate at sub-annual scales, and it is possible to implement different relationships into 

Stella depending on the nature of any seasonal changes. 

Therefore, a total of three attributes are selected for stress testing, and these are summarized in Table 17. 

To identify the range for stress testing, for each attribute the maximum and minimum value across the three 

lines of evidence (if available) are chosen to represent the range of likely change. For rainfall and PET, the 

range is extended to the next 5% increment on both sides of the projection range, and for seasonality this is 

decreased to the nearest 5% increment6. The bounds for stress testing, together with the perturbation 

increments, are also summarized in Table 17. 

Table 17. Change in attribute estimated by various climate change lines of evidence, together with chosen bounds and perturbation 
increments used for climate stress tests 

Climate 
attribute 

Minimum 
Change (%) 

Maximum 
Change (%) 

Chosen 
Bounds (%) 

Perturbation 
increments 

Lines of 
Evidence  

Mean annual 
total rainfall 

-23 5.0 -25 to 10 5% SA-CR, 
NARCliM, CCIA* 

Annual 
average PET 

1.4 9.5 0 to 10 5% SA-CR, CCIA* 

Rainfall 
seasonality  

-12 44 -10 to 40 {-10, 0, +40} SA-CR 

 

4.5.2 Scenarios for Stress Testing  

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ΨǎǘǊŜǎǎ ǘŜǎǘƛƴƎΩ ǘƘŜ ǎȅǎǘŜƳ ŀŎǊƻǎǎ ŀ broad spectrum of changes as depicted in Table 17, for part 

of the analysis it may be useful to provide a more deeper exploration of a small number of future climate 

scenarios. ¢ƘŜǎŜ ΨǎŎŜƴŀǊƛƻǎΩ ǊŜǇǊŜǎŜƴǘ ǎǇŜŎƛŦƛŎ Ǉƻƛƴǘǎ ƻƴ ǘƘŜ ŜȄǇƻǎǳǊŜ ǎǇŀŎŜΣ ŀƴŘ ƛn addition to the 

climatological baseline, we will consider the following scenarios: 

Scenario 1: Moderate change. This scenario is based on the climate statistics over the previous decade (2011-

2020). The perturbation values are also reasonably close to the median of the Climate Ready 2050 climate 

 

 

5 ¢ƘŜ ǘŜǊƳ ΨŀǘǘǊƛōǳǘŜΩ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ fore{LDI¢ ǎƻŦǘǿŀǊŜ ǘƻ ǊŜŦŜǊ ǘƻ ǎǘŀǘƛǎǘƛŎǎ ƻŦ ŎƭƛƳŀǘŜ ǾŀǊƛŀōƭŜǎΦ CƻǊ ŜȄŀƳǇƭŜ ǘƘŜ Ψŀƴƴǳŀƭ 
ŀǾŜǊŀƎŜ t9¢Ω ƻǊ Ωфф ǇŜǊŎŜƴǘƛƭŜ Řŀƛƭȅ ǊŀƛƴŦŀƭƭΩ ŀǊŜ ōƻǘƘ ŀǘǘǊƛōǳǘŜǎΦ  
6 The dŜŎǊŜŀǎŜ ƛƴ ǎŜŀǎƻƴŀƭƛǘȅ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ Ǿƛǎǳŀƭ ǘǊŜŀǘƳŜƴǘ ƻŦ ǎŜŀǎƻƴŀƭƛǘȅ ƛǎ ǘƘǊƻǳƎƘ ǘŀƪƛƴƎ ΨǎƭƛŎŜǎΩ ǘƘǊƻǳƎƘ ǘƘŜ 
seasonality attribute, which is different to the approach to visualising the other attributes. 



66 

projections for RCP4.5, with this RCP representing a plausible greenhouse gas concentration scenario given 

recent commitments made at COP26.  

Scenario 2: Severe change, strengthened seasonal cycle. This scenario is what could be described as an 

ΨǳƴƭƛƪŜƭȅ ǿƻǊǎǘ ŎŀǎŜΩ ǘƘŀǘ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ƻǳǘŜǊ ǊŀƴƎŜ ƻŦ ǇǊƻƧŜŎǘƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ w/t уΦрΦ ²Ƙƛƭǎǘ ƛǎ it 

ƛƴŎǊŜŀǎƛƴƎƭȅ ǊŜŎƻƎƴƛȊŜŘ ǘƘŀǘ w/t уΦр ǊŜǇǊŜǎŜƴǘǎ ŀƴ ǳƴƭƛƪŜƭȅ ƻǳǘŎƻƳŜ ŜǾŜƴ ǳƴŘŜǊ ΨōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΩ ŜƳƛǎǎƛƻƴǎ 

scenarios (see Hausfather et al, 2020), the possibility that climate models underestimate other aspects of the 

uncertainty spaceτparticularly changes to precipitationτcannot be discounted, and thus this represents a 

ǇƭŀǳǎƛōƭŜ ΨǿƻǊǎǘ ŎŀǎŜΩ ƻǳǘŎƻƳŜΦ ¢Ƙƛǎ ǎŎŜƴŀǊƛƻ ŀƭǎƻ Ŏƻƴǘŀƛƴǎ ŀƴ ŜƴƘŀƴŎŜŘ ǎŜŀǎƻƴŀƭ ŎȅŎƭŜ όǊŜƭŀǘƛǾŜƭȅ ƳƻǊŜ 

winter rainfall and less summer rainfall). 

Scenario 3: Severe change, weakened seasonal cycle. This is equivalent to Scenario 2, except it assumes a 

weakened seasonal cycle (relatively more summer rainfall and less winter rainfall). 

Specific perturbations relative to the climatological baseline for each scenario are summarized in Table 18. 

Table 18. Climate scenarios for further investigation, as a fractional change relative to the climatological baseline (1976-2005) 

Climate 
attribute  

Annual average 
precipitation 

Annual average PET Seasonal cycle of P 

Baseline 1 1 1 

Scenario 1: 
Moderate 
climate change 

0.9 1.04 1 

Scenario 2: 
Severe change & 
strengthened 
seasonality 

0.8 1.1 1.4 

Scenario 3: 
Severe change & 
weakened 
seasonality 

0.8 1.1 0.9 
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5 Representing system connections under change  
The system-wide response to climate stressors arises through the propagation of the climate signal through 

both the supply and demand elements of the Barossa water resource system. This was illustrated in Figure 9 

and Figure 10, whereby key climate drivers are shown to influence different aspects of supply and demand 

through a complex set of pathways and interactions. In this section we focus on understanding the behaviour 

of these interactions under different climate forcings, with this to serve as the foundation for integration into 

the system dynamics model (Stella) to represent overall system behaviour under historical, current and 

future climates.   

The ΨŎƻƳǇƻƴŜƴǘ ƳƻŘŜƭǎΩ όŜ²ŀǘŜǊ {ƻǳǊŎŜΣ ah5C[h² ŀƴŘ ǘƘŜ ǊŜƎǊŜǎǎƛƻƴ ŀƴŘ C!h-56 DCC demand models 

described in Sections 1 and 3) comprise the primary evidence base for understanding the relationships shown 

in Figure 9, with these models in turn having been calibrated to the historical record (see Section 3). The 

existing models are forced with perturbed climate conditions, based on the range of plausible changes to key 

climate attributes as described in Section 4 and summarized in Table 17. The connections are documented 

at the annual timescale (water year) to enable simpler representations of the influence of one component 

on another.  

A straight forward approach to climate stress testing each of the key elements of the system diagram (Figure 

9ύ ƛǎ ŀŘƻǇǘŜŘ ƘŜǊŜΣ ǿƘŜǊŜōȅ ǘƘŜ ōŀǎŜƭƛƴŜ ŎƭƛƳŀǘŜ ƛǎ ǇŜǊǘǳǊōŜŘ ōȅ Ŏƻƴǎǘŀƴǘ ΨŎƘŀƴƎŜ ŦŀŎǘƻǊǎΩ ōŀǎŜŘ ƻƴ ǘƘŜ 

ranges and increments described in Table 17. Whereas the annual attributes apply uniform change factors 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ȅŜŀǊΣ ǘƘŜ ΨǎŜŀǎƻƴŀƭ ƛƴŘŜȄΩ ŀǇǇƭƛŜǎ ŘƛŦŦŜǊŜƴǘ ŎƘŀƴƎŜ ŦŀŎǘƻǊǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ȅŜŀǊ ǘƻ ŀƭter the 

strength of the seasonal cycle, with index values below one representing weakened seasonality (relatively 

less winter rainfall and more summer rainfall compared to the baseline), and values greater than one 

representing enhanced seasonality (relatively more winter rainfall and less summer rainfall).  Further details 

on the application of the scaling method are provided in the foreSIGHT manual (Devanand et al, 2020). The 

stress test is run using the baseline climate period determined from Section 4 (1976-2005). The following 

sub-sections describe each connection/link. 

Finally it is noted that two modifications were made to the transient MODFLOW model of Li and Cranswick 

(2016) representing the period 1989 to 2015. First, model forcing variablesτnamely groundwater recharge 

and PETτwere modified to represent baseline climate conditions. Second, MODFLOW solver settings were 

modified to enhance model stability, particularly when large climate perturbations are applied. 

The results presented herein are for the Barossa PWRA, with equivalent sections for the Eden Valley and 

Barossa Valley presented in Appendices C and D.  

5.1 System Dynamics Modelling 

The approach to system dynamics modelling using Stella was described briefly in Section 2.2, and is built by 

mathematically describing relationships of each of the key links shown in Figure 10. These relationships are 

ŎŀƭƛōǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ǊŜƭŜǾŀƴǘ ŎƻƳǇƻƴŜƴǘ ƳƻŘŜƭǎΣ ƻǾŜǊ ǘƘŜ ǊŀƴƎŜ ƻŦ ŎƭƛƳŀǘŜ ǇŜǊǘǳǊōŀǘƛƻƴǎ ǳǎŜŘ ŦƻǊ ΨǎǘǊŜǎǎ 

ǘŜǎǘƛƴƎΩ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ Table 17. In this section we aim to: 

1. Develop regression models for system components (Stella model)  

2. Show results from system components and regression models, with aim to:  

a. Show how perturbations of inputs affects outputs  

b. Show that the regression models perform well compared to component model results  

The component stress test comprises multiple sets of 29-year simulations. The stress test outputs therefore 

comprises 696 data points (29 water years multiplied by 24 combinations of P and PET). For example, average 

annual streamflow, an output from the Source model, was found to be sensitive to the climate variables 

rainfall and PET. In Figure 47, the scatter of average annual rainfall against average annual rainfall and PET 
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can be observed, with the streamflow magnitude indicated by the infill colouring. As expected, streamflow 

increases with increase in rainfall and decrease in PET. From these, a regression can be plotted which 

captures the change in streamflow with relation to rainfall and PET. In this case, a non-linear bivariate 

regression was found to be most suitable, of the form  ὗ ὧ ὧὖ ὧὖ ὧὉ. Equivalent scatter plots 

of other perturbed variables are provided in Appendix E. 

 

Figure 47. Scatter plots of streamflow outputs from Source as a result of the climate stress test. The axes are average annual rainfall 
and PET (mm), and the colour of the points represents the average annual streamflow in ML/year.  

A majority of the other variables tested were also most sensitive to average annual rainfall, PET or both. Most 

of the groundwater components were also found to be sensitive to the size of the groundwater storage. Two 

extraction  components (watercourse and farm dam extraction) were found to be very closely linked to their 

associated sources, streamflow and maximum farm dam storage, so were regressed against these 

parameters instead. However, groundwater storage, streamflow and watercourse extraction are all 

influenced by changes in rainfall and PET, so are sensitive to the stress test of P and PET. The regressions for 

the other variables are either linear or non-linear, and univariate or bivariate depending on what regression 

forms best captured the variable outputs.  

In reviewing model performance, it was observed that calibrating Stella to individual years of record led to 

degraded performance when reviewing annual average statistics. However, the alternativeτcalibrating 

Stella only to annual average valuesτleads to the possibility that individual years are not adequately 

reflected in the system dynamics model, even though it is the individual years (and not the averages) that 

are the primary unit of operation within Stella. In order to improve the comparison between the component 

models and the regression relationships implemented in Stella, and to better represent changes to the 

averages while simultaneously preserving individual years, the average values of each of the 24 perturbation 

combinations of P and PET were also included in the calibration through a weighted regression. This 

expanded the regression to 720 individual data points for each relationshipΦ DƛǾŜƴ ǘƘŜ ƭƻǿ ΨƭŜǾŜǊŀƎŜΩ ƻŦ ǘƘŜ 

average data points (given that they by construction were close to the centre of the data distribution), each 

ƻŦ ǘƘŜ ΨŀǾŜǊŀƎŜǎΩ ƛǎ ƎƛǾŜƴ a weighting of 1007, while the other points were given a weighting of 1. The full data 

set was then regressed to obtain the relationship using weighted least squares. The effect of this weighting 

for various metrics can be observed in Appendix E: Weighted Plots.    

 

 

7 Or 1000 for the link between groundwater ET and PET, given issues with the regression performance for the lower 
weighting 
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Table 19 summarises the relationships implemented in Stella for the Barossa PWRA, derived from regressing 

against the component model inputs and outputs. The results show strong R2 values for most of the modelling 

elements, demonstrating reasonable regression performance.  

Table 19. Regression form of component model results to be implemented into the Barossa PWRA Stella model. All output units are 
in ML, as are input units (except P and E, which are in mm) and R2 values are presented in the right-most column. Variable 

abbreviations are as introduced in the system diagram in Figure 9. 

Section   Metric  Component 
Model 

Regression Relationship (all units in ML 
except for climate variables P and E (mm)) 

R2 

5.2 Streamflow  Source  ρωȢτὖ πȢπψωὖ ρπȢρὉ ωωσπ 0.87 

5.3.1 Baseflow  Source, Lyne-
Hollick Filter 

ςȢπψὖ πȢπρςὖ ρȢψχὉ ρωωπ 0.84 

5.3.2 Baseflow  MODFLOW ρȢρπρπ Ὓ πȢππωσωὛ ςρψπ 0.98 

5.4 Maximum 
farm dam 
storage 

Source σπȢσὖ πȢπρφρὖ ςȢτχὉ τσωπ 0.81 

5.5 Surface water 
use*   

Source  ρχπσωȢψÌÎὗ ρρȢψ πȢχρὛ

ψȢσ ρπ Ὓ

τȢπ ρπ Ὓ  

0.72 (for 
watercourse) 
0.95 (for 
farm dams) 

5.6 Recharge  MODFLOW**   φσȢψὖ ςςπππ 0.86 

5.7 Groundwater 
ET 

MODFLOW πȢπςςὛ ςȢρ ρπ Ὓ
πȢσψὖὉὝυωρππ 

0.99 

5.8.1 Demand Regression on 
historical 
water use  

ωτππρυφπȢπψχςπȢυυὉ ὖ
ὔπȟρȢφυ   

 

0.65 

5.8.2 Demand SARDI crop 
model  

ψχȢς ρωρπȢςςὖ πȢστὉ  0.53 

ϝ{ǳǊŦŀŎŜ ǿŀǘŜǊ ǳǎŜ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ǘǿƻ ǿŀȅǎ ƛƴ ǘƘŜ {ƻǳǊŎŜ ƳƻŘŜƭΦ ¢Ƙƛǎ ƛǎ ōȅ ΨǿŀǘŜǊŎƻǳǊǎŜ ǳǎŜΩ ŀƴŘ ΨŦŀǊƳ ŘŀƳ ǳǎŜΩΦ ¢ƘŜǎŜ ŀǊŜ related 

to streamflow and maximum farm dam storage respectively, hence, there are two regression relationships considered, which are 

then added to form a relationship for surface water use. These sources are added as they are lumped as surface water use in the 

license data, so can be more easily compared if jointly considered as surface water use.  

**  As mentioned in Figure 9 we note that the relationship between P and R is derived not directly from the MODFLOW model, but 

rather from an external relationship defined by Li and Cranswick (2016) required for input to the MODFLOW model. 

 

The following sections explore how the component models respond to perturbation of the climate variables 

rainfall and PET. A comparison of the variable representation from the component models and their 

corresponding representation in the system dynamics model is also presented. This is achieved by side-by-

side performance plots from component model results and system dynamics model (Stella) results.   

5.2 Annual average streamflow and climate  

In this section we explore changes to streamflow metrics at Yaldara as a function of changes in annual rainfall 

and PET and the seasonality index. Yaldara was selected in this case as it represents the primary flow gauge 

representing streamflow in the Barossa PWRA, with the upstream catchment area comprising 70% of the 

Barossa PWRA. Annual average streamflow provides an aggregate measure of system response and is an 

important part of the overall water balance. The climate-streamflow relationship is also important as it is 

needed to calculate the three ecological metrics presented in Table 4. Assessment of the ecological metrics 

for current system configuration and changing climate is presented in Section 6.2.  

Changes to the annual average streamflow at the Barossa Valley Gorge Zone outflow (Outlet Node 2 in 

Source) as a function of plausible changes to annual rainfall and PET are presented in Figure 48, including 

results from Source (left), and Stella (right). The streamflow for each combination of perturbed P and PET is 

presented both in absolute and relative terms compared to the baseline period (1976-2005).  All results are 
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presented relative to the 1976 to 2005 baseline, with the recent 2011-2020 decade also denoted in the figure 

for reference purposes. Climate model projections from the two primary modelling lines of evidence are 

shown, comprising both individual model realisations and the results of various levels of model averaging.  

 

Figure 48. The performance space, both relative (upper panels) and absolute (lower panels) change, of streamflow at Outlet Node 2 
(Barossa Valley Gorge Source outflow) from simple scaling, both from Source (left) and Stella (right) results. Climate projections are 
overlaid onto the plotting space - the faint grey dots represent the 9000 replicates from CR-SA, the small black circles represent the 
mean of each of the 15 SA-CR GCMs (15 models for 3 time slices and 2 emissions scenarios, 90 points), the small black triangles 

represent the mean of each of the 6 NARCliM GCMs (36 points), and the coloured circles (SA-CR) and triangles (NARCliM) 
represent the mean of all the data for each future time slice and climate emission scenario (6 each). The yellow circle with cross 

through it represents the average P and PET for the most recent decade (2011-2020) relative to the 1976-2005 baseline.    

From Figure 48 it can be seen that both models follow the expected pattern of decreasing streamflow for an 

increase in PET and decrease in rainfall. It can be seen that the Stella results show a slightly smaller range of 

streamflow compared to the Source results; however overall, the models show very similar results with the 

Stella model slightly overestimating streamflow for a decrease in rainfall and increase in PET, and slightly 

underestimating streamflow for high rainfall and low PET.   
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From examining the mean absolute streamflow residuals (Figure 49), it can be seen that both models produce 

very similar results for most changes in rainfall and PET, although the Stella results are less accurate (i.e. 

larger errors) for extreme values.   

 

Figure 49. Residuals of the mean absolute streamflow values between Source and Stella 

Differences between the models are likely to be due to the bivariate regression used in Stella being unable 

to capture the full variation and model complexity of the Source model. Despite this, from Figure 48 and 

Figure 49 it seems that application of the parametric relationship in Stella produces a very similar streamflow 

relationship to the Source model when applying simple scaling on P and PET.   

The additional influence of seasonality is shown in Figure 50, for both a small decrease and a large increase 

in the strength of the seasonal cycle (left and right panels, respectively) relative to maintenance of the 

historical seasonal cycle (middle panel). The greatest reductions in streamflow occur for a decrease in the 

strength of the seasonal cycle, which is expected as this corresponds to relatively less rainfall in winter (where 

a larger proportion of rainfall is expected to be converted into runoff). In contrast, the impact on total annual 

runoff is lower for increases in the seasonal cycle.  

Finally, as emphasised  in Section 3.3.1, the Source model has a tendency to underestimate high flows and 

overestimate low flows. This may mean that the sensitivity to climate identified here slightly underestimates 

true sensitivity to climate. This issue has not been considered further in this work, and is highlighted as a 

limitation in Section 8.2. 
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Figure 50: The performance space (absolute change only) replicated for a decrease in the strength of the seasonal cycle (i.e. relatively wetter summers and drier winters; left panel), the historical 
seasonal cycle (middle panel) and an increase in the strength of the seasonal cycle (additional drying in summer and wetting in winter; right panel). 
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5.3 Baseflow   

As described in Section 3.3.2, two alternative approaches exist for estimation of baseflowτone derived from 

surface water modelling, and the other from groundwater modelling. Both are described here to enable 

comparison of results. 

5.3.1 Baseflow from Source (Lyne-Hollick Filter)  

The perturbed streamflow timeseries computed in Section 5.2.1 were passed through the Lyne-Hollick filter 

with ‌ πȢωψυ to produce perturbed timeseries of baseflow. A bivariate regression as a function of P and 

PET was then fitted to the results.   

The bivariate regression between rainfall, potential evapotranspiration and baseflow is implemented in the 

Stella model, with non-linear components for both P and PET. Figure 51 shows the sensitivity analysis 

conducted on the results from Source (left), and Stella (right). The value represented for each combination 

of perturbed P and PET is the mean annual baseflow/relative change in baseflow over the baseline period 

(1976-2005).   
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Figure 51. The performance space, both relative (upper panels) and absolute (lower panels) change, of baseflow from filtering 
streamflow at Outlet Node 2 (Barossa Valley Gorge Source outflow) from simple scaling, both from Source (left) and Stella (right) 

results. 

The results for relative change in baseflow between Source and Stella show similar values for no change in P 

or PET, with Source having a greater range of change under different climate forcings compared to Stella. 

Source also has a greater range of absolute values, as observed for the streamflow metric. In particular, it 

can be seen from Figure 52 that the difference in absolute values is most apparent for extreme change in 

climate, with the extreme rainfall perturbations causing the most discrepancy. The residuals between the 

two models decrease for an increase in PET.  

Lƴ ƛƴǘŜǊǇǊŜǘƛƴƎ ǘƘŜǎŜ ǊŜǎǳƭǘǎΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴote that the difference in absolute baseflow between this 

figure and Section 3.3.2 is due to the difference in time frames, and the fact that in Section 3.3.2 the filter is 

applied to historic streamflow at Yaldara, and here is applied to Source downstream flow at Node Outlet 2 

(the representative outlet of the Barossa PWRA).   

 

Figure 52. Residuals of the mean absolute Lyne-Hollick baseflow values between Source and Stella 

The additional influence of seasonality on baseflow is shown in Figure 53. The greatest reduction in average 

baseflow occurs for a reduction in the seasonal cycle, which is expected as this corresponds to relatively less 

rainfall in winter. However, the smallest baseflow appears to occur for an increase in the seasonal cycle.  This 

could be due to misrepresentation of baseflow when streamflow is run through the Lyne-Hollick filter, as we 

would expect change in baseflow due to seasonality to be similar to streamflow.
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Figure 53: The performance space (absolute change only) replicated for a decrease in the strength of the seasonal cycle (i.e. relatively wetter summers and drier winters; left panel), the historical 
seasonal cycle (middle panel) and an increase in the strength of the seasonal cycle (additional drying in summer and wetting in winter; right panel).
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5.3.2 Baseflow from MODFLOW  

Here we explore MODFLOW-derived baseflow within the Yaldara gauge catchment (following the baseflow 

zones defined by Li and Cranswick [2016]) and its response to changes in P and PET. Figure 54 shows 

specifically the changes in average annual baseflow, in both absolute and relative terms with respect to the 

baseline period, as a function of plausible changes in P and PET from MODFLOW and Stella.  

From the MODFLOW results it can be seen that baseflow increases with increasing P and decreasing PET. The 

change in baseflow with respect to P is much larger than that with respect to PET. The baseflow gradient with 

respect to P shows mild non-linearity, with highest sensitivity in baseflow at lower P values. The Stella results 

show similar baseflow trends with respect to P, but are much less sensitive to PET, especially for high rainfall 

perturbations.  

 

Figure 54. The performance space, both relative (upper panels) and absolute (lower panels) change, of baseflow at Yaldara from 
simple scaling, both from MODFLOW (left) and Stella (right) results. 
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Figure 55 shows the mean absolute baseflow Stella-MODFLOW residuals. It can be seen that the two models 

produce very similar results, with the largest difference between the models produced for high rainfall and 

low PET.  

 

Figure 55. Residuals of the mean absolute baseflow values between MODFLOW and Stella 

Discrepancy between the baseflow filter and MODFLOW model are expected due to the difference in models 

and has been previously observed in other studies such as those by Cranswick (2015) and Li and Cranswick 

(2016). As well as this, baseflow is recorded from Yaldara in the MODFLOW model, whereas the filter is run 

on Outlet Node 2 in Source (outflow from the Barossa Valley Gorge Zone), a node which is very close to the 

Yaldara gauging station but captures flows from a larger area, and hence produces a larger absolute result.  

Finally, it is noted that baseflow as represented in MODFLOW is to a large degree driven by the relative 

influence of recharge (i.e. water into the aquifers) and extraction rates. A constant value of 2.7 GL/year was 

assumed for extractions throughout each of these simulations; however as highlighted in Section 5.6, 

recharge depends heavily on climate.  As such, it is likely that transient (time-varying) groundwater dynamics 

may be present particularly for the more severe climate scenarios, as the rate of groundwater replenishment 

becomes insufficient to meet consumptive requirements. The results here are based on averaging over the 

simulation period and thus do not cover any issues associated with non-stationary groundwater dynamics; 

therefore, further investigation is warranted to explore the role of any transient groundwater behaviour.  

5.4 Storage in farm dams and climate  

The aggregate (lumped) behaviour of farms dams in the Barossa PWRA is explored here using the Source 

model, and these relationships are included in Stella for subsequent analysis. This section quantifies the 

relationship between the total water stored in all farm dams (Ὓ ) as a function of annual P and PET as well 

as the seasonality of P. The annual maximum farm dam storage is used in this relationship to represent the 

farm dam storage before water extraction for consumption. 

Based on Source results, the relationship included in Stella is a second degree polynomial in P and linear in 

PET, since an examination of responses from one-at-time perturbations in these climate variables indicated 

such a structure (not shown). Ὓ  is the annual maximum total farm dam storage in ML. To ensure realistic 

range for Ὓ  it is necessary to enforce the following bounds:  
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ὍὪ Ὓ  ψȢςυ -,ȟὛ ψȢςυ -, (farm dam capacity in model) 

This parametric equation is implemented in the Stella model, and Figure 56 shows the sensitivity analysis 

conducted on the results from both Source (left), and Stella (right). The value represented for each 

combination of perturbed P and PET is the mean annual maximum farm dam storage/relative change in 

streamflow over the baseline period (1976-2005).   

 

Figure 56. The performance space, both relative (upper panels) and absolute (lower panels) change, of maximum farm dam storage 
from simple scaling, both from Source (left) and Stella (right) results.  

From Figure 56 it can be seen the annual average maximum level in the farm dam storages correspond to 

anticipated patterns, with maximum farm dam storage decreasing as rainfall decreases and PET increases. It 

can be seen that the Source results in general produce a higher range of percentage change than the Stella 

results. The Stella model is also more compressed for absolute maximum farm dam volume.   

From examining the mean absolute maximum farm dam residuals (Figure 57), it can be seen that the models 

have some differences in absolute storage values. In particular, it can be seen that for an increase in rainfall, 

the models are much further apart (0.4 GL) than for a decrease in rainfall (0.1 GL). Although this is not ideal, 
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it is more important to capture behaviour for decrease in rainfall and increase in PET, as these are the 

scenarios which will have the greatest impact on water security.  

 

 

Figure 57. Residuals of the mean absolute maximum farm dam storage values between Source and Stella 

The additional influence of seasonality is shown in Figure 58, for both a slight decrease and increase in the 

strength of the seasonal cycle (left and right panels, respectively) relative to maintenance of the historical 

seasonal cycle (middle panel). The greatest reductions in maximum farm dam storage occur for a reduction 

in the seasonal cycle, which is expected as this corresponds to relatively less rainfall in winter which then can 

be diverted to farm dams. For increases in the seasonal cycle, the annual maximum farm dam storage 

increases. 
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Figure 58. The performance space (absolute change only) replicated for a decrease in the strength of the seasonal cycle (i.e. relatively wetter summers and drier winters; left panel), the historical 
seasonal cycle (middle panel) and an increase in the strength of the seasonal cycle (additional drying in summer and wetting in winter; right panel).
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5.5 Water use from surface water  

Surface water use is calculated by combining extraction from farm dams and extraction from the watercourse 

(streamflow) in Source. The annual maximum total water stored in the dams (Ὓ ) is calculated as a function 

of climate variables as described in the previous section (Section 5.4). The water extracted from the farm 

dams per water year is a function of this available storage. This relationship is quantified at the annual scale 

from the Source model simulations for representation in the system dynamics model. The farm dam and 

water extraction variables simulated using the eWater Source model is used to define the relationship. A 

third degree polynomial is fitted to model the variation in water use from farm dams with the maximum 

available annual storage in the farm dams.  

The watercourse ŜȄǘǊŀŎǘƛƻƴ ƛǎ ƳƻŘŜƭƭŜŘ ǳǎƛƴƎ от ΨǿŀǘŜǊ ǳǎŜǊΩ ƴƻŘŜǎ ƛƴ ǘƘŜ Ŝ²ŀǘŜǊ {ƻǳǊŎŜ ƳƻŘŜƭΦ ¢ƘŜ ǿŀǘŜǊ 

course extractions are spatially distributed in reality, and are dependent upon the amount of water available 

in the stream at the points of extraction. Here we propose to model the total water course extractions in the 

Barossa PWRA as a lumped quantity in the annual scale system dynamics model. A simplified representation 

of the relationship between water course extraction and streamflow may be defined by modelling the 

lumped water course extraction as a function of the streamflow at the downstream gauging location at 

Yaldara. This relationship is quantified at the annual scale using the eWater Source model simulations. A 

linear relationship is fitted to the eWater Source simulations between Ὗ  (the annual volume of water used 

from the water course in ML), and ὗ (annual total streamflow at Yaldara in ML). Since the watercourse 

extractions form a small component of the water balance (up to 400 ML/year), this fitted simplified 

relationship is thought to be acceptable for use. 

The outputs from the Stella and Source models at the annual water scale are then added together to get the 

total surface water extraction. Figure 59 shows the sensitivity analysis conducted on the results from Source 

(left), and Stella (right). The value represented for each combination of perturbed P and PET is the relative 

change in surface water extraction/mean annual surface water extraction over the baseline period (1976-

2005).   
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Figure 59. The performance space, both relative (upper panels) and absolute (lower panels) change, of surface water extraction from 
simple scaling, both from Source (left) and Stella (right) results. 

It can be seen from Figure 59 that Stella and Source produce similar absolute changes for most perturbations, 

but they differ for extreme rainfall scenarios. This is due the Stella model not extracting the full supply of 

surface water if it is not required to meet demand in any given year. Hence less surface water is extracted 

for very wet years than predicted by the Source model. In general, the Stella results are lower than the Source 

results. As surface water is a combination from two different sources, it is difficult to pinpoint the origin of 

this error. Although not ideal, it is considered preferable to underestimate the surface water extractions as 

it is more conservative when assessing water security.  

  

Figure 60. Residuals of the mean absolute surface water extraction values between Source and Stella 

From the absolute residuals (Figure 60) there appears to be less of a difference in the models for the high 

rainfall region than the low rainfall region. The additional influence of seasonality is shown in Figure 61, for 

both a slight decrease and increase in the strength of the seasonal cycle (left and right panels, respectively) 

relative to maintenance of the historical seasonal cycle (middle panel). The greatest reductions in 
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watercourse extraction occur for a reduction in the seasonal cycle, which is expected as less water in streams 

and farm dams corresponds to less water that can be extracted. Increases in the seasonal cycle allow for 

more surface water available for extraction.  
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Figure 61. The performance space (absolute change only) replicated for a decrease in the strength of the seasonal cycle (i.e. relatively wetter summers and drier winters; left panel), the historical 
seasonal cycle (middle panel) and an increase in the strength of the seasonal cycle (additional drying in summer and wetting in winter; right panel). 
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5.6 Rainfall and groundwater recharge 

Figure 62 shows the changes in groundwater recharge, in both absolute and relative terms with respect to 

the baseline period, as a function of plausible changes in P and PET from MODFLOW and Stella. As mentioned 

in Figure 9 we note that the relationship between P and R is derived not directly from the MODFLOW model, 

but rather from an external relationship defined by Li and Cranswick (2016) required for input to the 

MODFLOW model. As expected, it is seen that groundwater recharge increases linearly with respect to P and 

is insensitive to PET. The models also produce very similar results, with Stella results showing a smaller range 

of both absolute and relative change in recharge, as observed for the majority of Source regressions. 

Importantly, the recent decade shows recharge values of approximately 10.2 GL, which already is significantly 

below baseline levels.  

 

Figure 62. The performance space, both relative (upper panels) and absolute (lower panels) change, of groundwater recharge from 
simple scaling, both from MODFLOW (left) and Stella (right) results. 

Figure 63 shows the mean absolute recharge Stella-MODFLOW residuals. This once again shows that the 

models produce fairly similar results, with the greatest changes between models observed for extreme values 

of rainfall.  
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Figure 63. Residuals of the mean absolute recharge values between MODFLOW and Stella 

5.7 Groundwater Evaporation  

Figure 64 shows the changes in groundwater ET, in both absolute and relative terms with respect to the 

baseline period, as a function of plausible changes in P and PET from MODFLOW and Stella. As expected, 

groundwater ET is shown to increase with increasing P and PET. The gradient in groundwater ET is 

significantly larger with respect to P.  

These results, when combined with recharge results, have important implications for water balance 

estimates. Assuming limited lateral flows outside of the Barossa PWRA delineation (see Section 3.5), and also 

assuming a steady state, the difference between recharge and evaporation represents the water available 

for both baseflow and for consumptive purposes. Thus, in the recent decade there was an average recharge 

of approximately 10.2 GL/yr (Figure 62) and average groundwater evapotranspiration is 6.7 GL/yr (Figure 64), 

leaving a residual of 3.5 GL/yr, which is insufficient to simultaneously maintain baseflows and consumptive 

requirements. This, in turn, suggests potential limitations to the steady state assumption, as already 

highlighted in Section 5.3.2.  
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Figure 64. The performance space, both relative (upper panels) and absolute (lower panels) change, of groundwater evaporation 
from simple scaling, both from MODFLOW (left) and Stella (right) results. 

Figure 65 shows the mean absolute groundwater ET Stella-MODFLOW residuals. It can be seen that the 

models produce similar absolute values, and there is no particular trend where the models disagree most.  
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Figure 65. Residuals of the mean absolute groundwater evaporation values between MODFLOW and Stella 

5.8 Groundwater Storage  

Figure 66 shows the changes in groundwater storage volume, in both absolute and relative terms with 

respect to the baseline period, as a function of plausible changes in P and PET from MODFLOW and Stella. 

The expected pattern of increasing storage volume with increasing P and decreasing PET is evident, although 

the gradient in storage with respect to P is significantly larger than that with respect to PET (the storage 

gradient with respect to PET is barely visible). The storage gradient with respect to P displays non-linearity, 

with the steepest portion of the gradient occurring at low P values. 

Note that initial groundwater storage is altered at the beginning of each Stella run in order to better match 

the observed storage levels in MODFLOW using the equation Ὓ ͺ ςτρψρππὖ υσσχȢρὖ

ςςπωȢς where ὖ  is the scaling factor applied to rainfall in a given sensitivity run. Another flux from the 

groundwater storage, lateral groundwater exchange, which is not presented here as it is a small portion of 

the water balance, nonetheless is implemented in Stella with the regression relationship πȢππρσὛ

ψψρȢω. 

The Stella results are very similar to the MODFLOW results and show very similar gradient with respect to P 

and PET, for both the absolute and relative change exposure spaces. Importantly, given a baseline storage 

value over the historical record varying approximately between 690-700 GL (Section 3.9), these results are 

highly suggestive of non-stationary behaviour in groundwater storage levels for more severe climate change 

forcings. The interpretation of absolute values in these results therefore need to be treated with caution 

ƎƛǾŜƴ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŀǎǎǳƳǇǘƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ΨŦƛȄŜŘ ǿƛƴŘƻǿΩ ŀƴŀƭȅǎƛǎΦ  
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Figure 66. The performance space, both relative (upper panels) and absolute (lower panels) change, of groundwater storage from 
simple scaling, both from MODFLOW (left) and Stella (right) results. 

Figure 67 shows the mean absolute groundwater storage Stella-MODFLOW residuals. Given the very large 

size of the GW storage, the residuals show that the models are very close, with the greatest difference for 

low rainfall and PET.   
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Figure 67. Residuals of the mean absolute storage values between MODFLOW and Stella 

5.9 Irrigation demand  

In this section, both irrigation demand models are stress-tested by perturbing P and PET via simple scaling 

with respect to the baseline period. 

5.9.1 Regression Model  

Here we stress test the demand regression model (Section 3.12). Due to their simplicity, the relationships 

underpinning the demand model were implemented directly in the Stella model (therefore no component 

model versus Stella comparisons are drawn below). A censored regression was also conducted, in which all 

years for which demand approached supply capacity (equivalent to an observed use in the Barossa PWRA of 

12GL). The premise of the censored model is that for situations where observed usage approaches supply 

capacity, the actual demand may be greater than implied by the usage. Interestingly, the censored regression 

results were found to be consistent with the standard regression results, and as such the more complex 

censored approach was not implemented here. Instead, to address regression modelling uncertainty, an 

error term was introduced to simulate drivers of demand not captured by the simple regression model.  

The results from Stella for absolute and relative change are presented in Figure 68. As expected, irrigation 

demand (and its percentage change) shows a linearly increasing trend with respect to increasing PET and 

decreasing P. As was discussed in Section 3.11.3, some evidence exists that growers were adjusting to lower 

availability in dry years by pursuing lower yield targets, and as such the regression model may be 

underestimating climate sensitivity of demand assuming that growers are aiming for consistent yields.   
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Figure 68. The performance space, both absolute (GL, bottom; mm, middle) and relative change (top), of regression-based demand 
from simple scaling, from Stella results. 

5.9.2 FAO-56 DCC Model  

We next stress test the FAO-56 DCC model (Section 3.11.2). We perturb both P and PET. We do not perturb 

minimum relative humidity ς a climate variable that is an input variable to the FAO-56 DCC model. This was 

deemed appropriate due to the small influence on irrigation demand of increasing relative humidity based 

on the maximum CCIA projections for the SSWF-West Cluster, which suggests a maximum 3.2% absolute 

increase in RH by 2090 for RCP8.5 (Hope et al, 2015).        

As expected, Figure 68 shows the absolute irrigation demand computed using the FAO-56 DCC model displays 

an increasing trend with respect to increasing PET and decreasing P. Compared to absolute demand from the 

regression model (Figure 68), the FAO-56 DCC model produces a larger gradient both with respect to P and 

particularly with respect to PET. The FAO-56 DCC model also has a much greater range of demand, for reasons 

discussed in Section 3.11 and 3.12.  
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Figure 69. Performance space of relative (top) and absolute irrigation demand (mm middle; GL bottom). The performance space of 
absolute irrigation demand from the regression model is shown for comparative purposes.  

The SARDI results and its implementation in Stella look fairly similar. The Stella results have much smoother 

contours, which is expected due to the nature of representing the model with a linear bivariate regression. 

The Stella model also has slightly steeper contours, but the average value for each perturbation combination 

of P and PET are comparable. It can be seen from the residuals of these models (Figure 70), that the difference 

is small (maximum 0.45 GL absolute difference).  

 

Figure 70. Mean Annual Demand Residuals (GL) between SARDI model and SARDI regression implemented in Stella 
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6 Current System Dynamics 
In this section, the effect of plausible climatic change on current system dynamics is explored. System 

dynamics and performance are assessed using the performance metrics presented in Table 4. The water 

security metrics are first explored using the Stella system dynamics model (Figure 10), and the environmental 

flow metrics are subsequently explored purely from perturbed eWater Source model results. 

Unmet demand is assessed in Stella by ǎƛƳǳƭŀǘƛƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘo meet estimated demand under 

various climate conditions. Estimated demand comes from both estimated vineyard irrigation requirements 

as well as stock and domestic use, and demand varies both year-to-year and with alternative climate 

conditions. The stock and domestic use is included in the observed use for the regression-based model, and 

is added within Stella to the process-based model regression as a constant. The adopted stock use is 1.1, 

0.891 and 0.927 GL/year respectively for the three delineations (Barossa PWRA, Barossa Valley and Eden 

Valley).  

Supply is derived from a combination of surface water, groundwater and external sources (BIL, SA Water off-

peak and Bunyip pipelines). Surface water varies annually based on climate conditions, whereas groundwater 

and external sources are assumed constant and do not vary year-to-year or with climate. Groundwater 

extraction is kept constant, as extraction from this resource has been relatively stable in recent years, and 

there is some evidence that water quality limitations of the groundwater resource prohibit growers from 

further increasing groundwater utilisation. The assumed groundwater extraction is the average annual 

groundwater extraction over the more recent decade (3 GL, 2.1 GL and 0.9 GL for the Barossa PWRA, Barossa 

Valley and Eden Valley, respectively). The full imported water supply capacity is assumed to be available to 

the Barossa Valley (11 GL, 1.5 GL and 2 GL based on BIL capacity, SA Water off-peak averaged over the last 

decade, and reported Bunyip capacity, respectively). As discussed in Section 3.2, 64% of BIL is assumed to be 

supplied to the Barossa PWRA, as well as 40% of Bunyip. The full SA Water off-peak amount is assumed to 

be used in the Barossa PWRA. The Eden Valley has a small contribution from the SA Water off peak amount, 

but otherwise has no external sources. Finally, it is assumed that the stock and domestic use can be supplied 

for all delineations regardless of year-to-year and long-term climate conditions; this assumption may not hold 

particularly under the more severe climate conditions.    

As described in Section 2.1, all environmental flow metrics are based on modelled streamflow from Source, 

at the outflow from the Barossa Valley Gorge (Yaldara) and Upper Flaxman Valley zones.  

6.1 Water Security Metrics  

As introduced in Table 4, four water security metrics are considered in this analysis. These include three 

metrics associated with unmet demand, where unmet demand is defined as the volume of annual demand 

that cannot be supplied through natural and external sources. This value fluctuates yearly based on estimated 

demand for that year (for both irrigation and non-irrigation uses), as well as surface water and groundwater 

availability. The unmet demand metrics are average unmet demand (GL), percentage of years for a given 

perturbation combination with unmet demand, and average unmet demand in years with unmet demand 

(GL). The fourth metric is the ratio of supply to demand that achieves a 90% system reliability, with a value 

of unity indicating that supply meets demand in 90% of years. The results are presented separately by 

delineation.   

6.1.1 Barossa PWRA 

Two alternative approaches were used to simulate current system demand dynamics: the first by using the 

regression model that was calibrated to usage over the recent decade, and the second that uses the results 

of a process-based model. Results from these two approaches are discussed below. 
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6.1.1.1 Water security metrics using regression-based model in Stella  

The regression-based model with error term is implemented in Stella to obtain the unmet demand metrics, 

which is shown in Figure 71. The regression-based model produces no to very low unmet demand for the 

majority of climate scenarios. The climate scenario showing the recent decade (yellow ΨbullseyeΩ) has around 

3.5% of years with unmet demand. Given anecdotal information about difficulties in meeting total demand 

in the recent decade, this is expected to be a significant underestimation of actual demand. This is likely due 

to the assumptions of the regression model, that was trained based on the assumption that historical supply 

acts as a proxy for demand. The results for the average 2050 projections are also lower than expected, with 

also only 3.5% of years with unmet demand, and average unmet demand in those years of 1.5 GL.  
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Figure 71. Unmet demand from regression-based model in Stella for the Barossa PWRA. Left to right: Average unmet demand [GL], percentage of years with unmet demand and average unmet 
demand in years with unmet demand [GL].  

Figure 72 shows the ratio of supply on demand which corresponds to a 90% reliability. It can be seen that the line where supply is equal to demand is right on the 

edge of the most extreme future projections, and far past the 2050 average projections. As we know that the system has already exceeded its limits in recent years, 

it seems more reasonable that this white line should be closer to the high rainfall and low PET projections, and on the other side of the recent decade bullseye.  

Again, this is likely to be due to the assumptions of the regression model, which was calibrated on water usage over the recent decade, and thus would be expected 

to show reasonable performance over similarly dry climate conditions.  
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Figure 72. Ratio of supply on demand that corresponds to 90% reliability using the regression-based model in Stella for the Barossa PWRA. The white threshold line indicates the climate scenarios 
where supply is equal to demand.  

6.1.1.2 Water security metrics using process-based model in Stella  

An alternative approach to calculating unmet demand involves the use of a process-based demand model as shown in Figure 73. The process-based model results 

were employed in Stella using a linear bivariate regression. An error term was also applied within Stella to capture the year-to-year variability of demand in a manner 

consistent with the underlying FAO-56 DCC model. Quantile-quantile plots of the process-based model results and the process-based model regression with error 

term can be seen in Appendix E.  

The process-based model is much more sensitive and predicts higher demand than observed use for some years in the calibration. The climate scenario for the 

recent decade shows around 30% of years with unmet demand (Figure 73, middle panel), which is closer to expectations based on anecdotal experience of severe 

water stress over the recent decade. This is likely due to the high demand in certain years caused by the large year-to-year variability in the FAO-56 DCC model 

results, with the demand from the FAO-56 DCC model far exceeding observed use during dry years, implying that use would have been greater in those years had 

supply been available. As the recent decade climate scenario sits within the middle of the future climate projections, the average 2050 scenario is not that far from 

the recent decade, with around 35% of years with unmet demand and 2.2 GL average unmet demand in these years.  
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Figure 73. Unmet demand from process-based model in Stella for the Barossa PWRA. Left to right: Average unmet demand [GL], percentage of years with unmet demand and average unmet demand 
in years with unmet demand [GL]. 

Figure 74 shows the supply on demand ratio using the process-based model. It can be seen that the line where supply is equal to demand at least 90% of the time 

(corresponding to a system reliability of 90%) is to the top left of the recent decade climate scenario. In contrast, the 90 percentile of the ratio of supply to demand 

is equal to 0.88 based on the climate in the recent decade, implying that supply would need to be augmented by 1/0.88 = 14%  in order to have met the criteria of 

90% reliability for the recent decade.  


















































































































































































