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Executive Summary

The South Australian Department of Environment and Water (DEWéyedoping a water security strategy

for the Barossa and Eden Valleys. To support the development of the strategy, this report describes the
2dzi02YSa 2F | OfAYIGS waaNBaa GSadQ 2F o1 GSNI NBaz
the yea 2050, with consideration of:

1 Current and projected future availability of native water resources (surface water and
groundwater) under current and changing climate conditions;

1 Current and projected future demand for water, with a particular focus ogatidn demands
from the viticultural industry; and

1 Implications of a set of possible adaptation pathways identified as part of the Barossa and Eden
Valley water security strategy.

Building on significant prionvestigationanto surfacewater, groundwaterand imported wateresourcesn

the region,as well asinderstanding olemandpatterns(including but not limited tawineyardirrigation), an

integrated systems modelling framewoltas been developedo support this research. The modelling
framework enales 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

LI 6Kgledad 2 KSNB LJ2aaiof SIoathwisWadaptedAinclidig dutngt Brited2o¥ S &
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 finding of the research are as follows.

1 Relative to a climatological baseline of 125, three climate modelling lines of evidence (Climate
Change in Australia, Climate Re#&# and NARCIiM) mostly indicate a drier and hotter future
climate, but with a verjarge range oplausible future projectionscluding a minority of projections
indicating increases in precipitation. TAenual average precipitation over thost recent decade
(2011:2020)was10%lower and potential evapotranspiration waé%higherthan the climatological
baseline, and these conditiomse broadly consistent witmedian projections for climate change in
2050.¢ KAa AYRAOFGSa (KIG (GKS Wt AOBSR SELISNASYyOSQ
WwieLA Ol tQ T dzi agNahilst®dcdgnisingi tBe higi2 I¢vBId\ di wagayility and that future
decades may be substantially wetter or drier than the recent decade.

1 Native surface water resources represent a small and diminishing resource from an irrigation supply
perspective over tie last decade, and this has been offgatrtially by increasing utilisation of
groundwater resources. The sensitivity of recharge to climatic changes, and the importance of
preserving groundwater levels frobioth ecologicaland water securityperspective, suggests that
recent groundwater extractions may not be sustainable if continued over the longer. {Ehia is
likely to be the case particularly for the more severe climate change projections, but may also apply
for more moderate projections. Combinedttvthe surface water findings, these results imgiat
imported waternr which is already a dominant source of water for the Barossa \tailély continue
to play a critical role in supporting water security for most future climate scenarios, particularly if
accompanied by an objective of preservation or imgment of aquatic ecosystem health.

1 There is evidence thatater suppliesn the recent decade did not meet irrigation water demand for
both the Barossa and Eden Valley delineatidiiee magnitude ofuture water demand over mult
decadal time horizonis highly uncertain, and will depend on factors sucfilasystem performance
requirements (including but not limited to desired system reliability); (2) future irrigation
requirements(including irrigation strategies on established vineyards as welbssilfle expansion
of vineyard areg)(3) other water requirements (e.g. town water and/or industrial needd);



objectives related to environmental flow restoration; and &psumptions regarding future climate.
For most combinations of these factors,ist clear thatlikely demandsfor water exceedcurrent
suppliesfor most future climate scenarios; however scale of any augmented water requirements
depends significantly on a range of modelling assumptions.

9 Four potential adaptation pathways have been itied, 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 adptive pathways achieving greater than 90% reliability for-raitge 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 reliabilityjhbuyiresence of
balancing stores may also make an important contribution. Several pathways converting farm dams
to balancing stores, and this strategy was shown to prodsecme benefits in terms of key
environmental flow metrics.

1 The relatively low utifiation of native water sources (both surface water and groundwartethe
recent decade and under most climate change scenasigggests a potential opportunity for
reducing reliance on these sources and achieving stream restoration benefits in the thaént
additional imported water becomes available. Howeviie scale of climate change impacts on
environmental flows suggest that) orderto achievestream restoration objectivesnder a range of
climate change projections, the farm dam strategy wouleka to be accompanied bgther
strategies (e.g. linked to groundwater system management and/or more agtivieonmental flow
managemenythat collectively are able to restore flows to the stream

Finally, it is noted thathe study was designed to pralg an integrative systerwide perspective to inform
strategic planning and policy developmeiithe results presented herein should not be used for detailed
sizing of imported water sources and/or balancing stoldsreover,whereas the pathway results suggt
that maximum water security benefitare achievedor the largest imported water capacities, net benefits
have not been considered with respect to financial costs and other fachmi the largest capacities may
not deliver the greatest net benefit® the community when these additional factors are taken into account
Similarly from an environmental point of view, key areas of uncertdimtjude representationof surface
water / groundwater interactior{including the spatial heterogeneity of thesadractions) andthe role of
on-farm sustainability practicesFurther investigation may be warranted to develop an integrated
environmental flow restoration initiativelt is therefore hoped that rather than represent the conclusion of
a process, this ragt represents a step along the way of an-going journey of improved system
understanding and adaptive management.
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1 Introducticand Background

1.1 StudyObjectivesaand Report Outline

The South Australian Department of Environment and Water (DEW) is developing a water security strategy
for the Barossa and Eden Vallegs. a part othe development of this strategyhe University of Adelaide

has been asked tpartnerwith DEW tcevaluate the water securitgcrosghe regionboth now and over the

next 30 yearso the year 2050with consideration of:

1 Current and projected future availability of native water resources (surface water and
groundwater) undecurrent andchanging climate conditions;

1 Current and projected future demand for water, with a particular focus on irrigation demands
from the viticutural sector; and

1 Implications ofa set of possible adaptation pathways identifigsl part of a new Barossa Water
Security Strategy

Given the significant climate uncertainty over theminated30 yearfuture horizon, this study will apply the

W/ EAYEASYyWSar aaSaaySyid CNIYSg2N] lofdRmallydtedsdéshed / w! C
Barossa watesupplyanddemandsystemunder a rang of climate scenario)2 Yy a A RSNAyYy 3 620K
system configuration and range ofidentified adaptdion pathways The frameworkcomponent of CRAFT
comprises five distinct steps as illustratedrigurel, and involves strestestingeach system configation

under a range of future climate scenarimsa manner that supportadaptivedecision makingWhilst the

steps are described sequentially in Bennett et al (2018), in practice there is significant iteration associated
with each step amsights are generatednd asnew information comes to light.

Assess alternate
operation rules, system
| designs and other System
management options

"., 'f.'l"‘ ) ‘ﬂx:.'-..::‘ .- \ ,L%:‘) Decision
Deline Siress test Incorporate
problem & system 10 3 climate model
system wide range of projections &
performance plausible future other hines of
measures changes ondence

Figurel. The Climate Bikence Assessment Frameadabied froBennett et al, 2018).

The workin this reportrepresents the first application of CRAFT to a problem context of the scale and
complexity of the Barossand Eden Valley water resoursgstem As an applied reseangroject undertaken

by the University of Adelaide on behalf of DEW¢ work seeks teimultaneoushd dzLJLJ2 NIi 592 Q& AY
needs in the context of Barossa water security planning, while also developing the framework and tools to

be generalized to othecontexts. As suchthis project hashree primary objectives:
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Objective 1. Apply CRAFT to the Barossa and Eden Valley water resources system in argpeototse
development of a regional water resources strategy

Objective 2 Articulatethe valueadd ofapplying CRAFT to water security assessments focontplexity
water resourcesystems such as the Barossal Eden Valleys

Objective 3.Identify and where possibleimplement improvements to CRAFTaonhance applicability and
generalizability of both ta framework and tool$or future applications

This reportdescribesthe application of CRAFT to the Barossa and Eden Valley c¢btgettive }, with
Objectives 2 and 3 covered in an accompanying refbe remainder of Sectiofh of this report povides

further context to the study argaand summarises variotnstorical investigations and modelliragtivities

that have significantly infornmekthe present work. Sectio then provides the outcome of Step 1 die
framework part of CRARK Sy OS ¥ 2 NIi K NX ¥ SNNB R Figdtel)) aad thusidessribds ik Y S 4 2
approach tosystem representation, including the description of system performance measures used for the
remainder of the analysid he wakr 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 staresfluxes associated with

each part of the water balandethen presented in SectioB

Future climate scenariage required both for Step 2 diie framework(particularly with a view to delineating

GKS o02dzyRa 2F WLI I dzaAof S FdzidzNB OKIy3aISaQo FyR F2N
the primary lines of evidencesed to inform the climate change analyar® documented in Sectioh The
2dz02YSa 2F (KS 3aeé athdSramewariantharsdocilindeated i twio phased Jrha firse F
phase represents the outcomes of the ssdests separately fazach of the key components of the system,

and thisisdocumented in SectioB. The stress test is then conducted on the integrated system inading

a modelling framework thatombines each of the key system componenasid this is summarised Section

6. Though a separate process associated with tatenstrategy 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 4hef framework and the outcomes of thesdress tests are
documented in Sectiorb.2 This section also provides a comparison between the different adaptive
pathways, with a view to supporting subsequent damismaking processes as articulated in Step 5 of the
framework.

1.2 Study Are¢s)

The area of studgompriseshe Barossa and Eden Valieyith variousalternative delineations shown in
Figure2. The largest delineation is the Barossa Geographic Indicator zonehandrm \BaossaValley(s
often usedinformally to refer to vineyard regios located within this zone. However, official regional
definitions aretypicallydifferent from the informal usage®f this term Glzonesare official descriptions of
Australian wine zones prepared by Wine Austridigrotect the integrity of theregionallabek. A specific
regional label can be usdd brand wines only if theyare prepared using a minimum 8566 the fruit from
the Glzone

The Barossa Glonecortains two very distinct wine regions: thigaiossa Valley and Eden Valldyese wine

region divisiors are based on attributesof the region including elevation, climate, andhe dominant
winegrape varietieshat are cultivatedin the region The location of the vineyards in the Barossa Gl [as of
December 2020, received from DEW] are overlaid on the regional delineations of the wine rediangén

2, and highlight differences in vineyard density across the two wine regtamthermore, the Barossa and

Eden Valley wine regions are also different in termshef availability of external water from alternae
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 {@iéreas the
vineyards in the Eden Valley wine region are not and thus have much more limited water supply options.
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boundariedight blue) adelineated liyovernment 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 allocagimning.Importantly, theBarossa PWR#so defineor
partially definesthe spatial extent ofseveral of the numerical adels that areused to represent key
processes described in this repofthe spatial boundaries of tigarossdPWRA are different fra the wine
region definitions due to differences in the intent of their usageparticular whilstthe Barossa Gl and wine
regions are defined to protect the regional labels, B&rossdPWRA is delineated roughly based on natural
catchment boundaries sl 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 Sasi@teek 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 tgnificantinvestigation 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 delineatilis, report provides the results from
analyzing three separate delineatiorte Barossa and Eden Valley wine regions, and the BafafRA.
Where there is significardverlapbetween 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 fromall threedelineationsare provided in the body of this report.



1.3 Historical and current land use in the BaresshEden Valley regions

The Baross&eographic Indicator (Gl) zoi@most widelyrecognisedasone of Australlk Qa LINBS YA S NJ
making regions, and aldmas avibrant 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/highlight?016 accessed 27 Sep 202This is equivalent to an annual

L322 Lddzf F A2y IANBGGK NI GS 2F mMow:>:> gKAOK Aa aftA3akafe
~1.5% over this period (e.ghttps://data.worldbank.org/indicator/SP.POP.GROW?locationg=/Key
townships include Nurioga, Tanunda, Angaston, Williamstown and Lynddglven the importance of
viticulture in this regin, 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 tinMost recently, he Barossa anddeén valley regions witnessed
significant increases in vineyard areluring the early to mi@000s(Figure3) as part of what has been
NEFSNNBR (2meyd SOKR FYTKBIK diaiNI t Ay gAYS Ay RdzdNE
My nQa YR O2yiGAydzsSR dzyGAf | LILINR E A Yigire3 fiodal plamtedly 6! y
area subsequently stabilized with only very minor growth in planted area from 2008 until present
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Figures. Planted vineyard area for the combined Barossa and Eden Valley regions obtained from Vine Health Australia Pr
Reportg$Sourcenttps://vinehealth.com.au/newsiemraperishrsurvey/accessed 20 September)2021

Figure4 shows the trend in percentage of plantedea of different winegrape varieties in the Barossa and
Eden ValleysWhilstshirazconsistentlyhas been the single most common winegrape variatihe Barossa
Valleyover the period since 2001, there have been significant chandgbs melative composition of different
varietiesover the last two decaded-or example, red vaiies 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%cross the two valleysver this period. This increase was offset bmare 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 rematl more steady over this period, with white varietiegnsistently
comprising approximately 485% of the overall Eden Valley planted area.
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Figured. Trend of area of white, shiraz, cabernet sauvignon and other red paretiesge of total planted area in the
Barossa Valley (top) and Eden Valley (lodttaimgd from Vine Health Australia Production Reports (Source:
https://vinehealth.com.au/newsiemraperusksurvey/accessedd2Novembe021)

Figure5 show the historical grape yields per hectare from the Barossa zone. The grape yieldsgtibgant
yearto-year variations, ranging frord T/ha or morein the early period toa low of2.3 T/ha for2020
moreover, a visual inspection athis time series suggestshat appearsa trend of declining yieldsThe
reasons behind the declines are not explored in the available repex®wed in this researchbut is
generally thought to be due to changes in climate arslociated increase mater scarcity as well as a trend
G261 NRa WLINB YA dzY A & . THe 2hayes anFinegaeigaSandiaNgty Bvez@hé peziod of
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recordalsomay have an influence on the average yield, thotigs has not beementioned in the available
reports.

These three factors the planted area, the winegrape variety and the yieleepresent important controls
on overall waterdemandfrom the viticulture industryin the region.anddepicting changes to these controls
through time helps tallustrate the highly dynamic nature of thimdustryover a timespan of 20 years. This
has important implications whedeveloping plausible future water balance scenaeer multi-decadal
timespans, with the horizon for th8arossa Water Security Strategy spannipgo 2050.
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Figures. Average grape yipkt hectare fibre combined Barossa and Eden Valley regions obtained from Vine Health Australi
Production Repdi$ourcehttps://vinehealth.com.au/newsiearaperusksurvey/accessed 20 September 20altulated
as total crush divided by planted vineyard area.

1.4 Historical évelopmentfo t he Bar ossaf6s water infrastr

Water infrastructure in the Baross@l zonehas developed significantly oveecent decadeswith key
RSOSt2LIySyia FftAIyAy3d gA0GK O2NNBalLlRyRAy3I RSOSt 2L
summary of available information on the historical development of infrastructure is provided here, with the
LIKNJ &S Wg I (G SNJI A Yreadly as dompa€ing daiyBiskribuRes @ seyiti@IRed physical asset that
enables access to native and/or imported water sources.

1.4.1 Farndams

Farm dams are a majatorage of surfacevater across the regionDuring the period from early 1970s to
1991 therewas reported tohave beeraten-fold increase in farm dam storage capacity in the Barvsdlay
(JonesGill and Savadamuthu, 2014). Farm dam developrhastsince slowed, particuladince prescription
of water resources andhe development ofwater allocation plansfor the region (Jone§ill and
Savadamuthu, 2014).

Farm dams are used in the region to capture surface water for irrigation, stock, and domestic uses. The dams
used for irfgation 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 theselim@msed dams are estimated based on aerial
surveys (Jone&ill and Savadamuthu, 2014ocusing fst on the Barossa PWRA, it has been estimated that
there area total of 1780 farm dams ihis region(Tablel; Montazeri and Savadamuthu, 2020f which255

are licened dams with a total capacity of 5.94GL. The remainder (1525 dams) asécenced with an
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estimated capacity of 2.76 GLablel). Thus, the total estimated storagepzcity of the farm dams in the
PWRA is 8.70 GL, 68% of which is licensed for irrigation use (Montazeri and Savadamuthu, 2020).

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

Delineations Damcount 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 delineatidrete area total of 1346 dams with a capacity of 5.89 GL, of whith

dams with the capacity of 2.91 GL used for licensed purposes, and 1173 unlicensed dams with the capacity
of 2.97GL are nodicensedTablel). For the Eden Valley wine region, there are 1884 farm dams in the Eden
Valley with a total storage capacity of 8.45 Gahlel). Of these, 206 dams are licencedth a total capacity

of 5.36 GL. The remainder of 1678 farm dams are-lc@msed with an estimated capacity of 3.09 GL.
Dam information was extracted from the Topography Watelibsd
(https://data.sa.gov.au/data/dataset/waterbodiem-south-australig on 30/8/2021.Recognising that the
Barossa PWRA sits wholly within the Barossa and Eden Valley delinedtiars be estimatedhat the

overall Barossa Gl zonkas 3230 farm dams,omprising a total storage capacity of 14.34 GL, of which
8.27 GL (58%) is licensed.

Whilst rainfall represents a major input to farm damseadotaly 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 demaadsmight occur duringeatwaves. 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 madtiel $ource model discussed furthein Section

1.5.2.

1.4.2 Imported wateppline systems

The Baross#alley wine region usewater from external sources for irrigation. These external sources of
water are the River Murray and storm water harvestesim 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 offJS+ 1 o ! LINAf G2 h OG0 206 SNIIS& §TkeiBy o0 U S
pipeline connection is available only in the Bardgaidey wine region and services 75% of ¢glnewers within

that delineation(Source: Options consultation report). BIL has an annual capacity of 11 GL/year as of year
2020 (Source: BIL annual op. The water supplied by the BIL pipeline accounts for the largest irrigation
water use in the Barossdalley in the recent period. There has been progressive expansions of the BIL
pipeline capacity since its inception in 2002 to cater to increasingadesfor water, as shown ifable2.



Table2. Historical expansion of BIL capacity (Source: BIL annual reports)

From Year BILCapacity (GL/year)
2001/02 (inception) | 7

2014/15 8

2015/16 9

2018/19 11

In addition to the BIL schemstorm waterfrom Gawler is delivered through the Bunyip pipeline that services
the Seppeltsfield Vineyard in the western edge of the valley flabnostall of the water from the Bunyip
pipeline (up to 2 GL) is delivered to Seppeltsfield after taking out S5OML to servieketett region (Barossa
Wine and its Ecosystenm. d). The Bunyip scheme started operation in water year 2016 (SoBrogyip
Water Pty. Ltd, n. ¢, and secures water from a mix of storm water runoff from urban areas in Gamter
recycled water from the Bolivar treatment plant.

Figure6 showsthe layout of BIL and SA Water pipelines in the region. The figure does not include the Bunyip
pipeline, but the approximate location of Sepsfikld vineyards that receives Bunyip water is marked for
reference.

Eden\alley

—— BIL Pipeline

—— SA Water Mains &
Distribution Pipeline

— —

Figures. The dyout of SA Water and BIL pipeline network and the approximate location of Seppeltsfield vineyards that recei
from the Bunyip pipeline

1.4.3 Groundwateesources 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 pumpysiems. Anecdotally, some wine grape growers have also
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invested in smalscale desalination to address water quality (particularly salinity) issues, although little is
currently known about the penetration and/or likely future update of this technologythe context of
ANRPdzy RglF GSN) I aaSGas WAYTNI adNHzOGdzZNBQ G Kdza NBTSNA
the groundwater resources.

DNRdzy Rgl G§SNJ 200dz2NE LINBR2YAYlIyGte @gAGKAY |y WdzLLIS
sedmentary 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 BarossPWRAand Eden Valley, as shown Figure7. The number of licensed wells for the three

study areas are presented irable3. The reader is referretb Li and Cranswick (2015) for details regarding

the hydrogeological setting of tHearossPWRA.

Table3. Number of licensed extraction vibithiree study areas

Barossa PWRA Barossa Valley Eden Valley
Fractured 216 145 165
Lower 116 124 1
Upper 78 85 0
TOTAL 410 354 166

Barossa Gl Region
Groundwater Resources

Wells
#*  Frackred aguifer
A Loweraquifer
©  Upperaquifer
Major watercourse
[ catchment boundary
| Lower aquifer extent
-1 Upper aquifer extent
Fractured rock aquifer extent
D Barossa Valley PWRA
[ sarossa vaiey wane region

] cen vatey Wane region

Prescribed waler resource area

A

Sadnders Creek

Figurer. Aquifer extent majh 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 teehused 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 aquiferg.(ehigh 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 showigure7. The relative
proportion of groundwater abstraction from different aquifers, as well as historical abstraction and allocation
trends, is discussed Bection3.6.

Groundwater from the upper sedimentary aquifer is not commonly used for irrigation due to its high salinity
(90012000 mg/L); a generally accepted salinity threshold limit for irrigadiovines is 1500 mg/L (Cranswick

et al., 2016). Groundwater within the lower sedimentary and fractured rock aquifers, however, display
significantly lower salinity (468000 and 458500 mg/L respectively), and is therefore abstracted for
irrigation wate supply. Groundwater salinities in the sedimentary aquifers are reflective of recharge
mechanisms; for example, low salinity groundwatgaically is presenin proximity to losing rivers. Salinities

in the fractured rock aquifers, however, are highlyigate and more difficult to explain (Cranswick et al.,
2015). The relatively saline water abstracted from the upper aquifer is sometimes mixedS ®> Wa K| vy
with lower salinity water to provide an alternative irrigation water supplhilstgroundwate salinity varies
significantly spatially, changes in groundwater salinity trends have also been observed in sonsrmeas
the 1990s (Cranswick et al., 2015)

1.4.4 Soil moisturesources and associated infrastructure

Similar to groundwater, soil moisturgi i KS dzLJLISNJ dzy &+ G dzNJF G SR T 2y S NI LINEF
water storage that is often managed actively and deliberately through irrigation within agricultural contexts.
Robinson and Sandercock (2014) reported on the available water holdirgitapAWHC) of soils in the

greater Barossa region. AWHC is an indicattwiow 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 he heterogeneity in soil type, water quality and topography, the majority ofBheossa

PWRA displays high (>100 ¢mpderate (76100 cm)or moderately low(40-70 cn) AWHC, with highest

AWHC values typically occurring in the Barossa Valley Witte ©me of the areas with high AWHC already
support vineyards within thBaross®WRAthere is also the potential for vineyard expansion into areas with

high AWHGhat are not currently utilisedor viticulture purposesThis has importarimplications on capacity

to expand irrigated agriculture in the future.@.,the potential fornew plantingsn the future, and the likely
irrigation demands for these plantings depending on the AWHC in any newly plantedl S&aibsoisture in

these regons is managed through irrigation practice, for the purposes of reducing grapevine water stress to
d42YS RSINBS 6Sov3ads WRSTFAOAG ANNARIAFGA2Y Q0 o0& &dzLIL
drippers.

1.5 Previous water resouraevestgations ananodels
1.5.1 Summary of historical investigations

Historical water resource investigationsave primarily focused oithe Barossa PWRAelineation, to
understand the rate of resource use in tBaross?WRA and the impact of water use on the natstake

of these resources. Over thgast decade, thesanvestigations have been performaging two primary
models an eWaterSource surface water model and a MODFLOW groundwater médaeumber of key
references provide useful background to the models aladasets used in this report, and these are
summarised briefly as follows:

1 JonesGill and Savadamuth{2014)establisheda hydrological model to incorporate rainfalinoff
relationships together with surface water uséhis model was usdd 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 thathe water use from farm a@ms and watercourses have reduced the average
annual streamflow at Yaldara by around 23%.
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1 Montazeri and Savadamuth(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 findstbat
the current level of development (farm dams and watercourse extractions) has potentiallgeed
the average annual streamflow in the Barossa PWRA by around 17% (>50% during dry years)

1 Hancock et al. (2014) studied interactions between groundwater and surfacy systems in the
Barossa PWRA, afaundthat the groundwater and surface watsysemscan generally be classed
Fa WKAIKEe O02yySOGSRQ>Y gAGK | O2YO0AYylFGA2y 27F 3
season and location.

! Cranswick et al. (2015xonducted a peliminary assessment of the capacity of groundwater
resources in e 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
delineaions and groundwater management zones. Total resource capaeitestimated to be
between 345 and 975 GL/y (median = &1 GL/y), and the preliminary extraction limit (PEL) was
estimated to be between 1.25 and 4.28 GL/y (median = 3.31 Glhigexceeekd the 10year average
groundwater uset the time(2.09 GL/y), but several high groundwater use years exceed the PEL.

9 Li and Cranswick (2016) reported on the groundwater model development and application. The
model builds upon Cranswick et al. (2015) tdtar 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 senarios)t KS Y2 RSt 61 a RSSYSR (2 0SS WTAG ¥F2N Ldz
regional flow processes with medium to high confidence in 11 of 12 proposed groundwater
YI y I 3SYSySicenard dnflyis€sdeveal that groundwater levels stodages remain stable
under climate change scenarios where recent-yg@r average groundwater abstraction is
considered. However, mmping at full allocation (7.8 GL/yeawas found to causedramatic
reductions in groundwater storage, whereas pumping g fhighest pumping years during the
period 20062015 (3.5 GL/yeaglso causedeclining storage trends, dampened in confined aquifers,
with moderate reductions in baseflow in proximity of pumping.

9 Cranswick et al. (2016) integrates the findings of Crasiseti al (2015) and Li and Cranwick (2016).
¢CKS YIFIAY 202SOGAGS Aa (2 RSGSNX¥YAYS WwWadzadlAylof
GKS 2 0SNI 1 tf20liGA2y tflryd ¢KS NBLRNI R2Sa az
(2016) malelling results towards policy development. The reparégenteda 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 hamebserved)Based on this
work, the aggregated Barossa PWRAS estimated to hava resource extraction limit (REtgnge
of 3.12 to 3.58 GL/y. The lower limit is above the recenydér average abstraction rate.

Further information pertaining to the kesurface water and groundwater models used in the study area are
described in the following sections.

1.5.2 eWater Source

JonesGill and Savadamuth{2014) developed a model of the surface water resources of the Barossa PWRA
in the eWater Source modelling platforfthe model was calibrated usisteamflowdatafrom 01/06/2003

to 01/06/2013, and validated for the peridell/06/1999 to 30/05/2003Montazeri and Savadamuthu (2020)
updated themodelto include additional farms dams amdiso extended the data used for calibratifursing

the period from 2003 td2016. The development of the surface water model detailed in these reports is

IWSLE2NI g+ta y20 FAYI{ YBIGR RIKSPARNE EPQLEZ2NBYI Aya Ay Wdz
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briefly summarizedh this sectionThe reader is referred to the DEW surface water modelling reports (Jones
Gill and Savadamuthu, 2014; Montazeri and Savadamuthu 2020) for more detail.

The Barossa PWRAdiwided into 365 minor sulsatchmentdor surface watemodelling The rainfaltrunoff
behaviourof these sukcatchments are modelled using the GR4J formulation in the eWater Source software.
The division of these subatchments are based on multiple facs such as locations of farm darisénsed

water extractions, streantidw gauging stations, locations required for ecological flow assessments
environmental flowsand/or scenario testingSix functional units based on landuse and soil texture are
represened in the rainfallrunoff models The eWater Sourcemodel excludesSiockwell Greek, Victoria
Qeek, 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 thBarossdWRA are modelled using the fadam plugin in eWater soue. The volume

of farm dams used for licensed extracti@argavailable from the surface water licensesdthis information
isused in the model. For unlicensed farm dams, the madek information from an aerial survey undertaken
in 2012.The surface i@a of these farm damare available from thaerialsurvey and an empirical estimate

of the farm dam volume from the area is used fite modelling. The annual water demand from licensed
farm dams is prescribed using the historical water use data from 2005 to 30h8arly, the historical water
use from water course extractions are ustxprescribe the demand of water users in the modebr
unlicersed stock and domestic fardams,an annual water demand of 30% of the dam volume is assumed
and prescribed in the modeés historical wateuse data is not availabl&he annual demand numbers are
assigned a seasonal pattern following the monthly distiitn of potential evapotranspirationThe 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 sourceeitoddaily 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
modd exhibits an RBsquared value of 0.95 and NaShitcliffe 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 (eaterl 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
catthmentusingeWater Source. Previous surface water assessments and modelling were undertaken in the
Upper Marne River catchment with WaterCress by Savadam(@®®2 which contributed to the
development of the Marne Saunders WAP. The WaterCress model less upslated and refined and
ddzLILIR2 NLia {2dziK ! dZAGNI £t Al Qa NBIdANBYSyYyGa dzy RSN (K
explicitly represents all runoffapturing farm dams and licensed extractions and diversions and exhibits a
similar level of functinality to the existing WaterCress model.

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

9 197%88: chosen to replicate the original calibration undertaken in WaterCress, which is also the
calibraion 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).

1 197%2019: chosen to undertake calibration for the longest period of available streamdegriag
both streamflow gauging station records. Poor quality data #oa daysbelow 0.1 ML/d were
filtered out in the calibration.

1 2010;19: chosen to calibrate to the recent peelillennium drought conditions. The data used for
this calibration stage waunfiltered and was solely from the newer streamflow gauging station
(A4260605).

12



The model has been calibrated abserved streamflow data for the main streamflow gauging station in the
Marne Gorge (A4260605). Daily flow duration curaes described asdvinga general good fit between
modelled and observed datés part of the model validation, each of the three model versions were run for

the same period (1972019).Model validation has shown that the 1978019 calibrated model preformed

0Said ASWIBEAINE | ONRPada (GKAA LISNA2R yR Y2RStf SR ai
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 comgdo 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.
Forexample,the 19 nmdp 6Said NBLX AOF GSa Wi1Ddwdbansoe agpidpfilRel ( A 2 y
for a WAP review or climate change analysis if the dry years are expected to continue in to the future.
Neverthelessthe 19752019 model version is used in this stilyA @Sy (G KIF G GKS WaiNBaa
range of scenarios comprising both incriegsand 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 ofjroundwater resource capaciys well asappropriate ranges of sustainable
extraction limits (which areused to inform the WARollowing subsequent analys by Cranswick et al.
(2016). The model was designéd simulate regionakcale groundwater processes that are deemed to be
relevant forgroundwvater resource management and policy édpment, includingegionatscale aquifer
responses to different climate and groundwater abstraction scenarios. The model was the first of its kind
(e.g., capable of simulatirgjress impacts in space and time) for haross®PWRA.

The modelintegrates diverseand recently updated data and knowledge streams. In particular, the model
was developed and calibrated on the basis of hydralidrochemicalkndsalinity observation datags well

as baseflow andgroundwater age estimates. It also tégrated recently updated Barossa PWRA
hydrogeological knowledgde.g., independent tim@veraged waterbalance estimatés reported by
Cranswick et al. (2015), and recent work on surface wgteundwater interactiosby Hancock et al. (2014).
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2 Conceptual representatiorthef Barossa Water
Resources System

Developing a quditative representation of a given climatensitive systemepresents a core component

2F GKS /w!C¢ WadNBaa GSaidA joBaesessnmehtsf Bog ehiidyes in tlignatid G LIN
forcings lead to changes in systestates,fluxes, and outcomeg@he latter referred tohere as the system

W LIS NF 2 NI lthig estian the highevel conceptual approach to system representation is described,

with more detaileddescription of each of the key water stores and fluxes described in S&ction

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

descrile the Barossa and Eden Valley water resource systei{s}s most basic, the delineation of the

system used in CRAFT is illustratedrigure8, andshows that the climatesensitive system represents a
YIFLILAY3I 6S0G6SSy GKS Ot AYIFGS FT2NOAYy3IA 02 NIh@fermY !l G S
Ya32aldSY Y2RStQ NBFTSNAR (2 GKS ydzyYSNAOFE AYLX SYSyil
The CRAATLILINRB I OKX & | aLISOA Fdel0Q AQILX BIYBY A YIWR GG 21Fa a9 &
measures of system performance as the starting point for determining system representation. As such,
measures of performance used for the remainder of the analgst now described.

Climate
inputs Performance
| > |
Figuu8Def i ni ti on of &ésystem model 6 used in CRA

2.1 SystenPurpose: Definingerformancletrics

Defining system purpose is a core decision that influences all other aspects ahsystdelling, and is
characterized by its normative content in that it ultimately depends on the values of key stakehotdkres
than being something that can be rationally determined by technical exp&hs keyelementsof system
purpose for the Baras and Eden Valley water resource eyst have been identified by DEANd supported
through a series of stakeholder workshopad comprise two key dimensions

91 Provision of water security to consumptive eunsers (predominantly but not exclusively agricud
users) and
1 Maintenance or enhancement etologicabutcomes

2Within the systemsll i SNI G dzZNB > &deadSvya FNB dGeLMAOrffe RSTAYSR o6&
for natural (noRK dzY' I y0o &ae@aidsSvya ¢KAES WLHN1IZ2&aSQ A& Y2NB O2YY2yfe@
is more commonly used in the risk litei dZNS A ada W202S0GAQ0SaQ o0Ay (G(KS &aSyas
202S0GA0SaQud /w!C¢ KFIa GNIRAGAZ2YylIfte dzaASR aeadsSy wLSH

objectives; however it is noted that in the context of thiport these terms can be used largely interchangeably.
14



In translatingthese dimensions of purpose into quantitatigerformancemetrics, it is noted that the scope
of the modelling described in this report comprises simulation of changesysigdl stores and fluxes of
water throughout the water resources ared his leads to the metrics describedTiable4, where:

1 Metrics associated with water securityearepresented largely in terms of either volume of unmet
demand, or percentage gkars with unmet demand; and

1 Metrics associated with ecological outcomes are base@amiogicallysignificant 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 balan@dsaghe need for a sufficiently small

set of metrics that can be analysed consistently and tracked overaidecross different adaptive pathways

to support decision making/arious additional system metrics, including intermediate calculations, ace al
documentedin various places throughouhis report; however the metrics described Table4 are the
primary metrics used for comparison of the baseline system perdmce and adaptive pathways as
described in Sectiorand6.2

Tabled. Summary whtersecurityand ecologicalstenperformanceetrics to be explored in this report

Metric Type SystemPerformance Metric | Description

Water
Security

Average unmet demand

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

Percentage of years with
unmet demand

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

Average unmet demand in
years with unmet demand

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

Ratio of supply and demand
for defined reliability

The total available water supptlivided by the
demand in a given yeadll the ratios for a given
perturbation scenario are ranked smallest to largest
and the third smallest year is chosen for the
perturbation combination. This corresponds26%
reliability (39 worst year out of 30).

Ecological

How days

The number of flow days gives an indicatiof stream
ecosystem health, as days with no flow can negativ|
impact dependent flora and fauna. Flow days are
defined as any day with flow greater thQrO5ML

Medium flow days

The number of flow days larger than the'50
percentilerelative 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 metéioth 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 willbe 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 foreggmting ecosystem health, respectively.

2.2 System Representation

Il F @Ay3a ARSYGATASR GKS aeadsSvyqQa wiSe LISNF2NXIyOS
framework to capture key system dynamtbst can influence the state of each performance metgthin

the scopeand constraints of this study, the modelling framework should be:

1 Capable of representing the impacts of climate change on key aspects of system dynamics, ultimately
leading to theproduction ofestimates of changes to system performance metrics;

f Capableofintegrating NJ y3S 2F L}R2aairoftsS FtOGSNYyFGAGS aeais
that are designed to improve system performance for some or all future climate scenarios

1 Capable ointegratingexisting domain knowledge and modelling platforms where possible, including
the eWater Source and MODFLOW models as well as any relevant irrigation demand models;

1 Capable ofrapidly integrating alternative process representations enable testing of key
assumptiongfor example alternative representations of irrigation demand) and/or the outcome of
expert elicitation processes for aspects where process models are unavailable;

1 Easy to update with alternative adaptive pathways fndipdated understanding of key processes;
and

9 Accessibleand easyto 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 thatatds obp
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 demandd#ddvantages of this approach are that it is possible to embed insights
FNRY (KS WwWO2YLRYSY(HQ Y2 R Sdsivel asitie ngights RodzNXp&telicitatiob C[ h 2
processesdnto the system dynamics modekhile also having the capacity to rdfyi implement changes to

system configuration. Key disadvantages of the approach include:

1 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 adfesghree modelling
domains (Barossa Valley, Eden Valley and Barossa PWRA).

1 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 akrnative to the system dynamicapproachwas 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 isthas hydrological response units run at a daily

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

NHzy +&G | RFEAf@ GAYSadSLWEI YR Ay GSNXYa 27F LNROSa
processes as recharge in MODFLOW; evapotranspiration processes are represented very differently across
the three primary component modelsand so forth).Moreover, there is concern regarding the level of
flexibility to quickly accommodate changes to regentation (e.g. integrating the outcome of expert
elicitation processes) and alternative adaptation pathwayssuch, this approach was not pursued further

here.

The overall conceptual representation of the system is summarizdeigare9 and Figure10. Figure9
provides overall process description the general form of an influence diagrarand describs how
individual component models are used to represent relationships between key variables. The overall
16



structure is consistent with the schematichigure8, with the greenshaded box depicting the climate inputs,

and the orange shaded box representing the key system performance m@tabg4). Each of the white

open boxes repreents a key intermediate variable, arrows denote relationships between those variables,
lyR @8Stt2¢ aKlFIRSR GSEG NBLINBaSyida (GKS LINARYIFNE wO2
relationships. This figure shows the significant complexityhef Barossawater 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 samgssem is given ifrigurel0, this time using a system dynamics
representation. This representatiaepicts theapproach 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 Stelfalatform has the additional advantage of highlighting a number of
LI2aaArofsS aeaildsSy UhessingoNstal caindit?of the@mpdrezvaterisydtem ofimproving
overall irrigation water use efficiency. These enable implementation of the various adaptive pathways as
described irSection6.2 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. Thi®@uthef the next
section.
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*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.

Figur®. Schematio/stem model of water fluxes and sbbrageous components, focusing on the BsvESS@pen boxes represent variables, arrows représeshifstaegreen
shaded box represents the climate inporsragedshaded boxes représerslystem performance mefitiesprimary models used to represent relationships are denoted by yellow shaded te
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3 Historical and Curi@rdteiStores and Fluxes

Using the depiction of the Barossa water resources system in S&Ramnd particularlyFigurel10, 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 theystem RainfallP)

Historical rainfdl: key points

9 Barossa PWRA had an average rainfall of 581 mm/year for the period from 1900 to 2020,
significant spatial gradient ranging frof0mm to 720mm. The Barossa Valley annual avera
rainfall is slightly lowe(552 mm/yr) whereas Eden Ny isslightlyhigher (29 mm/yr)

9 Thisrainfall depthcorresponds to an average rainfall volume of 51 GL/yr, 65 GL/yr and 14
over the plantedvineyard area for the Barossa PWRA, Barossa Valley and Eden

delineations, respectively.

1 Barossa PWRrainfall varied over the historical record from approximately 400 mm in a dry
to 800 mm in a wet year, with minor evidence of declining trend recently (low confidence)
average rainfall over the period from 202820 was 538 mm.

Rainfall represents the primary flux of water into the regibigurell shows the spatial pattern of mean
annual total rainfall in thé8arossaand Eden Vallefrom 1900 to 2016There is asignificantspatialgradient

in rainfall across theegionswith annualtotal rainfall amounts of 220mm in the upper reaches ttie Jacob
Creek sulzatchmentto annualtotal rainfall amounts of 490 mm in the Stockwell Creek area in the north
The spatial pattern of rainfall shown in thliegurell is basedon SILO interpolated data gridshich is a
spatially interpolated dataset generated using all available point gauges (Jeffrey, 20@&Lichthe spatial
data shown irFigurellis likely to be derived from an interpolation of gauges both inside and outside the

study areas
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Barossa Gl Region
Surface Water Model Extent

@  SILO Rainfall Site
A Stream Flow Gauging Station

Major watercourse

I:l Barossa Valley PWRA

: Catchment boundary

D Barossa Valley wine region

1 E Eden Valley wine region
Annual Average Rginfall (mm/ year)

- High : 787.518

T Low:261.022

Figurell Location of the SILO rainfall stations, streamflow gauges and spatial pattern of rainfall

For modellingurface water and groundwater resourcdd rain gauge statioria the region are use@ones
Gill and Savadamuthu, 2014;drid Cranswick, 2014€orstruction and calibration of a hydrological model
for the Marne River catchment: Technical report 2DZhe locatios of these gauging stations are shown in
Figurell The SILO patched point datagatovides continuousecorded rainfall from 1889 to preserithe
station IDs, latituddongitudes, and annual summary statistics o€ thtations are shown ifTable 26
(Appendix B All the data used in the study cover the full periof record with appropriate infilling as
necessary.

Monthly climatological means for rainfall in the Barossa PWRA is prowidegurel2, and shows a distinct
seasonal cycle, with the greatest monthly rainfall occurring over the months from approximately May to
September, and with the monghfrom January to March having the lowest monthly rainfall. There is also
significant yeatto-year variability, with the temporal evaluation of annual total rainfall over the period from
1900 to 2020 shown ifigurel3. This showsin average of 581 mm/yr that i&ryingwithin a rangefrom
slightly less than 400 min a dry yeato slightly above 800 mnm a wet year
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The DEWNIREW surface water modelling reports (Jon&ill and Savadamuthu, 2014; Montazeri and

Savadamuthu, 2020) include an analysis ofrttanthly 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:

1 an upward trend indicating a wetter than average period occurs from approximately 1900 to the
early 1920s

1 arelatively stable period, indicating average rainfall conditions from the early 1920s to drg$0
1 adecreasing trend indicating drier than average rainfall conditions from 1960 to 2015.

Montazeri andSavad@muthu (2020)notes a declinindgrend in rainfall post 1960 based on residual mass
analysishowever the statistical significance of the trend has not been reporfdte presence dtatistically
significanttrends has not been verified in this study.

Using the conversion factors frable25 (Appendix Apnd making the simplification that the vineyards are
homogenously distributed throughout the region, the annual average rainfall over the vineyard areas of the
BarossaPWRA i$2 GL/yrover the longterm record or47 Gllyr over the period from 2002020 with a
rangefrom slightly below 40 GL in a dry year to close to 80 GL in a wetSieaitarly, 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 phted vineyard area for each delineation of 65 GL/yr and 14 GL/yr.
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3.2 Water into the systergxternalvatersources

Historicalexternal water. key points

1 The BIL pipeline represents the most significant external source of water for growers with
Barossa Valley, with a current pipeline capacitb GL. Assuming that 80% of vineyard are:
the Barossa Valley uses BIL water ($able25), the scheme has the capacity to provide
average of approximately 120mmyr to each connected vineyard.

I SA offpeak water use over the period of 20@820 was 1.49 GL, translating to 0.9 GL
vineyards within the Barossa PWRA based onata estimates of vineyard area.

9 Bunyip water provides up to an additional 2 GL, pricharily services the Seppeltsfield vineyat

Water to support agricultural activityn the Barossa and Eden Valley regibistoricallyhas beersourced
either directly from rainfall, or indiretthrough a combination of native surface and groundwater resoyrces
in contrast, external water sourcesraditionally have largely been a supplementary supply. Indeed, as
described in Sectioh.4, the region relied almost exclusively on rainkdurced water until the eart2000s.
However, a combination of significant increases in planted area as described in Segticombined with
decreasing rainfall patterns as described in the presisection, have led to a rapid drieger the last two
decadedo expandwater supply infrastructurend bringin water from external soues. This infrastructure
almost exclusively services the Barossa Valley region.

The primaryexternal sources of water arthe River Murray and storm watdrarvested from urban areas in
Gawler TheRiver Murray water is delivered through the Barossa Infracstire limited (BIL) pipelinduring

the growing seasarand the SA Water main pipelimiring the offpeak (April to October) seasdtermed
a{! & |--li0S INJstarah @ater from Gawler is delivered through the Bunyip pipeline that services the
Seppeltfield Vineyard in the western edge of the valley floor.

3.2.1 Barossa Infrastructure Limited (Bil).)

The BIL pipelineonnection is available onlytine Baross&alleywine region andervices 75% of the growers
in the region (SourceRegional Issues ar@ptionsConsultation Report). BlLhasan annualcapacity of 11
Gl/year as of year2020 (BIL annual repoyt202Q, with the historical expansion of the BIL scheme
summarized in Sectioh4.2

Figureld shows thetotal wateruse during the recent historical ped from 2008/09 to 2019/20 (inlGQyear)
from the BlLpipeline. The data is also presentedTliable6 at the end othis sectionThe BIL pipeline capacity
describedn Table2 is also pltted in the figure The figure illustrates thatie BIL pipeline has been operating
near its capacity in recent years, except for year 20Z6vhichwas ahigher rainfall year (more details in
Section 5). The average 2008/09 to 2019/20 water use from thpipéline is 7 GL/year.
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Figurel4 Historical water use from external sourcelByean for each waise year (1 July to 30 Jand)the BIL capacity.

To enable comparison with other key fluxes documented in this report, it is possible to use area estimates
from Table25 to convert total irrigated volume into an annuatigation depth. Focusing othe Barossa
Valley and assuming that

1 80% of the vineyard area within the BarodsalleyWine Regiorare connected to the BIL scheme
(this area estimate is slightfyreater thanthe 75% of growers estimated to lmennected to the BIL
scheme described above, as we assume that larger growers are more likely to be connected to BIL)
and

1 water consumption is distributed evenly amongst the connected vineyards,

it is estimatedthe current BIL scheme is able to proviggeoximately 20 mm / year of irrigation wateto
those who have a BIL connectiafthilst this is significantly below the total annual rainfall efara relatively
dry year, it nevertheless represents a large proportion of the water balance, and isybentyy large during
the drier summer months when rainfall averagesmMmmper month(seeFigurel?2).

3.2.2 SA Water GQftak(Uss)

The SAVater main pipeline and distribution netwodonnects taboth Barossd/alley and EdeNalley wine

regiors. The offpeak service transports water from the Murray for users who hold Murray water
entittements only during winter when the existing load on theV8&ter pipe network is lowThe amount of

water available for supply through the gieak scheme is lower than through BIL, and averagsd._/year
2P0SN) 0KS Hnnykndg 2 HaAamykmd LISNRA Bdossad vatedzibl® 8048 5 9 2
19PEf &EQUO @

Figurel5 shows the external water use during the recent historical gubfirom 2008/09 to 2019/20 (in
Gl/year) from the SA Water offeak schemeThe data is also prestad in Tableb at the end of this section.
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Based on current maximum contracted valuesréonal commsDEW 19 Octobe 2021), approximately 9%
of the SA Water ofpeak demand is from users in the Barossa Valley, with the other 6% being in the Eden
Valley.

3.2.3 Bunyip Pipelirfeky)

A third source of external water in the Barodgalley is the Bayip pipeline that services the Seppeltsfield
Vineyard in the western edge of the valley floor. Practically all of the water from the Bunyip piedite
2GL)s delivered to Seppeltsfieldfter taking out 50ML to service the Hewett region (Sourceo8za Wine

and its Ecosystem report)\ote that although this source cites 2GL capadighle5 shows higher use in the
2019/20 water yearThe Bunyip scheme started e@tion in water year 20168unyipWater Py. 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 plantimported water volumedor the four full years of operatiowere available(2017/18

to 2020/21 water years) Estimated imported water delivered to the Barossa region for vineyard use is
summarised imable5 (2021,personal comm®EW 30 Novembe021).

Tabléb. Historical imported water to the Barossa region from the Bunyip pipeline

Water-use Year | Bunyip water use (in
GLAear)

201718 15

201819 1.7

201920 23

202(z21 19

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

From analysis of GIS vineyard data and region mapttps(//barossawine.com/wp
content/uploads/2017/12/Baross&Vine-Region.pdy, the Seppeltsfield vineyards are estimated to be fully
within the Barossa Valledelineatian, and40% arewithin the BarossdPWRA.
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3.2.4 Summary of External Water Sources
The data presented iRigurel4, Figurel5and Table5 are summarisedn Table6.

Tables. Historical watase from external sources in the B&ilassa&(Source: DEW excel document named
@arossa_water_use 20%B

Water-use Year | BIL water use (in SA Water ofpeak Bunyip water use (in
Gll/year) water use (in GL/year) GL/year)

200809 4.8 1.8 -
200910 51 2.0 -
2010511 2.3 1.4 -
201112 4.0 0.5 -
201213 7.5 1.2 -
201314 6.2 1.9 -
201415 7.3 1.7 -
201516 8.8 1.2 -
2016g17 5.9 1.7 -
201718 9.0 13 15
201819 111 1.6 1.7
201920 10.2* 1.5 2.3

*The number is based on the BIL 2020 annual report. A volur@26faL is deducted from the number from
the BIL annual report taccount for Niriootpa Community Wastewater Management Scheme water (CWMS)
locally recycled water, consistent with the analysis by DEW (1 KS mBar@saYwigriiuse42018
190Ef AEQ FT2NJ 6KS LINBGA2dza &SI NERO®

A Information for this yealis not available. Thiis a representative valuealculated aghe mean of the
previousfive years

3.3 Water out of the systei@treamflowQ)

Historical streamflow: key points

1 The primary streamflow gauge for the Barossa PWRA and Barossa Valley is a{X&0f0802),
representing 71% of the overall Barossa PWRA area. Annual average observed streamflov
location was 11.7 GL/year over the period 1980&119/20, with a much smaller streamflow ¢
7.66 GLl/year over the recent decade (20102(119/20)

1 Thee is significant yeato-year variability, with annual total streamflow volume ranging frg
0.48 GL (2018/19) to 30 GL (2016/17) at Yaldara in the last decade.

I Baseflow at Yaldara over the period 1990/2014/15 was estimated to be 1.0 GL/yr based
MODFLOW simulations, and 1.3 GL/yr based on application of theHigtiek filter, with the
LyneHollick filter approach showing significantly greater sensitivity to climate varial
compared to MODFLOW.
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3.3.1 Total Streamflow

The Barossa and Eden Valley meditions 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 @lmeations were
summarized irFigure2.

The North Para River represents the largest single river in the region, and is the main water course in the
Barossa PWRA. Ehiiver also represents a significant portion of the Barossa Valley delineation and the
western portion of the Eden Valley delineation. As showRigure2, the river flows from south to north in

the eastern half of th&aross®PWRAand then turns south west. The watercourse is typically characterised

by ephemeral streams and seasonally disconnected permanent pools that are sustained by groundwater.
Streamflowand 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 tBaross®WRA are A505053R Para/Mt McKenzijg A5050517

(North Pagm River at PenrigeA505(%35 (Tanunda Ck/BethanyA5050502N Para R/YaldayaThe 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 ie BBarossa PWRA (see Sectidh?. The locations of

these streamflow gauging stations are showrfigurell. All stations except A5050535 are located on the
main North Para River watercourse. Thncipal longterm streamflow gauging station for thBarossa
PWRA is located at Yaldara, at the outlet of the North Para catchmehc@rers a catchment ares 376

km? out of the 528 kritotal area of theBarossePWRA.

The annual aggregate of stmnflow atthe Yaldara gaugis shown inFigurel6. The figure contains annual
total streamflow in GL from the Source modegether with recorded data downloaded from the Water
Connect websitevjww.waterconnectsa.gov.ayfrom 1947 to 2020. Years from the historical record missing
more than 10% of days were removed from the analy3igrall this figure illustrates thaSource represents
the annualaverageand yearto-year vaiability of the historical streamflow reasonably well, although it
appears to overestimate low flow years since the 11890s and underestimatiow duringhigh flow years.
This can also be observed in a scatter plot version of the reshkitgre 17), whereby the model
underestimates all of the high flows and overestimates all of the low flGWssis likely to have some
implications subsequently in thdimate stress testin that Source may slightly underestimate the degree of
variability associated with changes in climatic forcidgnual average simulated streamflow at Yaldara was
11.1 GL/year over the period 1980/2D19/20, and 8.86 GL/year over thecent decade (2010/22019/20).

It can also be seen that there has been a lagn decline in streamflow at Yaldara, although the statistical
significance of this trend relative to background variability has not been assisges work
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Figurel 7. Observed versus simulated streamflow at Yaldara from 1980/81 to 2019/20.

The flow duraibn curve atYaldara was created for bothe modelled and recordedata sets(Figurel8),
andshows that at the outflow location there is no flow at the gauge approxeiye0% of the timeAnalysis
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, wh 80% of the total flow coming from 6.4% of the days.
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Figurel8 Historical (1980 to 2020) and Recent (2010 to 2020) daily flow duration curve for the outflow gauge station A50
(Data Source: SA Water Connestraathflow from Source Model)
Figurel9shows the daily mdelledstreamflow hydrographs from Source for water years representative of
adry (2009/10), wet (2010/11and averag€2019/20)yeardefined in terms of total annual flovilhe three
plots inFigurel9 emphasise the significant yetws-year variability in streamflow, both in total amount and
seasonal variability.
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Figurel9 Daily dwnstream flowolumest Yaldara fdry wetand 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 LieridRd) 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 (2010/2019/20). In the recent decade, the mamim annual aggregate flow

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

is far less than at Yaldara, but follows similar yeayear variability.

The secondargestcatchment in the region is thBlarne Rivercatchment, which is located in the eastern
portion of Eden ValleyHgure?). This catchmenis 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 lated downstream of the Marne Gorge. It is situated 5 km west of Cambrai with an upstream
catchment area of 240 ktnThe site has streamflow data available from 2001 and is currently telemetered.

It replaces the former gauging station (A4260529) just doveash of the site. A4260529 still remaiimssitu

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 A4260605disnoted as either opoor quality (theoretical rating) or the water

level is below tle 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) andl flogv (above 1.35 m stage) range. The Marne
WADSNI Ada SLIKSYSNIf YR KFayQid NBO2NRSR lye Fft2¢ 2
datum shift or any obvious anomaly in the flow record. The streamflow record for site A4260529 and
A4260605 hve been combined to create a longer period of rectodsupport Source modelling of this
catchment

3.3.2 Baseflow

Given the significant historical emphasiEhydrological modelling in the Barossa PWRA, most of what is
understood regarding baseflow across tBarossa and Eden Valley regigmassociated withstreamflow

within this delineation and this is the focugf the materialpresented hereSurface water and groundwater

Ay GKS I Npaal t2w! A& 3ISySNItftfée OKIlgNdndasNakd SR |
gaining (from groundwater) stream conditions displaying strong dependence on the season and location
(Hancock et al., 2014). Baseflow is of particular interest inBamssaPWRA from an environmental and
aquatic ecological asset standpb (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 1992093/14 was estimated by Cranswick et.

al. (2015using both the Lynélollick Filter and EC Mass Balance approach. From this report theHojliek

filter produced an annual average baseflow of 2.2 GL/year and the EC Mass Balance approach gives 0.8
GLl/year. The groundwater model of Li and Cranswick (2@bsluced 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 repea¢edfor Yaldara gaugasing both MODFLOWWL 991

2015) and the LynnHollick filter (1992:2020)with @I NA 2 dza @ f dzSa 2F G KShe FA L G ¢
aggregate annual valuese shown inFigure20 and with a daily timeseries plot foan individualflow year

shown inFigure21. FromFigure20 it can be seen that thanean basefow estimatesproduced from
MODFLOW lie within the range of the Lyldellick filter curves produced by different alpha values.

Over the period from 1990/92014/15, the MODFLOW model produces an annual average baseflow of 1.0
GLl/year with relatively lowlevels of variability from year to yearhe LynéHollick filterappliedon historical
streamflowproduces baseflow of 1.0, 1.3, 1.5 and 1.8 GL/yeaf fealues 0f0.99, 0.985, 0.98 and 0.975
respectively In all cases, baseflow based on the Li#wadlick filter showed greater yedo-year variability,
implying a greater degree of sensitivity to climate drivers compared to the MODFLOW ridstdtshat the
average annual baseflow estimdig Cranswick et. al. (20180 2.2 GL/year was derived ovedifferent time
period and used ah value of 0.925A value oft =0.99produceshaseflow estimateshat are closest to tlose

from MODFLOWhowever, as can be seen from the 2015/16 water year plot of daily baséfmure21),

the filter with" =0.99 showsn unrealistipattern between October and November 2015. For this particular
time the streamflow and baseflow have the same valuecontrast,visual inspection oftte hydrograph
suggests that baseflow usifg-0.925 and 0.95 follosithe daily variationn streamflow more closely than
might be expected based on typical baseflow dynaniiberefore, heh @ f dzS G KIF G asSSvya {:
expecteddaily pattern of baseflow as well aseflecting the annual volumes captured in the MODFLOW
simulation i90.985.
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3.4 Water out of the systefvaporative Demasmathd Actual Evapotranspiration

Historicalevapotranspiration key points

1 Annual average potential evapotranspiration in the Barossa PWRA is estimated to be
mm/yr, with the recent decade being approximately 4% greater tharidhg-term average

1 Evapotranspiration from shallow groundwater is estimated to be approximately 75% o
groundwater recharge over the last decade, and can be greater than 100% in dry years.
important as the residual is the primary water availaioieboth baseflow and consumptive wate
use.

Evapotranspiration represents the primary flux of water out of the system. In particular, assuming an annual
average rainfalln the Barossa PWR# 538mm, an annual average streamflow3if mm (based on the
annual average streamflow at Yaldara of 11.7 GL/yr divided by a contributing area of 37ankiimited

lateral flow of groundwate(Section3.5), a water balance estimate would suggest that approximately 94%
of rainfall in the region is ultimately evaporated transpiredfrom the region.

Despite its importance, evapotranspiratiandifficult 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 es$intdt potential
evapotranspiration calculated from atmospheric variables, or as outputs from models. Both approaches are
summarized briefly heraBoth these quantities are used to inform aspects of the system dynamics model.

3.4.1 Potential Evapotranspiration

Paential evapotranspiration (PEWNalues for theBarossaPWRA are formulated using FAO56 (Penman
Monteith equation), from data recordedt gauge M023373, which can be seen on the mapigurell The

FAQ56 approach is based on measurements of temperature, relatiweidity, wind speed and solar

NI RAFGA2Y>X |yR Aa dzaSR (2 SadAYFdS S@F L3R GNI-yaLA N
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 Seurodel. 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 Sddtian

Monthly climatological means fd?ETin the Barossa PWRA are providedrigure22, and shows a distinct
seasonal cycle, with the greatest monttizToccurring over the months from approximately November to
February, and with the months from May to August having the lowest moRt&Ily

32



200
|

_— Standard dev.

150
|

FPET {rmm)

50
|

Jan Feb Mar Apr May Jun Jul Aug Sep QOct Nov Dec

Figure2 Climatological (1900 to 2020) mean (bars) and standard deviation iR&Tofmm)miithe Barossa PWRA

There is also significant yetr-year variability, with the annual totaheanPETover the period from 1900

to 2020 shown ifrigure23, 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; howevenaal total

mean PET appealsve been increasing in recent decadesth an averge of 1253 mm/yr (1980/81 to
2019/20) and 1276 mm/yr for the most recent decade (2010/11 to 2019/EBg 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 ieddtaclimate change.
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Figure3 The annual total m&T(mm) in the Barossa PWRA from the gauge 23373.
3.4.2 Groundwater Evapotranspiration

Evapotranspiration of shallow groundwatedistinct from that of surface water or water in the unsaturated
zone is thought to alone comprise @on-rivial part of the Barossa PWRA water balance. Registele
groundwater ET estimates across the BarossaRWAfR 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 vargent&3% of

rainfall recharge in wet years such as 2009 and 104% of rainfall recharge in dry years such &8d20&2) (
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24). While simulated groundwater ET rates dagplsignificant annual variability (approximately 6 to 15
Gllyear), relatively stable long&rm trends are apparent (mean of approximately 9 GL/year).
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Figure4 Annual (water year) aggregate groundwater ET (NBayessasBWRA. Corresponding groundwater recharge rates
(Section 3.7 given for reference).

3.5 Water through the systebrateral goundwatemflowbutflow

Groundwater within both the lower sedimentary aquifer and fractured rock aquifers interacts with
groundwder located outside of the Barossa PWRA, within fractured rock aquifers to the east (Barossa
Ranges) and to the west. Aquifers to the east ofBlacoss®WRA are thought to serve as a source of water,
particularly to the lower aquifer in dry years whengher abstraction occurs. This is supported by
groundwater salinity data (Li and Cranswick et al., 2016). Aquifers to the west exhibit less interaction with
groundwater withinBaross8PWRA.

While the magnitude of these interactions are not well known, ittisrently 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, 20hé)efore, lateral water exchange through
aquifers is notonsidered further from a water balance perspective in this report.

3.6 Within system fluxVatemusefrom native sources

Historicalwater usage from native sourcekey points

9 Annual total licensed surface water extractions have more than halved over the last deca
the Barossa PWRA delineation to 0.9 GL/yr in the 2020 water year, and have also decl
recent years for both the Barossa and Eden Valleys to values o60.46d 0.7 GL, respective
in 2020. Total usage has been consistently well below both farm dam capacity and lic
allocation.

i Farm dam consumption for stock and domestic usage is unlicensed, and although estima
available for unlicensed consuyntion, little is known about trends over time.

9 In contrast to surface water, groundwater extractions have increased over the recent decsa
the three delineations, with 2020 extractions estimated to be 4 GL, 3 GL and 1.15 GL
Barossa PWRA, Barod&ley and Eden Valley, respectively. Extractions remain less than ha
available allocations.

34



Water from native surface and groundwater resources in the Barossa PB#R@ssa Valley and Eden Valley
is usedoredominantlyfor irrigation, stock andlomesticuses

Theamount ofwater used for irrigation in théhree delineationdrom native sourcess assessedbased on
licensedallocatiors. The water used per théicensefrom both groundwater and surface water resourdégs
metered. Data ofthe historicalirrigation water allocatio and water usén the Barossa PWRd#e made
available for this project by DEW for the six water years 2840 201920. In addition to the licensed
extractions, some further unlicensed extractions are known to occur for stodldomestic uses'his same

data was extracted for the Barossa and Eden Valley regions ¥iater Information and Licensing
Management Applicatio/VILMA) 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 unlicensktensesspecify the maximum amount of water that users can
extract from surface watesourceseach year the amount of water specified in thicensesis termed
WllocatiorQUsers can extracticensedsurfacewater from farm damsndwatercourse in the regon up to

the licensed amountite amount of water that the users extract are metematt the meter readings indicate

the licenseds I (1 && RdAzZNA Yy 3I S| OK &SI NI

Information on sirface wate allocationand usan the Barossa PWRas been obtaineffom three sources
of information received from DEW:

1 Surfacewater modelling repor{JonesGill and Savadamuthu, 2014

1 Licensedillocation bylicensenumber and water use by meter id ftne past sixvater-years from
201415 to 201920.

1 Aggregatevater-use during watetyears 20045 to 201819.

Table 7 lists the volume of licensed surface water allocation and watse from the three sources of
information provided by DEV$pecifically for the Barossa PWRAis data shows surface water allocation for
irrigation is in the order of 3.8 GL/y2q0513 data) or 4.0 GL/yeaQ14mp RI G SEOf dzRA y 3
industrial uses)the correspondin@veragausageestimates 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 descrildeabla7 as this water use is not
limited bylicense.

The meteredvater use dad wasused as the basis faissigningurface water demand in the eWater Source
model (Jonessill and Savadamuth 2014).The 20052013 averagewater usedata, along withadditional
assumedstock and domestic usisused toassigni? 6$ NJ RS Y I Y R Q (JangsGilh dndSavadar@Hu,
2014) The volume of water supplieduring model simulationsan be less than roequal to ths assigned
demanddependingon the available water during specific yeaworeover, theassumed unlicensed stock
and domestic water demand &f1 GL/yeahas been added to obtain the total historical water demand used
as part of the Source modellifdonesGill and Savadamuthu, 201Barossa water use data provide by DEW
19/10/2020).
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Tabler. Volumes ditensedurfacavateallocatioand use from different souraefoohatioior the Barossa PWRKe
assumednlicensestock ath domestic use is not shown falilee

Source of Information Description Total Irrigation
Water
(in GL/year)

Report (Jonessill and 2005 to 2013 average water use 2.0
Sawadamuthu, 2014) .

2005 to 2013 average water allocation 3.8
Licensalata received from 201415 to 201920 average water use 13

DEW on 19/10/2020

201415 to 201920 average water allocation 5.2

eWaterSource Model Water supplied each year in the historical 1.8
simulation, average 206089 to 201920

W¢KS FEt20FGA2Yy A& YFRS dzZLJ 2F n D[ 2F ANNRIAFIGA2YS noy
water use.
2This includes up to 1.1 GL/yr of assumed stock and domestic use.

There isinter-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 requiremeniigure25 shows the water usefrom
surfacewater sourcesluring the recent historical period from 2008/09 to 2019/20 @uw/year) The figures

are created using the annual water use numbers received from [EYS. comms. 19/10/2020For the
water year 201220 the numbers daulated from the license datare ud. The total surface allocation
volume for the last six water years available from likensedata is also shown in the figure.

A bestfit linear regressionio the surface water extractions shows a decrease of 0.08 GL/year. The higher
surface water extaction of 2.1 GL/year in 2068 decreases to the lowest value of 0.8 GL/year in year-2019
20. The surface water usage in the lgbd years is less than half of the p2810 usage.
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Figureh Historicdicensedrigation wett use from surface water sources for eacisevgsar (1 July to 30 Jioraéhe
Barossa PWRA
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For the Barossa Valley and Eden Valley delineations, informatisarface water allocation and useas
extracted fromWILMA Averagellocation and use over 2010/11 to 2019/20 peratt is summarisetdiable
8.

TableB. Average surface water allocation and usestmmtha@ecade (2010to 2019/20) for the Barossa and Eden Valley

Region Surface Water (licensed) [Gl] Surface water (unlicensed) [GI
Allocation Use EstimatedUse
Barossa Valley 2.5 0.68 0.89
Eden Valley | 3.6 1.05 0.93

Figure26shows the change iicensedwvater allocation and use over the recent decade (2010/11 to 2019/20)
for the Barossa and Eden Valleltscanbe seen that although surface water allocatisrincreasing in both
regions, licensed surface water use is decreadilmdicensed surface water use is assumedbeoconstant
over the period, and is assumed to be 30% of the unlicensed dam capacity esfiective region§Water
Allocation Plan Barossa Prescribed Water Resources Area, 2009).

4.5

4

SN S e S 2 S S® S 2
=== S\ Allocation (Eden Valley) SW Use (Eden Valley)
SW Allocation (Barossa Valley) SW Use (Barossa Valley)

Figurea Change iicensedurface water use and allocation over the recent decade (2010/11 to 2019/20) for the Barossa :
Eden Valleggions

3.6.2 Groundwater

The majority (typically 60%) of groundwater abstraction inBagoss&?WRA 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 ustr the Barossa PWR#or the period 200-11 to 201920) is shown irFigure27.
Groundwater usage varies considerably from year to year (fr@to4.4 GL over the period 20to 2019).

This variability primarily reflects the availability, price and quality of otheewsdurces. Importantly, total
groundwater usage is not limited by allocatidghdure27); the total annual allocation has always been above
the total annual usage, wittotal annual allocation being relatively stable and above 6 GL over this period
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(Cranswick et al., 2015Figure27). Ground water use is also not limited by allocatinrthe Barossa Valley
and Eden Valley delineationsSigure28).

Figure27 andFigure28also showsn increase in groundwater use in recent yefarsall three delineations

In the Barossa PWRAgt groundwater use has reached approximately 4 Gdr/yethe last couple of years.
The slope of a linear regression Hatbestfit is 025GL/year. Groundwater use also shows a strong negative
correlation with annual average rainfall over this period (e.g., a regression linecflef5 ML abstraction

per mm rainfallwith an R value of 0.65), highlighting that groundwater usecurs at least partially in
response taainfall deficis over the period of investigation

Barossa PWRA licensed annual groundwater allocation and use
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Figure7 Recenlicensegroundwater use datdheBaross®WRAoreach watearse year (1 July to 30 June)
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Barossa Valley licensed annual groundwater allocation and use
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Figure8 Historical metered use and allocation of grotioidineBarossa and Eden Valkdineations

3.7 Within system flux:r@undwater Recharge

Historicalgroundwater rechargekeypoints

1 Groundwater recharge is the primary flux of water into the aquifers, with lateral flu
considered negligible. The estimated annual average recharge between 1990 and 201!
GLl/yr, with significant yeatio-year variability.

DNRBdzy Rgl 6§ SNI NBOKINBS olFfaz2 GSNY¥SR WNIAYTFILIft NBOK
resources within théarossPWRA, both from a water quantity and water quality standpoint. As a result of

the relatively low lateal influxes of water into the Barossa PWRA aqui{&sction3.5), 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
RNAGSY o6& a2Af KSGSNRISYySAGES NIrAYTFIEf WANIRASyGaE
distribution of groundwater eécharge (on a tim@averaged basis) has been estimated by Cranswick et al.
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(2015) using the widelgpplied chloride mass balance methagdelding spatial recharge rates between 7.5
and 68 mm/year. These estimates were then updated by Li and Cranswick (B6dsgh groundwater
model calibration on the basis of tireveraged hydraulic observation data.

Simulated annual groundwater recharge rates across the Barossa PWRA during the perio@aE®0ary
between approximately 6 and 24 GL, with a mean of 13@uie24). The temporal variability in recharge,
owing to rainfall variability, depth to water table changes, soil moisture etc., was estimated by Li and
Cranswick (206) using the departurérom-(longterm) mean annual rainfall as well as multipliers assigned
to five annual rainfall ranges (<400, 4500, 500600, 606700, >700 mm/year).

3.8 Storage: Farm dams

Historicalfarm dam storage key points

i Theestimated annual average and annual maximum farm dam storage volume in the Ba
PWRA is 3.18 GL and 4.45 GL, respectively, with evidence of declining trends. The storag
consistently well below total farm dam capacity in this region.

Farm dans are used in the region tcaptue surface water for irrigation, stock, and domestises.As
discussed previouslyh¢é dams used for irrigation are licensed and water use is metered. The dams used to
cater to stock and domestic water demands are notrigad,andthe capacities of theseon-licenseddams

are estimated based on aerial surveys (JeBdband Savadamuthu, 2012)d incorporated into the eWater
Source modelThe total number and capacity of farm dams across the three delineations are surachari
Sectionl.4.1, with the full region (comprising both the Barossa and Eden Valley delineations) having an
estimated 3230 farm damspmprising a total storageapacity of 14.34 GL, of which 8.27 GL (58%) is licensed.

To understand typical farm dam dynamics, we summaéseral key elements of farm dam behavibased

on the eWater Source surface water modelveloped for the Barossa PWREhe model contains tatal of

399 farmam<Yepresented using the farm dam plugin in Soywwéh a total dam @pacitymodelled in the
Sourcemodel of 8.25 GLt slightly lower than the total Barossa PWRA farm dam volume estimated by
(Montazeri andSavadamuthu2020) The simulation is initialised with dams #i%capacity The datafrom

the historical simulatiotior the periodfrom the 1980/81 wateryear to the2019/20water yearbased on an
estimate of presentlay constant dam configuration and demaridsused to exmre farm dam dynamigs

and thus provides an illustration wfhat would have occurred hatie presentday settingsdeensubject to

the weather patterns over theeriod of record

A time series of annual dam storage volume (both the maximum storage witbinyesar, together with the

mean storage) estimated by the eWater Source model is showigime29. Themean annuahveragefarm
storage from 1980/81 to 204 20 is 3.18 GL and the mean annual maximum farm dam storage is 4.45GL
There isaclear 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 simullatid@tsl 9/2020 water

year was the driest over the recard

Within-year dynamics are shownkigure30, which presents daily total farm dam storage in Source for water
years representative of a wet (20414), dry (20120) and average (206B0) year. As can be seen, typical
farm dam volumes exhit 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.
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3.9 Storage: Groundwater storage

While groundwater REL recommendations have been put forward by Craretvaick2015, 2016) (3.1 to 3.6
GLl/year), estimates of total amount of groundwater storagkimehave not yet been reported. To estimate
the amount of groundwater storage, groundwater heads need t@abalysedn combination with aquifer
hydraulic propeties.

Groundwater heads in the Barossa PWRA display pronounced seasonal varkagilitg31). This variability

can be attributed to both climate (e.g., rainfall lezge 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 e&segpn all
aquifers across much of the Barossa PWRA.
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On a longetterm basis, groundwater heads generally display largely stable trends across much of the Barossa
PWRA, including prior to 1990 (Cranswick et al., 2015). Historical groundwater abstrasioaotiresulted

in widespread intefannual declining groundwater heads. Letegm declines, however, have been observed

in several observation wells across all aquiféirseto 10 wells in total)and these declines ardought to

reflect relatively locased 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 t@fngsoundwater levels.

[1A]JMORO032[UA]* [1B]MORO64[UA]* [1CIMOR100[LA]*

NN
8 @
[ -]
NONN
a a o
o & o

Head (m AHD)
~
3
{
\
Head (m AHD)
~
8

Head (m AHD)
~
3
o

N
5
)

N
@
=}

N
5

=}

T 260
1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015

Year Year Year
Observed e Computed Observed == Computed Observed == Computed
MOR208[LA]* [TW]BLVOOS[FRA]* BRSO013[FRA]*
275 280 240
270 235
g i P g s g 230
< 265 i n NVLAA = Z 225 4
E ' E 270 A AR A AR A SABASSIANS E 220
E 260 | E E 215 ‘U’Tk“/;v; Y
2 e 2 265 2 210 { WYV
205 =
250 + 260 T T 200
1990 2000 2010 1990 1995 2000 2005 2010 2015 1990 2000 2010
Year Year Year
Observed Computed Observed Computed Observed Computed

Figure1 A selection of representative groundwater hydrographs identified by Li and Cranswick (2017) to capture overall |
PWRA groundwater trends (fr onfAudiraliandeight Datuna(approximatély equal @l 6 )
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. Mathematicalig amount of water stored in aquifers represented in a
groundwater model is given by (e.g., Knowling et al., 2015):

YO YoV O1 AT 1 AERDEAEAO

YOOYwWw Al T EENABE £EAO

where S is the aquifer specific yield)© Slj dzA @ £ Sy G (2 SYsSHE aAdpiferispediffs Stordgl? NP a A
(m™); bis the aquifer (saturated) thickness (nh)ijs the height of the potentiometric surface above the top

of the (confined) aquifer (m) is the number of model grid cellpxny is the area of each model grid cell

(here equal to 16m?).

Figure32 shows the time series estimate of total groundwater stored within both unconfined and confined
aquifers within the Barossa PWRA. The yteayear variability represents an aggregated form bét
hydrographs inFigure31. For reference, 690 GL is equivalent to a water column of approximately 1.3 m
height over theBaross®PWRA area (528 Kin

42



705

700
i
0
TR
(1}
il
=
A 690
.
[ah}
2z
m
%685
—
=
o
5 680
675
l:l—|l-‘\ll""'l'-T D“‘HWGDHNM'-T_|'D"HD:JG.E|.—|NM'-T
g O o oo oooocooooo A A AA A
33333 IE S8R

Figure2 Time series estimates of gotaindwater storage in the Barossa PWRA based on calibrated groundwater model of
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
presentedin the following sectionsThis includes surface water extraction (both licensed and unlicensed),
groundwater extraction, and supply frothe BIL andSA Water offpeak schemesAs the Eden Valley is not
connected to any pipeline schemasth the exceptionof a small contribution of the SA Water qféak
schemewater supplyin this region comealmost exclusivelfrom native sources.

Data on licensed and unlicensed surface water, and licensed groundinates BarossePWRAwvas taken
from multiple sources as detailed in Sectio8s6.1and3.6.2 Thelicensed surface and groundwatese data
for Barossa and Eden Valley were extracted from WILMA aaathken from Barossa PWRA, Marne &
Saunders PWRA and Western Mount Lofty P\\girs. Unlicensed surface water extraction, presednto

be used for stock and domestfurposes,is estimatedfrom unlicensed farm dam capacity (as detailed in
Section3.6.1). The BIL and SA water -g@féakwater use datas fromrecorded usagas mentioned in Sections
3.2.1and3.2.2respectively.

3.10.1 Barossa PWRA

The historical water use from 2008/09 to 2019/20 is showRigure33. It is assumed that th&ull 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)kane divided by the total area of vineyards in the Barossa Valley (117.5
km?) to estimatethat 64% of the BIL capacity supplies the Barossa P\8iR#arly, asliscussed in Section

3.2.3 it is estimated that around 40% of the Seppeltsfield vineyards lie witleifPWRA, and hence 40% of

the Bunyip supplys assumed to battributed to this region.

Total water use ranges fror.5 GL in a wet year (2010/11) to o8GL in a very dry year (2018/19). It can

be seen that there is an increasing trend in water wgi¢h 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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3.10.2 Barossa Valley

The Barossa Valley water use from 2010/11 to 2019/20 is showigime34. The Barossa Valley has very
similar yeasto-year variability as the Barossa PWRA, which is expected as thsigaifecantlyoverlapping
regions.The water use ranges from 6GL (2010/1120&6L (2018/19)Less surface water and groundwater
extraction is observed in the Barossa Valley than foBthmss®PWRA, ad extraction from external sources
islargeras the full use from these sources is assuritedhe Barossa Valley
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Figure34 Observedater use in the Baro¥sdleyfrom2010/11201920
3.10.3 Eden Valley

The EdenValley water use from 2010/11 to 2019/20 is shownFigure35. As expected, delito lack of
external sources, there is a much largaoportional use of water from the native surface water and
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groundwatersourcescompared to the other delineation¥Vater useranges froml.8 GL (201Q1) to 3.3GL
(201617), and hasome similaritiesd 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 hightestuse if this water was not

available.
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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 MODFLOWave explicit redtionships with precipitation and potential
evapotranspirationThe development of this relationship between climate and demand represents a critical

foundation for subsequent climate stress testhe theoretical basis for both demand models are described
below.

3.11.1 Regressiehased demand estimation

Asimple water demand modélas been developettat is driven by climate variables and calibrated to recent
(20092020 for the Barossa PWRA, 2062020 for the Barossa and Eden Valjewster use dataThe
concepual basis for this model is that recent water consumption provigsantitativebasis for estimating
actual demand in the region. By linking historical water consumption with climate variablesydtiel
provides a basis for estimating demand (e.g.atatr from imported sources) under plausible future changes
in climate.

Mathematically the model takes the form:
o1 f 0LOOYD -
-x 0 mh,
whereDA & (G KS A NNX 3| §lAy2Rardhke linaNegRSiwn cgeRidientss a crop coefficient
(a value oK. =0.55 was found to produce abefi) and-A & (G KS WNBaARdzrf Q 60SG6SSy

water use, which is assumed normally distribut@the K. * PETg P) term constitutes an irrigation demand
prediction based on annual climate factors daanly, assuming that the difference between tastimated
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evapotranspiration and rainfafepresentsthe irrigation demand. Note that alightly stronger correlation
between recent annual water use and demand can be achieved when considering only summer P;and PET
however, as described in Section 2getlstresstest assessment to be conducted herginedominantly
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 deméagded on the regression model and recent water
use (on which the estimated demand is calibratéthwever plausible climate futures are likelg encounter
water resource limitshat have only recently been encountered in realjte., in 2013 and 2019, where BIL
capacity was reached, as showrrigurel4). Such dynamics mean that this simple demand regression model
will require careful extrpolation when making demand estimates in the future. It is for these reasons that
the uncertainty associated with the regression modedssessed. We therefore not only determine bést
model regression coefficients, but alsthe stochastic model erroterm - (given above), which can
subsequently be used to explore demand uncertainty.

This regression relationship makes the following key assumptions:

1 The effect of the two years where water resource limits were exceeded (i.e. 2013 and 2019) on
regressionparameters were relatively limited (this would be valid if the actual demand was only
slightly greater than available water supply); and

9 Historical demand behaviours will remain constant into the future such that the relationship
between climate and demardB Y+ Aya Wadl GA2Yy I NBEQO®

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 clifikdds
particularly because #re may be an inverse yield response to compensate for decreased awaidability

gAGK @AStRa ¢9Stf 0St2g¢ G(KS I @SNFXr3aIS Ay RNE &SI NER A\
years (cfFigureb)

3.11.2 Proces$hased demand estimation

In order to contrast empiricalater usedemand estimatesvith daily irrigation demand estimates based on
hydroclimate variables and biophysical processes an@/lationships, 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.

Theirrigation demandnodel of Phogeet al. (2020employs the FAG6 dual crop coefficient (DCC) approach

(i.e., plant transpiration and soil evaporation are computed separately; Allen et al., 1998). The model runs on
daily basisand treats each year independently (i.e. persistence frorarye-year in, for example, soil

moisture stores or vine demand, is neglecteDespite its physical basis, the model (referred to herein as
WCiplke 5/ 7/ Q0 Aa NBf I iA G Parculadly\whdriforBparedyforcro@dil inédeldi(@g., I LILIE
Knowlirg et al., 2021).

The FA@6 DCC model requires daily weather input variables including: rainfall, (reference)
evapotranspiration, minimum relative humiditgnd wind speed Several static model parameters were
specified in order to reflect typical wine gmagrower practicescross each of the delineationscluding
Yhanagement associated decisg@MAD) related to soil water deficit to trigger irrigation during different
stages of crop developmerand#vailable wagr(fAW)which is equivalent to AWH®GIlowing Robinson and
Sandercock, 2014)

This model makes the following key assumptions:

9 Irrigated viticulture is the primary demand; and
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1 The overall relationship between climate and irrigation behaviour will remain constamdiraajor
changes in vineyard varieties, irrigation practices etc relative to the period from2029)

3.11.3 Results

In this section, results are presented for the Barossa PWRWreé36), Barossa Valleyigure38) and Eden
Valley Figure39). The mmto GL conversion ieachplot assumesa constantarea of vineyards withieach
delineation (87.2km?, 117.5km? and 23.2kn? for the Barossa PWRA, Barossa Valley and Eden Valley
delineations, respectivelyfpr all sourcesNote that thevolumetric version of the modeldo not make any
assumptions on the nature of the demand; however, conversigmtthe case ofegressiorbased demand)

and from (n the case of pcessbased demandylepth averageestimatesrequires the assumption that
demand is dominated by irrigated viticultur@he coloured bars represent the observed water use (as in
Figure33to Figure35), with the black line representing thregressiorbased demand, and the orange line
representing the procesbased demandwith stockadded to the model resultiater on). The parameters
used as a result of caliting both the regression and process based models is summari3edbieo.

Tabled. Summary of model parameters used for the BaErsa datieys

Regressiorbased demand FAQ56 DCC Model
7 by 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 PWHAg(ire36 andFigure37) show a googgreement 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 figure37) 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@rdense 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 pproximatelyl.0 GLon average over this latter period.

In contrast to the regession model, he FAG6 DCC model displaysgnificantly higherinter-annual
variability, corresponding to different growing seasons, ranging foomm (stockand domestic demand
added in post to give 12mm)for wet years (2011) t&70mm (283 includingstock)for dry years (2013). The
larger variability in irrigation demand based on the FB8JDCC model compared to the regression model is
somewhat expected given the less aggregated nature of this model. Despite this, theyemr variability

in irrigation demand between the two models shows consistent patterns. As expected, the average annual
irrigation demand from the FAG6 DCC model 2L mm) is similar to that obtained from the regression
model (21 mm, excluding stock and domestic use), due to calibration of both models to historical water use
data (average annual d21 mm excluding stock and domestic use).
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Figure37 shows that for the Barossa PWRth models fit the average weltegression model Ff 0.65,

and SARDI modeP Rf 059), although the regression based demasidows much lower sensitivityThe
processbased model is much more sensititeeclimate forcirgs,andthus 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-paseess
model is a crop model, this could suggest that growers tend to irrigate more than necessary in wedyears,
may have been unable to water as muchreeded in dry years. Note that cases where the SARDI model
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provides demand estimates that exceeds water use corresponiietpears where BIL capacity was reached
(Figurel4).

To further explore possible differences between the regression model and theS6ATCC 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 tagjét T/ha. Using crop water production relationships
(Section7.7) that assumes each ML/ha of water leads to an additicghede tonnes of yieldthe water
demands asociated with the difference between actual yieliqure5) for each year and the hypothetical
Wil NBSGQ @AStR O2dZ R 0SS O f Odz IrdsSoR desults Kpro&iding® AnF T S NJ
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 yietddjusted regression iRigure36 appears more similar to the FAGS

DCC model compared to the standard regression results, providing stditeoaal 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 shieigargB88 and Figure39. Similar
to the Barossa PWRA, the regressimsed model matabs the average well, but can ovestimate or
underestimate demand in given yeaihe Rfor the Barossa Valley regression is3afd for Eden Valley it
is R=0.74.In contrast, whereasybdesign the processased model matches the averages wikle modelis
much more sensitive and has a larger amplitude of predicted demand compared to the reg#essanh
model.
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4 Future climate stressors

In this section we take a multipljnes-of-evidence approach to exploring possible future climate scenarios,
defined in terms othe climate variables that have the potential to impact upon water supply and demand
in the Barossand Eden Valleysiamely,rainfall, potentialevapotranspiratiorand temperature. The three
primary lines of evidence adescribedirst, followed by a summary of projections foeachclimate variable.

4.1 Sources of Climate Information
4.1.1 Climate Change in Austf@l&A)

The Climate Change in Australia (CCIA; CSIRO and Bureau of Meteorologre018hd web interface

provides nationally consistent projeotis of future climate change for a broad range of atmospheric
variables} yR G KS&aS KI@S 0SSy LINBaA&SYy ( BaRralFeaddiceNButhgetnghti. RS 3
(NRM)delineations The projections are based @nsubset othe CMIP5 suite of model simulationghat

have beerdeterminedto perform well over Australia.

The results presented in this report have been synthesized from the CCIA Repauthern and South
Western Flatlands (EagBhlopeet al. 2015. Projections for annuakeasonal and monthly data are available

for 20year time slices centred on 2030, 2050, 2070 and 2090, and are presented as changes relative to a
19862005 baselineThe projections are provided as median values and. GR@0" percentile range

4.1.2 Climate &dy SA (GBA)

W/ fAYLFGS wS)iRadathskt Qontaiding projections for large parts of South Australia, capturing
information at the daily timescale for six separate climate variabtagifall, temperature maximum,
temperature minimum, areal gential evapotranspiration, solar radiation and vapour pressure defidie

data includes two emissions pathways (RCP 4.5 andNSBILINB a Sy Ay 3 WAYGIGSNYSRALF (S
gas concentration pathways).K S Rl GF aSi KIF & 0S3HW RABNVRIR IA VKD WISW
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 CMIBbraoitel
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 EI Nifio Southern Oscillation (ENSO).
The GCM outputs were downscaldea A y3 | YSGK2R (y2¢6y & Wb2yK2Y23S
that represents a statistical approach to adjust the lasgale climate model information into sispecific
RFAf&@ GAYSASNAS&ED ¢KAA | LILINRI OK Ifsofical &n8 fturav@estienNd G A 2
with each realisation reflecting expected climatic patterns, but with randomtdaday variations to capture
realworld weather variability. In total there are 100 such realisations for each climate model and RCP,
leading toa total of 1500 time series for each RCP.

Three stations within or close to the Barossa region were identified as having data relevant for thiSstudy:
Kitts [23360], Williamstown (Glen Gillian) [23756] and Rosedale (Turretfield Research Centre). [28343

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 datzesauclimate projections and other
relevant information to inform the Intergovernmental Panel on Climate Change assessment process. CMIP Phase 5
(CMIP5) was compiled over the period 2€A@ 4, and was used to inform the Intergovernmental Panel on Climate

/ KFyaSQa CATOIK !'aasSaaySyd wSLENI O2YLX SGSR AY HamMno®
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these, only the Williamstown station lies within the Barossa Valley PW#tAe@6); the other two stations
are within 5km of this region.

To inform stress testiy, future changes are presented either as absolute values (e.g. mm r&iGhathy
relative changes (e.g. percentage) relative to a baseline. Unless specified otherwise, a baselin€2605976
is selected, representing a 3@ar period consistent with gfaminimum length recommended by the WMO.
Future changes were then assessed for 30 years windows centred on 2020 (i.e. the perie2D2B06
NELINBASY(GAy3a WOdzZNNB5OJiadd 2050 203B065$ réldtiverarthisbasélinmen H M

For each statin, emissions scenario, GCM andlreationthe CRSA 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 eagissions 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 iheoforeSIGHBoftware, where the specified rainfall, PET,
radiation and maximum temperature attributes are calculated. For the histasbariosthis is calculated

for the baseline (1972005), and for the RCP 4.5 and RCPs@&hariosthis is calculated for three future

time slices (2002035, 20212050 and 203&065). 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 derivegly calculating the absolute or relative change for each attribute
separately for each replicate. Repeating this for the 100 replicates and 15lé&d to1500 values of future
change for each attribute.

Further information on this dataset can be found othe SA Climate Ready webpage
(https://data.environment.sa.gov.au/Climate/SBlimateReady/Pages/default.aspx with a technical
summary contained in the User {@a (Goyder Institute for Water Research, 2015).

4.1.3 NARCIM

NARCIiM is a datasdevelopedby the NSW Governmerit partnership with the Climate Change Research
Centre at the University of New South Walaed contains projections for NSW, ACT, VIC and gfatiie NT

and SA including the Barossa region. In the most recent version of NARCIIM (NARCIiM1.5) there are a range
of climate variables available, both postprocesiesl regridded)and bias correctedlhe data includes two
emissions pathway@RCP 4.5ral 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 CMBEEMLIPC&ifth Assessment Repo&014), eachusingtwo

alternative configurationsof the Weather Research and ForecastiWRF)regional climate model The
selectedGCMs are ACCESS1.0, ACCESSL1.3 and CanESM2, which were chosen based on their performance |
representing largescale climate phenomena, suas ENSQandas well asvidely used metrics of climate
variability. GCMs that performed poorly for the sotghst Australian region were excluded and the
remaining chosen modelsere selectedo provide a spread of temperature and rainfall projections.

The regionalclimate models (RCMs) chosen for NARCIiM1.5 are two variations aViREmodel. The two
RCMs were selected from 36 combinations of physics schemedgliffgdby their parametrisations of the
planetary boundary layer, land surface and cumulus physics, micro physics, and asttbitbngwave
radiation physicsThe two RCMs were selecteflom this larger sebased on theitomparativestatistical
independance from each other,and ability to capture climate variables of interest, such as temperature,
precipitation and mean sekevel pressure and winds.

The tvo variables analysed in this repogrécipitation and temperaturewere bothbias corrected. Studge

have demonstrated the value of biasrrected 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 dataseg(#so et al. 2013; Evans & Argilieso J0l<inga
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guantile matching technique (Piani et al., 2010hese corrections were applied to allow the fitted
distributions of daily RCM output to match the fitted dibtitions of daily observationshese correcons

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 -Rilometre southeast Australian NARCIIM domain. To derive
projections for the Barossand Eden Valleyegion,a boundarywas selectedhat incorporates si¥by-seven

10 knt grid squares in the region. &latitude and longitude of theorthwest andsoutheast extent of this
region are represented by the points34.25, 138.75) and34.85, 139.2brespectively. This gives a total of
42 grid squares over the region.

Future changes are assessed for the same baseline and future winaiosvprocedureas for the SA Climate
Ready dataset.

4.2 Changes in Rainfall

Rainfall represents arguably the mosttical climate control on both water supply and demand in the
Barossagdriving surface and groundwater stores and fluxes as well as crop water requirermedtsther

forms of deman®® Ly (KA & &addzRée 6S SELX 2NB | Niay3edsormlt NI A
rainfall totals, rainfall intermittency and a measure of rainfall extremes

4.2.1 Annuaadnd seasonginfall

The annual rainfall projections for the Barossesed on the Climate Rdy SA producare shown irFigure
40 below, represented as percentage changes relative to the climatological badelineerical values for
annual and seasonal rainfall feechRCPRand timeslice are also summarized ifable10, and include not
only the Climate Ready SA dataset but also information from CliGlaé@gen Australia and from NARCIIM.

The resultsshow a pattern of declining rainfaicrossmost 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 weveloping theprojections (i.e. CRSA, CCIA, NARCIiMnd for the
different seasonskqually importantly, there is a significant variation in individual modelling results, with a
non-negligible number ofimulationghat show increasing trends across the various priagecmethods. For
example while a significant majority of simulations showledliningtrends for annual rainfall (e.g. the 25 to

75 percentile of the GIBA projections ranged frori4% to-0.83%), the spectrum of projections (defined by

the 2.5t0 97.5 pecentile for CRSA, the 1Go 90 percentile for CCIA and the full rangepobjectionsfor
NARCIiM) ranged from28% decrease to 8%increase This range is due to a combination of representation
concentration pathway uncertainty, climate model uncertgiboth GCM and RCM), methodological
uncertainty (e.g. betweestatisticall YR R&ylF YAOlI f R2gyaOl f Ay 3IMorebvgtR a2
the range is generally wider for longer future horizons and larger radiative forcimgsattern that is
repeated for other simulations.

The uncertaintflimits 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, thevide 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 majofifyrojections suggest a future

of declining rainfall totalsThis issue will be discussed further in subsequent sections of this report.

CAYylLfftes GKS WLINE 2 2085 an2ofnpass the 2ukéntiy&as (20215, Mdd 2hRs provide a
reflection of the estimated current climate state relative to the climatolmgl baseline. Both CRA and
NARCIiM have information for this time window, and are consistent in suggesting a niEdiezase of
between 3.6 and B% for total annual rainfall relative to the baseline (with the 25 to 75 percefail €ERSA
showing-7.0 to -0.83% change, and only theill uncertainty range containing projections of increasing
rainfall). Whilst the intention of thiseport is not to conduct a formal climate change attribution analysis,

53



these results do strongly suggest tHased on modeihg estimates relative to the baselineurrent-day
rainfallwould be expectedo containa small but significant climate change signal.

Emissions
Scenario

E3 Rcp4s
B3 Rcpss

Percentage change in average annual rainfal

2006-2035 2021-2050 2036-2065
Future Period

FiguretQ Annual changisrainfateldive to a 197805 climatological baseline. Eaaméokisker plot represents the

variabilitirom4,500%eparate time seri€be median value is represented by the horizontal black line, the boxes are bounded |
the upper and lower quarditesuppewhiskerepresents the values from the upper quastfletiver than5*IQR (Inter
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TablelQ Percentage changsedisonaind annugirecipitaticaveraged acrossthfeestations in the BarosBae median valupper and lower quartile (253"geréentile) a2d5 and

97.% percatile valuesre quoted

Season Percentile Egi?‘r‘l’gs 2020 2030 2035 2050 Range of future
Line of Evidence: CRSA NARCIiM CCIA CRSA NARCIiM CRSA NARCIiM change
DJF | Median | RCP45 | -36 12 0 83 9.4 72 10 1610 2
RCP85 | -40 -0.18 2 77 6.1 9.8 .16
2575% | RCP45 | -11t0 4.8 NA NA 16t0-024 | NA 17t0 15 NA 1810 4.8
RCP85 | -12to 40 1410 0.092 -18t0 -1.4
2597.5%* RCP45 | -23to 22 13t0-12 2410 30 29t0 17 18t0 4.3 35t0 18 160 9.1 3510 33
RCP85 | -23to 22 -19t0 33 140 19 27t0 17 -9.2t023 31to 17 27t0 11
MAM | Median | RCP45 | -45 2.9 1 38 54 5.4 9.9 9.9t0 2.9
RCP85 | -4.5 3.9 3 52 3.4 6.9 5.2
2575% | RCP45 | -11t02.5 NA NA 11t02.7 NA 1210 25 NA 1410 28
RCP85 |-11t02.8 113t0 2.1 1410 0.2
2.597.5%* RCP45 | -22t0 20 22t0 16 2210 18 2310 17 25t07.1 2410 18 19t0 7.1 -30t0 23
RCP85 | -24t018 -20t0 5.9 22t0 23 25t0 15 21t03.3 27t0 14 -30t0 4.9
JJA | Median | RCP45 |-1.6 11 6 36 -10 5.9 13 1310 1.9
RCP85 | -15 8.2 5 4.9 51 6.7 1.9
2575% | RCP45 | -5.9t02.9 NA NA 75t012 NA 1110-039 | NA 2.9t0 -11
RCP85 | -5.5t01.8 8.7t0-1.3 11t0-23
2.597.5%* RCP45 | -12t0 12 17t09.4 16106 1lto 14 20t0-4.7 17t0 10 2710 5.7 2710 18
RCP85 | -13t0 86 -16t0 14 16105 1610 5.5 110t0 18 119t0 5.4 -15t0 12
SON | Median | RCP45 | 67 12 5 10 17 13 25 25t0 -5
RCP85 | -7.9 11 7 14 -10 17 .18
2575% | RCP4.5 | -12t0-1.7 NA NA 16 t0-5.2 NA 19t0-85 NA 24t0-17
RCP85 | -13t0o-17 19t0-84 24 t0-11
2.597.5%* RCP45 |-20t08.9 27t0-3.6 20t0 10 25t05.4 31t0-3.2 28t0 1.2 32t0-12 3610 10
RCP85 | -20t08.3 22t04.7 2310 10 2810 2.4 29t0-0.52 | -36to-1.4 -33t0 1.9
Annual | Median RCP4.5 -3.6 -7.3 -4 5.7 -11 7.2 -14 -14to -2
RCP85 | -36 47 2 73 47 92 8.3
2575% | RCP4.5 | -6.3t0-083 | NA NA 86t0-3.0 | NA 11t0-42 NA 14 10-0.83
RCP85 | -70to-1.1 11to-44 14 t0-6.0
2.597.5%* RCP4.5 | -12t0 45 19t0-0.24 | -13to 4* 15t0 2.8 23t0-3.4 1810 1.6 19t0-8.2 2310 5.0
RCP85 | -14to 43 9.0to 44 | -13to5* 118t00.82 | -1810 3.0 2110-0.39 | -20t0 0.52

* For NARCIiM the values displayed in the-@7%%row is the minimum and maximum attribute values for the scenaiti@ CCIA report records %@o 90"
percentile uncertainty
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4.2.2 Number of wet days

The total number of wet days pgear is an important metric that represents the intermittency of rainfall
(i.e. the sequencing of wet and dry days throughout the year), witts&Results shown iRigure41 and
numerical values shown ifiablell. Consistent with total annual rainfall, the results show a general pattern
of declining trends, with thergatest declines for longer future horizons and greater radiative forcifigs.
consistent with the total annual rainfall are a noegligible number of projections showing increases in
number of wet days, indicating that the possibility of wetter coratis cannot be ignored as part of future
scenario evaluations.

Percentage changaimber of wet days

2006-2035

Ry —

2021-2050

Future Period

Emissions
Scenario

EJ RCP4sS
B3 Recras

Figuretl Percentage changennual number of wet days (wet day thresholdor R@RPY.5 and RCP8.5 emission
scenarios, relative to a 2% climatological baseline. See cagignr@Ofor further details.

Tablelli Percentage change inatiauial number of wet dayet day threshold = 1mm)

Percentile Emlsspns 2020 2035 2050 Range of Futurg
Scenario Change

Line of Evidence: SACR NARCIM | SACR NARCIM | SACR NARCIiM

Median RCP4.5 -35 -8.7 54 -8.1 -6.7 -13 -13t0-3.4
RCP8.5 -3.4 -7.9 -6.6 -85 -85 -9.1

2575% RCP4.5 -5.5t0-1.3 -741t0-3 -9.7t0-4.1 -12 to-1.5

NA NA NA

RCP8.5 -5.9t0-15 -9.1t0-45 -12 to-6.0

2.5 RCP4.5 -9.8t026 |-15t03.1| -13t01.2 | -20to-6.1 | -16t0 025 | -20t0-8.7 | -20t0 8.1

97.5%*

’ RCP8.5 -12t0 2.1 | -18t08.1| -15t0-09 | -17t0 6.1 | -18t0-2.1 -18t0 0.11

* For NARCIiM the values displayed in the@7%% row is the minimum and maximum attribute values for
the scenario
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4.2.3 Daily extremesXPercentileret day rainfall

The 99" percentile wet day rainfall is a commonly used method of climate extremes, and is presented in
Figure42. Although this is a commanetric for extreme rainfall, it is noted that the 9ercentile wet day

rainfall should not be interpreted as a genumdremerainfall dgy for flood estimation purposes, wittvents

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 eveNsvertheless, the 99 percentile wet day

rainfall is often used as a proxy for thasere 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
comparativelysmall decline®ver time, and a larger proportion gimulationswith increasing trends. This
suggests that declines in heavy railhfdays 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.

10-

Emissions
Scenario

EJ Rcr4s
B= Rcpss

L

-10-

Percentage chang®&%percentile wet day raint

2021-2050 2036-2065
Future Period

]
=
=
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]
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n

Figurel2i Percentage changerinuwal 99th percentile wet day amountfoaiRi@P4.5 and RCP8.5 emission scenarios,
relative to a 192605 climatological baseline. See cagfigar@iOfor further details.

Tablel2i Percentage changéimual 99th percentile wet day amount rainfall

Percentile | Emissions Range of

Scenario | 2020 2035 2050 Future
Change

Line of Evidence: SACR NARCIM | SACR NARCIM | SACR NARCIiM

Median RCP4.5 -1.3 -5.9 22 -7.6 -3.2 -6.0 -6.2 to 098
RCP8.5 -1.7 0.98 -3.1 0.13 -3.8 -6.2

25-75% RCP4.5 -42t016 -5.0t0 0.47 -6.0t0 0.06 -71t0 1.6

NA NA NA

RCP8.5 -4.4t013 -6.1t0 0.17 -7.1t0-0.88
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2.5 RCP4.5 -9.2t07.2 | -14t0 19 | -11t0 6.7 | -14t0o 16 | -12t0 6.2 -9.7t0 9.5 | -14t0 19

97.5%*
RCP8.5 -9.8t07.2 | -10t08.5| -11t05.8 | -11to 11 | -13t0 5.0 -9.610 15

* For NARCIiM the values displayed in the@r%% row is the minimum armdaximum attribute values for
the scenario

4.2.4 Rainfalseasonality

As well as changes in total rainfall volunckmate change is expected tave an effect orwhen rainfall
occurs and the distribution of seasonal rainfall voluriiée following metric is usetb represent these
changes in seasonality as regards to rainfall. The misttiee calculated from the ratio of rainfall in wet
months to rainfall in dry months. Theetvmonths aredefined asApril to Septembeand dry months are
October to March

EO

EO

A AGT ERRaRD] EAETEDEIIO] BOEDAOI
S P ST BAETEAATIOT BAOESDOUT

IO
(IKe)

The projections show an expected increase in seasgnaliisis due to thedecrease in precipitation in the

dry monthsbeinggreater than the decrease in the wet months, hence the percentage change in this attribute
is increasingNevertheless there isarge uncertainty in the estimates, with aubstantial proportionof
projections (~25%)xhowing a decrease in seasonality.

l Emissions
Scenario

251 Ed RCP4s

B3 RCPES

Percentage changeaimfall seasonality index

2006-2035 2021-2050 2036-20865

Future Period

Figuret3 Percentagenange in seasondiityRCP4.5 and RCP8.5 emission scenarios, relative2@iDa tlmatological
baseline. See captior-fguretOfor further details.

Tablel3 Percentage changseasonalifyomSA Climate Ready data

Percentile | Emissions | 2020 2035 2050 Range of future
change
Median RCP4.5 3.2 6.4 5.5 3.2t0 6.6
RCP8.5 3.7 6.4 6.6
2575% RCP4.5 -2.51t0 10 0.07to 14 -0.79to 15 -2.5t0 15

58



RCP8.5 -2.11t0 9.6 0.15to0 14 0.58 to 15
2.597.5% | RCP4.5 -11 to 27 -9.5t0 34 -11to 39 -12to 44
RCP8.5 -12 to 24 -12 to 30 -11 to 44

4.3 Changes in Potential Evapotranspiration

Potential evapotranspiration represents the evaporative flux that would occur assuming an unlimited supply
R Poiéritial B/apotiaidiiratiény G a

27

g GSNI® ¢KS

I tAYFGS wSI Re

{

(APET)and the CCIA dataset usa 2 NI avgt-@r&ironmental PETResults from NARCIIM were not
available Each of these contain different assumptionimcluding in terms of the relevant climate drivers that
are used to calculate PEBNnd thereforethe alternative lines of evidence cannot bentrasedin agenuine

F2N AR SD 02 YLIF NI & @ gzidl NI &
combinations of atmospheric variables and process representation compared to the Pénomagith FAQ
56 estimate described elsewherethis report.

Wi A1S

Neverthelessthe general sign of change between evapotranspiration estimates are likely be largely

iKS Ol

as

consistent, and the climate change analysis showsttiee is significant consistency between projections,

with almost all projections showg an increasing pattern of PET, with larger increases for longer future

horizons and larger radiative forcin¢fSigure44). At the annual scale, projections ranged from tb 9.5%

increase in PET across all the projections, climate modelling methodologies and representative concentration

pathways(Tablel4).

Percentage change in average datal

10.0-

0.0-

2006-2035

2021-2050
Future Period

2036-2065

Emissions

Scenario

E3 RCpas
B3 RcPes

Figuretd Percentage changennual average PBF RCP4.5 and RCP8.5 emission scenarios, relative2t@Da 1976
climatological baseline. See captiogumiOfor further details.

Tablel4 Percentage changerinual and seasonal PET

IAGSy

Season

Percentile

Emissions
Scenario

2020

2030

2035

2050

Range of
Future Change
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Line of Evidence: SACR CCIA* SACR SACR
DJF Median RCP4.5 2.1 2.6 2.9 35 2.1t05.0
RCP8.5 25 2.4 3.7 5.0
25-75% RCP4.5 1.5t02.7 NA 2.2t03.6 | 2.8t0 43 1.5t06.2
RCP8.5 1.8t03.3 29t04.7 | 4.0t06.2
2.5 RCP4.5 0.47t0o42 | 0.6t03.5 1.0to 6.0 | 15t07.4 -0.14t0 9.8
97.5%**
RCP8.5 -0.14t05.0 | 1.8t04.1 |06to7.1 | 15t09.8
MAM Median RCP4.5 2.2 2.4 3.1 4.1 2.2to 58
RCP8.5 2.9 3.5 4.4 5.8
25-75% RCP4.5 1.3t03.3 NA 2.1t04.3 | 2.8to51 1.3to 7.4
RCP8.5 2.0to 38 3.2t05.6 |4.7t0 7.4
2.5 RCP4.5 -0.02t05.0 | 0.5t0 5.6 | 0.5t06.1 | 0.9t07.1 -0.02to 10
97.5%**
RCP8.5 0.5%6to 55 | 1.9t05.9 1.6to77 | 2.7t0 10
JIA Median RCP4.5 2.5 4.5 3.7 4.6 2.51t06.3
RCP8.5 2.9 5.0 4.5 6.3
25-75% RCP4.5 1.8to0 31 NA 26to4.4|36t054 |18to7.7
RCP8.5 2.3t03.6 3.6to54 | 5.2t07.7
2.5 RCP4.5 0.9to4.1 1.3t08.8 1.4t054 | 1.81t06.9 0.9to 10
97.5%**
RCP8.5 1.3t05.7 |3.7t095 |2.3t08.0|3.6t010
SON Median RCP4.5 3.5 2.2 4.8 5.9 22t07.7
RCP8.5 3.9 2.3 5.7 7.7
25-75% RCP4.5 2.8t04.2 NA 4.0to5.5 | 5.0t0 6.7 2.8t093
RCP8.5 3.1t04.8 4.7t06.9 | 6.3t09.3
2.5 RCP4.5 16to 5.4 0.9t04.2 25t06.9 | 3.2t0 83 1.6to 12
97 .5%**
RCP8.5 15t06.3 1t04.9 3.0t08.9 | 4.4t0 12
Annual | Median RCP4.5 25 2.5 3.5 4.3 25t058
RCP8.5 2.9 3 4.3 58
25-75% RCP4.5 2.1to 30 NA 3.0to4.2 | 3.7t05.2 |21to7.7
RCP8.5 2.4t03.7 3.6t05.7|49t07.7
2.5 RCP4.5 14t04.0 14t035 |22to55 |2.8t06.9 14t09.5
97 .5%**
RCP8.5 16to4.8 |21to45 |2.7t06.9 | 4.0to 95
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*From CCIA Report Southern and SouthVestern Flatlands (EastBaseline 198%2006. 2030 future
projection represents period 2022039.

**CCIA report records ¥0to 90" percentile uncertainty

4.4 Changes in Temperature
4.4.1 Annual and Seaso@hhnges to Dallaximurmemperature

Changes in the daily maximum temperature atown for the CFSA analysis iRigure45, with numerical

results for all the lines of evidence and across all seasons giveablal5. The results show a significant
increase in temperature relative to the baselingth slightly under a degree of warming already expected

F 2 NJ WOdzNNE y é t0 the1D 762005 hfSelidéXahd pieduiably an even larger change relative to a
WILINBRAZAGNA L £ Q oFaStAySoz | yR Ay ONSBI-éeuty. Ivhpbrtaiths Y LIS NI
even for a relatively low radiative forcing scenario (RCP4.5), prapscsuggest &urther 0.6-0.9°C warming

over the next three decade®lative to current climatesuggesting that further significant change can be
anticipated for the Barossa region regardless of the emissions scenario

Emissions
Scenario

EJ RCP4s

- o

Change in average anmoaximum temperature (°C)

2006-2035 2021-2050 2036-2065

Future Period

Figurels Percentagenange inrmuabverage maximum temperéduRCP4.5 and RCP8.5 emission scenarios, relative to a
19762005 climatological basefiee caption fagurelOfor further details.
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Tablels Relative change (°Carinual and seasonal maximum temperature

Season| Percentile E(l;neiiziggs 2020 2030 2035 2050 (F:zr?;r?geeof future
Line of Evidence: SACR NARCIiM CCIA SACR NARCIiM SACR NARCIM
DJF Median RCP4.5 0.9 11 0.7 1.2 16 15 1.9 0.7t0 2.0
RCP8.5 1.0 12 0.9 1.5 16 2.0 19
2575% RCP4.5 0.70to 1.1 NA NA 0.99t0 1.5 NA 13t01.8 NA 0.70to 2.6
RCP8.5 0.77t0 14 1.2t02.0 1.7t0 2.6
2.5 RCP4.5 0.3B3to 1.7 0.22t0 1.9 0.4t0 1.3 | 059t0 24 11t0 19 0.89t0 2.9 13to 21 0.23t0 3.8
9757 RCP8.5 0.33t0 1.9 0.23t0 1.8 0.6t01.3 | 0.73t0 2.7 0.89t0 2.1 12t0 38 14t0 26
MAM Median RCP4.5 0.71 0.87 0.7 0.99 1.2 13 15 0.7t0 1.8
RCP8.5 0.86 0.8 0.7 1.3 1.1 1.8 1.6
2575% RCP4.5 0.51to 0.2 NA NA 0.78t0 1.2 NA 1.0to 15 NA 0.51to0 2.2
RCP8.5 0.66to 1.1 11t0 1.6 1.6t0 22
2.5 RCP4.5 0.12to 14 0.26to 1.2 0.3to1.1 | 0.31to 1.8 0.79t0 1.6 0.55t0 21 1.0to 1.7 0.12t0 3.0
97.5% RCP8.5 0.28to 1.7 0.5%6to 15 0.4t01.3 | 0.55t0 2.3 0.64t0 1.9 0.98to 3.0 13to 21
JJA Median RCP4.5 0.67 0.80 0.70 0.98 1.1 1.2 1.3 0.67to 17
RCP8.5 0.77 0.80 0.80 1.2 1.2 17 1.7
2575% RCP4.5 0.52to0 0.79 NA NA 0.78t0 1.1 NA 10to 1.4 NA 0.52 t0 2.2
RCP8.5 0.61to 0.95 10to 1.5 1.4t0 22
2.5 RCP4.5 0.26to0 1.0 0.61to 1.1 0.4t01.0 | 0.46t0 14 0.84to 15 0.66to0 1.8 11t0 1.9 0.26t0 2.6
9757 RCP8.5 0.38t0 1.4 0.46t0 1.2 0.6t01.2 | 0.72t0 20 0.95t0 1.5 12t0 2.6 15t021
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SON Median RCP4.5 1.0 1.1 0.9 14 1.6 18 23 0.9to 23
RCP8.5 12 1.2 0.9 18 1.6 24 1.9
2575% RCP4.5 0.85t0 1.2 NA NA 1.2t01.6 NA 16t0 2.0 NA 0.9to 28
RCP8.5 0.96t0 1.4 15t021 211028
2.5 RCP4.5 0.48to0 1.5 0.69t0 1.5 05t01l.1 | 0.81t020 12t024 12t0 24 17t02.8 0.21t0 3.5
o1.5% RCP8.5 0.62t0 1.8 021to 19 06t01.3 | 1.1t026 0561028 1.6t03.5 1.6t029
Annual | Median RCP4.5 0.8 0.91 0.7 1.1 1.3 14 18 0.7t0 2.0
RCP8.5 0.92 1.0 0.8 14 14 2.0 1.8
2575% RCP4.5 0.71t0 0.94 NA NA 1.0t01.3 NA 13t01.6 NA 0.71t0 24
RCP8.5 0.79t0 1.2 1.2t01.8 17t024
25 RCP4.5 0.46t0 1.2 0.58to 14 05to1 0.72to 16 11to18 1.0to 20 14t0 20 0.46t0 3.1
97.5%7 RCP8.5 0.61t0 1.5 051to 14 0.6t01.2 | 1.0to 2.2 092t0 1.8 15t031 16t023

* For NARCIiM the values displayed in the-255% row is the minimum and maximum attribute values for the scenario; the CCIA report recHris a0
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 changeslative to the baselineThe baseline (1978005) number of days above 35°C has a
median of 11.5 days with a 2.5% and 9718¥ge of 3.3 days and 13.5 daysspectively across the three
stations. The results show a significant increase in the incidencdagé over 35°C, with climate models
already indicating current climate should have a median e43% more hot days comparéd the baseline,

and with a significant number of projections showing the possibility of a doubling in the number of hot days
by mid-century.

Percentage changarmmual number of days above 35¢

300-

200~

100-

—

2006-2035

2021-2050
Future Period

2038-2085

Emissions
Scenario
B3 RcPss
ES RcPas

Figureta Percentagehangen axnual number of days above 35 degrees(&ebsipsrcentage relative to the bakeline)
RCP4.5 and RCP8.5 emission scenarios, relative20GbIdinGatological baseline. See cagfigariOfor further

details.

Tablela Percerstgechange innmmuainnumber of days above 35 de@ualsiis from SA Climate Ready data

Season | Percentile | Emissions | 2020 2035 2050 Range offuture
change
Annual | Median RCP4.5 39 56 71 39to 110
RCP8.5 47 72 110
2575% RCP4.5 28t0 54 4210 73 56to 91 28to 140
RCP8.5 32to 64 55to 100 83to 140
2.597.5% | RCP4.5 10to 87 22to 130 35to 160 10to 240
RCP8.5 12to 100 30to 160 54 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

regionsb ¢ KS ARSYGAFTFAOFGA2Yy 2%oriaduSon Itk s0bségBent@tieds YelstisS W
informed bya prioriunderstanding 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 (sed-igure9 and FigurelQ) are precipitation ad potential evapotranspiration. Given that the Stella
model runs at an annual timescale, athat the identified water security metricq éble4) 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 processelsiding but not limited to crop water
demands a seasonal metric for precipitation is also included which enables adjustment of the strength of
the seasonal cycle. While it is not possible to integrateautual changes directly into Stella, the individual

component models operate at stinnual 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 sigsch&nTablel7.
To identify the range for stress testing, for each attribiite maximum and minimum value across the three
lines of evidence (if available) are chogernrepresent the range of likely changé-or rainfall and PET, the
range is extended to the next 5% increment on both sides of the projection yamglfor seasonality this is
decreased to the nearest 5% increménthe bounds for stress testing, togethwith the perturbation
increments, are also summarizedliablel?7.

Tablel7. Change ittributestimatellyvariouslonate chandi@es of evidendegether with chosen bounds and perturbation
increments used for climate stress tests

Climate Minimum Maximum Chosen Perturbation Lines of
attribute Change (%) Change (%) Bounds (%) increments Evidence

Mean annual| -23 5.0 -25t010 5% SACR,

total rainfall NARCIiM, CCIA?
Annual 1.4 9.5 Oto 10 5% SACR, CCIA*
average PET

Rainfall -12 44 -10 to 40 {-10, 0, +40} | SACR
seasonality

4.5.2 Scenarios for Stress Testing

Ly

F RRAGAZY

g2

of the analysis it may be useful to provide a more deeper explorationsofial number of future climate
senarios.¢ KS & S
climatological baseline, we will consider the following scenarios:

WEOSYFNA24EQ

NBLINB &Sy

Scenario 1: Moderate changé@his scenario is based the climate statistics over the previous decade (2011
2020).The perturbation values are alseasonablyclose to themedian of theClimate Read2050 climate
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seasonality attribute, which is different to the approach to visualising the other attributes.
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projections for RCP4,.5vith this RCP representing a plausible greenhouse gas concentraginar® given
recent commitments made at COR26

Scenario 2: Severe change, strengthened seasonal cyitls scenario is what could be described as an
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scenarios (seklausfather et al, 2090the possibility that climate models underestimate other aspects of the
uncertainty space particularly clanges to precipitation cannot be discounted, and thus this represents a

LI | dzaAof S

Wg 2 NA

Ol as

winter rainfall and less summer rainfall).

Q 2dzid2YS o

¢ KAa

a0SY Il NA 2

Scenario 3: Severe change, weakenegsonal cycleThis 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 summarzddais.

Atdzi S NJ

b

t

Tablel8 Climate scenarios for further investigation, as a fractional change relative to the climatologi20®aseline (1976

Climate
attribute

Annual average
precipitation

Annual average PET

Seasonal cycle of P

Baseline

1

Scenario 1:
Moderate
climate change

0.9

1.04

Scenario 2:
Severe change &
strengthened
seasonality

0.8

11

1.4

Scenario 3;
Severe change &
weakened

seasonality

0.8

11

0.9
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5 Representingsem connections under change

The systerwide response to climate stressors arises through the propagation of the climate signal through
both the supply and demand elements of the Barossa water resource systeswads illustrated ifrigure9
andFigurel0, whereby key climate driveime diown toinfluence different aspects of supply and demand
through a complex set of pathways and interactions. In this section we foausdsrstanding the behaviour

of these interactions under different climate forcinggth this to serve as the foundatidor integration into

the system dynamics model (Stella) representoverall system behavio under historical, current and
future climates.

TheWO2Y LR Yy Syl Y2RStaQ 6S2I (SNJ {2 dz2NO-SeDC@dnar@mbokd Yy R
described in Sd¢ions1and3) comprise the primary evidence base torderstanding the relationships shown

in Figure9, with these malels in turn having been calibrated to the historical record (see Se8}iofhe
existing models are forced with perturbed climate conditions, based on the rangausible changes to key
climate attributes as described in Sectidand summarized iffablel?7. The connections are documented

at the annual timescale (water year) to enable simpler representations of the influence of one component
on another.

Astraight forwardapproach to climate stress testing each of the key elements of thtesydiagramFigure

W Ad FTR2LISR KSNB:I ¢gKSNBoe (G(KS olFaStaysS OtAYILGS
ranges and increments describedTiablel7. Whereas the annual attributes apply uniform change factors
OKNRdAK2dzi G(KS &SI NE GKS wasSlazylft AYyRSEQerkthedL A S &
strength of the seasonal cycle, with index values below one representing weakened seasonality (relatively
less winter rainfall and more summer rainfalbmpared to the baselie and values greater than one
representing enhanced seasonality (refaty more winter rainfall and less summer rainfall). Further details

on the application of the scaling method are provided in fimeSIGHT manuabDgvanand et al, 2030The

stress test is run using the baseline climate period determined from Secti®a742005). The following
sub-sections describe each connection/link.

Finally it is noted thatwo modifications were made to the transient MODFLOW model of Li and Cranswick
(2016) representing the period 1989 to 2015. First, model forcing variallamely groundwater recharge

and PET were modified to represent baseline climate conditions. Second, MODFLOW solver settings were
modified to enhance model stability, particulashen 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 Dynamiddodelling

The approach to system dynamit®delling using Stella was described briefly in Se@i@nand is built by
mathematically describing relationships of each of the key links showigimel0. These relationships are
OFft AN SR FTNRY (GKS NBfSGOIyl O2YLRYSYyd Y2RStaz 2«
0§Sa0GAY3IQ [TableRSritidsNdciios e ailnyo:
1. Develop regression models for system components (Stella model)
2. Show results from system components and regression models, with aim to:
a. Show how penrbations of inputs affects outputs
b. Show that the regression models perform well compared to component model results

The component stress tesbmprises multiple sets of 2gar simulationsThe stress test outputs therefore
comprises 696 data points (29 water years multiplied by 24 combinations of P an&&tKkample, average
annual streamflow, an output frorthe Sourcemodel, was found to be sensitive to the climate variables
rainfall ard PETIn Figure47, the scatter of average annual rainfall against average annual rainfall and PET
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can be observedwith the streamflow magnitude indicated by the ihiolouring 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,-lan@anbivariate
regressim was found to be most suitable, of the forln @ @0 ®0 @O Equivalent scatter plots

of other perturbed variables are provided in Appendix E.
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Figurel?. Scatteplotsof streamflow outputs from Source as a result of the climate stress testavEnagaesuai@infall

and PE{mm) and the colour of the points represeamsrggannuaktreamflow in ML/year
A majority of the other variables tested werksa 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 stovame.
extraction componentgwatercourse and farm dam extractiowgre found to bevery cbsely 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 rainfalhd PET, sare sensitive to the stress test of P and PHIE regressions for
the other variables are either linear or ndinear, and univariate or bivariate depending on what regression
forms best captured theariable outputs

In reviewing model performance,as observed that calibrating Stella to individual years of record led to
degraded performance when reviewing annual average statistics. Howtheeralternativa calibrating
Stella only to annual average valueleadsto the possibility that individual yearare not adequately
reflected in the system dynamics model, even though it is the individual yaeadsnot the averages) that
arethe primary unit of operation within Stellén order to improve theomparison betweetthe component
models and theregresson relationshipsimplemented in Stellaand to better represent changes to the
averagesvhile simultaneoushpreservingndividual yearsthe average values of eaclitbe 24 perturbation
combinationsof P and PEWere also included in the calibratiothrough a weighted regressiormhis
expanded the regression @20individual datapointsfor each relationshi®@ DA @Sy GKS 24 Wt
average data points (given that they constructionwere close to the centre of the datdistribution), each
2T 0KS WI @38 WNdightiSgotloGwhile Bid of& yoints were given a weighting offhe full data
set was then regressed to obtain the relationship using weighted least squdresffect of this weighting
for variousmetrics can be observed in AppendiX#eighted Plots

7 Or 1000 for the link between groundwater ET and Pgiven issues with the regression performance for the lower
weighting
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Tablel9 summariseghe relationships implemented in Stefier the Barossa PWRA, deriviedm regressing
against thecomponentmodel inputs and outputsThe results shostrong Rvaluesfor most of the modelling
elements,demonstrating reasonable regression performance.

TablelQ Regression form of component model results to be implemented into the Barossa PVARAuBpeitainitsdate
in ML, as are input units (except P and E, which aardrRvah)es are presented in themigéit columiariable
abbreviatiorzse as introduced in the system diagigiur @

Section | Metric Component Regression Relationshipall units in ML | R
Model except for climate variable® and E(mm))
5.2 Streamflow | Source PR TP pRPO wwoT 0.87
5.3.1 | Baseflow Source,Lyne | ¢8tp TP PFP P OO 0.84
Hollick Filter
5.3.2 Baseflow MODFLOW pp T pTm Y MWImwyw ¢p P 0.98
5.4 Maximum Source o) TBIpPP 8P TOWT 0.81
farm dam
storage
5.5 Surface water | Source pxmo@l D p A T PY 0.72(for
use* g prm Y watercourse
8 pm Y 0.95 (for
farm dam$
5.6 Recharge MODFLOW |[@ @) CCTMTT 0.86
5.7 Groundwater | MODFLOW T8t Y ¢ pm Y 0.9
ET ™ P O'YU WP TIT
5.8.1 Demand Regression on WITMTPULUENTPX @ O O 0.65
historical O Tip® v
water use
5.8.2 | Demand SARDIcrop |UR® pwpmg ¢ T® O 053
model

F{dz2NFI OS 4 0GSN) dzaS Aad NBLINBASY(USR Ay (62 slLea Ay (Kr8ated2 dzNDOS
to streamflow and maximum farm dam storage respectively, hence, there aredgression relationships considered, which are

then addedto form a relationship for surface water uséhese sources are added as they are lumpedurface water usa the

license dataso can be more easily comparegbihtly considered as surface veatuse

** As mentioned irFigure9 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 dynamiazdel is also presented. This is achieved by dige

side performance plots fromomponent model results and system dynamics model (Stella) results.

5.2 Annual averagdareamflow and climate

In this section we explore changes to streamflow metrics at Yalasafunction of changes in annual rainfall
and PET and the seasonality indgéaldara was selected in this case as it represents the primary flow gauge
representing streamflow in the Barossa PWRA, with the upstream catchment area compfi% of the
Baossa PWRAANNnual average streamflow provides an aggregate measii system response and is an
important part of theoverall water balanceThe climatestreamflow relationship is also importaas it is
neededto calculate the three ecological metricsggented inTable4. Assessment of the ecological metrics
for current system configuration and changing climstpresented in Sectiof.2

Changes to the annual average streamflowiteg Barossa Valley Gorgoneoutflow (Outlet Node 2 in
Source)as a function of plausible changes to annual rainfall and PET are presetfiiguiie48, including

results from 8urce(left), and &lla (right). Thestreamflowfor each combination of perturbed P and AET
presented both in absolute and relative terms comparedht® baseline period19762006). All results are
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presented relative to the 1976 to 2005 baseline, with the recent 2220 decade also denoted in the figure
for reference purposes. Climate model projections from the two primary modelling lines of evidence are
shown, comprising botindividual model realisations and the results of various levels of model averaging.
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& 2035RCP8.5
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Figurel8 The performance space,retativéupper panelaihdabsolut@ower panelshange, atreamflow @utlet Node 2
(Barossa Valley Gorge Source ofrtbiovwgimple scaling, both flaumcgleftland $ella(rightyesultsClimate projections are
overlaid onto the plotting spleefaint grey dots represent the 9000 replicatesSitoithh€Bmall black cinaesesent the
mean of each of the 18CRAGCMs (15 models for 3 timeasit@semissions scenafi@points)the small black triangles
represent the mean of each of the 6 NARCIIM GCMs @tlpghmt)loured circlesG®hand triangles (NARLC
represent the mean of all the data for each future time slice and climate emission stheamtl¢® eaclg.with cross
through it represents the average P and PET for the most recent -@é2ajed2@ive to the 12FB5 baseline.

Fram Figure48it can be seen thatdth models follow the expectepattern ofdecreasingstreamflowfor an
increase in PET and decrease in rainfall. It can betbeéthe Stella results show a slightly smaller range of
streamflowcompared to theSourceresults however aerall, the models show very similar results with the

Stella model slightlpverestimating streamflow foa 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 absoluiggeamflow residualsHigure49), it can be seen that kb models produce
very similar results fomost changes in rainfall and PET, althotigd Stella results aréess accuratei.e.
larger errors¥or extreme values.

Mean Streamflow Residuals (GL)
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Figurel9 Residuals of the mean absolute streamflow values between Source and Stella

Differences between the models are liketybe due tothe bivariate regression used itefa being unable
to capture the full variation andnodel complexityof the $urce model. Despite this, fronFigure48 and

Figure49it seems thatpplication ofthe parametric relationship in Stella produaeserysimilarstreamflow

relationship to theSource model when applying simple scalimgP and PET

The additional influence of seasonality is showirigure50, for both asmalldecrease ana largeincrease

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 occuldoreasen the
strength of theseasonal cycle, whichéspected as this corresponds to relatively less rainfall in winter (where

a large 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 SectioB.3.], the Source model has a tendency to underestimate high flows and
overestimate low flows. This may mean that the sensitivity to climatetitied here slightly underestimates

true sensitivity to climateThis issue has not been considered further in this work, and is highlighted as a
limitation in Sectior8.2
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FiguréQ The performance space (absolute change only) replicated for a decrease in the strength of therskdisehalhvattde suenmers and drier winters; left panel), the historical
seasonal cycle (middle panel) and an increase in the strength of the seasonal cycle (additional drying imswimteerregid ety



5.3 Basdlow

As described in Sectich3.2 two alternative approaches exist for estimation of baseflosne derived from

surface water modelling, and the other from growmater modelling. Both are described here to enable
comparison of results.

5.3.1 Baseflow from Source (ityoléck Filter)

The perturbed streamflow timeseries computed in Section 5.2.1 were passed through thélaWiok filter

with | @0 Y  produceperturbed timeseries of baseflow. A bivariategression as a function of P and
PETwas then fitted to the results.

Thebivariate regressiobetween rainfall, potential evapotranspiration and baseflow is implemented in the
Stella model with non-linear components for both P and PHHigure51 shows the sensitivity analysis
conducted on the results from Source (left), and Stella (right). The value reprds®nteach combination

of perturbed P and PET is the mean annual baseflow/relative change in baseflow over the baseline period
(19762005).
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Figuré&l1 The performance spéah relative (upper panels) and alfEnigiepanels) changiaseflow from filtering

streamflowtOutlet Node 2 (Barossa Valley Gorge Sourcdroutfisimple scaling, both from Source (left) and Stella (right)

The results for relative change in baseflow between Source anié Stedw similavaluesfor no change in P

or PETwith Sourcehavinga greater range of chaegunder different climate forcingsompared to Stella.
Source also has a greater range of absolute valesbserved for the streamflow metrim particular, it

can be seen fronfrigure52 that the difference in absolute values is most apparent for extreme change in
climate, with the extreme rainfall perturbations causing th@sndiscrepancy. The residuals between the

results.

two models decrease for an increase in PET.

LY AYydSNLINBGAY 3

0 K S Gofe thhiBha differénaesin absibl@e baseflowBethEen this
figure and SectioB.3.2is due to the difference in time frames, and the fact that in Sec8i@?2the filter is

02

applied to historicstreamflow at Yaldara, and here is applied to Source downstream flow at Node Outlet 2
(the representative outlet of the Barossa PWRA).

The additional influence of seasonality baseflowis shown irFigure53. The greatest reduction iaverage

o
[i=]

Mean annual total rainfall (fraction)

1.000 1.025 1.050 1.075 1.100
Mean annual average PET (fraction)

Figuré2 Residuals of the mean absojuteHollick baseflaalues between Source and Stella

Mean BaseflowSF Residuals (GL)
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baseflowoccuisfor a reduction in the seasonal cycle, which is expected as this corresponds to relatively less

rainfall in winte. However, the smallest baseflow appears to occur foinenease in the seasonal cycléhis
could be due tanisrepresentation of baseflow when streamflow is run through the Lytellick filter, as we
would expect change in baseflow due to seasonality to be similar to streamflow.
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Figuré3 The performance space (absolutgeatray) replicated for a decrease in the strength of the seasonal cycle (i.e. relatively wetter summesf padalyjgheinistmsidal
seasonal cycle (middle panel) and an increase in the strength of the seasonal cycle (eslalitioveal aingimgeiting in winter; right panel).



5.3.2 Baseflow from MODFLOW

Herewe exploreMODFLOWerivedbaseflow within theYaldaragauge catchment (following the baseflow
zones defined by Li and Cranswick [20X6}) its responsdo change in P and PETigure54 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 MOB#d Swflla.

From the MODFLOW resultzan be seen thataseflow increases with increasing P and decreasing PET. The
change irbaseflow with respect to P is mudrger than that with respect to PET. The baseflow gradient with
respect to P shows mild ndinearity, with highest sensitivity in baseflow at lower P vallé® Stella results
show similar baseflow trends with respect to P, but are much less sensitive tesie€ially for high rainfall
perturbations
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Figures4 The performance spaaeh relative (upper panels) and absolute (lower panelsibekeafigeat Yaldardrom
simple scaling, both fM@DFLO\\eft) and Stella (right) results.
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Figure55shows the mean absolute baseflow Stdll®DFLOW residuals.can be seen that thevo models
produce very similar results, with the largest difference between the models produced for high rainfall and
low PET.
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Figuresh Residuals of the mean absolute baseflow valuesviieBvdeD\Ahd Stella

Discrepancy bgveen the baseflow filter and MODFLOW model are expected due to the difference in models
andhas been previouslgbserved in other studies such as those by Cranswick (2015) and Li and Cranswick
(2016).As well as this, baseflow is recorded from YaldathenMODFLOW modelvhereasthe filter is run

on Outlet Node 2 in Sourdeutflow from the Barossa Valley Gorge Zqreehode which is very close the
Yaldara gauging station but captures flows from a larger area, and hence produces alismjeteresut.

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 throughowach of these simulations; however as highlighted in Seciién
recharge depends heavily on climate. As such, itis likely that transient\ingeng) groundwadr 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 m@over any issues associated with retationary 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 (lumpedehaviourof farms c&ams in the Barossa PWRA is explored here using the Source
model, and these relationships are included in Stella for subsequent andlsgssection quantifies the
relationship between the total water stored in all farm dari¥ ( ) as a fuation ofannual P and PET as well

as the seasonality of. Hhe 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 Stellaes@nd degree polynomial P and linear in
PET, since an examination of responses from @t¢ime perturbations in these climate variables indicated
such a structure (not shown)Y is the annual maximum total farm dam storage in ML. To ensuréstieal
rangefor Y it is necessary to enfordée followingbounds
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oY & v ,h"Y Ug& u , (farm dam capacity in model)

This parametric equation ismplemented in the Stella model, arifigure56 shows the sensitivity analysis
conducted on the results fronboth Source (left), and Stella (right). The value represented for each
combination of perturbed P and PET is the mean annual maximum farm taage/relative change in
streamflow over the baseline period (192605).

Source Stella

110.0% 110.0% FarmDamStorage (% change)

B ses0
B 5042
4233
3325
: o 2517
100.0%—  * - -17-9

—. 100.0%

Projection

* 2020 RCP45
* 2020RCP85
® 2035RCP45
® 2035RCP85
-
-

90.0% 90.0%

Mean annual total rainfall (%
Mean annual total rainfall (%)

2050 RCP4.5
2050 RCP8.5

80.0% | 80.0% &8 &7 of : | Evidence
) & 2011-2020 Recorded
A NARCIM

1000%  1025%  1050%  107.5%  110.0% 1000%  1025%  105.0%  1075%  1100% * SACR
Mean annual average PET (%) Mean annual average PET (%)

Source Stella
110.0% 110.0%

FarmDamStorage (GL)
| =R
[ EEER
[ PEEE
| EREY
3842
4247
4751
5156
566

—. 100.0%

o

100.0%

Projection

® 2020 RCP4.5
* 2020 RCP8.5
* 2035 RCP4.5
* 2035RCP8.5
L]
L]

90.0% 90.0%

Mean annual total rainfall (%
Mean annual total rainfall (%)

2050 RCP4.5
2050 RCP8.5

80.0%

80.0% Evidence

& 2011-2020 Recorded
A NARCIM

100.0% 102.5% 105.0% 107.5% 110.0% 100.0% 102.5% 105.0% 107.5% 110.0% * SACR
Mean annual average PET (%) Mean annual average PET (%)

Figuréa The performance spaath relative (upper panels) and absolute (lower panelsinebamymfarmdamstorage

from simpkecaling, both from Source (left) and Stella (right) results.
FromFigure56 it can be seerthe annual average maximum level in the farm dam storages correspond to
antidpated patterns with maximum farm dam storage decreasing as rainfall decreases and PET indteases.
can be seen that the Source results in general produce a highge ofpercentage change than the Stella
results.TheStella model is also more compresisfor absolute maximum farm dam volume.

From examining the mean absoluteaximum farm danmesiduals Figure57), it can be seen thahe models
have some differences absolute storage valuek 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 dease in rainfall and increase in PET, as these are the
scenarios which will have the greatest impact on water security.
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Figure&7. Residuals of the mean absolaenum farm dam stovadiges between Source and Stella

The additional influence of seasonality is showfkigure58, 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 expectedhis corresponds to relatively less rainfall in winter which then can

be diverted to farm damskor increases in the seasonal cycthe annual maximum farm dam storage
increases
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Figuré8 The performance space (absolute change only) replicated for a decrease in the strength of the seasonaktigrlsinenermtvel\drier winters; left panel), the historical
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5.5 Water use fromurface water

Surface water use is calculated by combining extraction from farm dams and extraction from the watercourse
(streamflaw) in SourceThe annual maximum total water stored in the dafi¥ ( ) iscalculated as a function

of climate variables as described in the previous sedt®ettion5.4). 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 regentation in the system dynamics model. The farm dam and
water extraction variables simulated using the eWater Source model is used to define the relatigxship.
third degree polynomial is fitted to model the variation in water use from farm dams wittmthrimum
available annual storage in the farm dams.

ThewatercourseSEG NI OGA2y A& Y2RSttSR dzaAy3d o1 Wol SN dza s
course extractions are spatially distributed in reality, and are dependent upon the amount ofavaitable

in the stream at the points of extraction. Here we propose to model the total water course extractions in the
Baross®?WRA as a lumped quantity in the annual scale system dynamics model. A simplified representation
of the relationship between war 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 Scaoleé simulations. A

linear relationship is fitted to the eWater Source simulations betw&én (the annual volume of water used

from the water course in ML), andl (annual total streamflow at Yaldara in MiSince the watercourse
extractions form a snihcomponent 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 gtraction. Figure59 shows thesensitivity analysis conducted on the results from Source
(left), and Stella (right). The valuepresented for each combination of pertegd P and PET is the relative
change insurface water extraction/mean annual surface water extractimer the baseline period (1976
2005).
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Figuré9 The performance spaath relative (upper panels) and alfknlgiepanels) changisurfacenaterextractiofrom
simple scaling, both from Source (left) and Stella (right) results.

It can be seen frorigure59that Stella ad Source produce similar absolute changes for most perturbations,
but they differ forextremerainfall scenarios This is dughe Stella model not extracting the full supply of
surface water if it is not required to meet demand in any given year. Hiessesurface water is extracted
for very wet years thn predicted by the Source modéh.general, the Stella results al@verthan the Source
results.Assurface water is a combination from two different sources, it is difficult to pinpoint the origin of
this error.Although not ideal, it isonsidered preferabléo underestimate the surface water extractions as

it is more conservative when assessing water security.
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FiguresQ Residuals of the mean absslutace watextraction values between Source and Stella

From te absolute residualg={gure60) there appeardo be less of a differemcin themodels forthe high
rainfall regionthan the low rainfall regionThe additional influence of seasonality is showfigure61, for
both a slight decrease aridcrease 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 cyclehwbiexpected as less water in streams
and farm dams corresponds to less watkeat can be extracted. Increases in the seasonal cycle allow for
more surface wateavailable for extraction
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Figures1 The performance space (absolute change only) replicated for a decrease in the strength of the seasonaletiaies(inenrelatarelydrier winters; left panel), the historical
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5.6 Rainfall and groundwater recharge

Figure62 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 aAdiSé&zitaaned

in Figure9 we note that the relationship between P and R is derived not directly from the MODFLOW model,
but rather from an external relationship defined ly and Cranswick (2016) required for input to the
MODFLOW modeAs expected, it is seen that groundwater recharge increases linearly with respect to P and
is insensitive to PEThe models also produce very similar results, with Stella results showmngllaisrange

of both absolute and relative change in recharge, as observed for the majority of Source regressions.
Importantly, the recent decade shows recharge values of approximateGLQ which already is significantly

below baseline levels.
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Figurés2 The performance spdaeh relative (upper panels) and absolute (lower panelsigcbandeater rechangen
simple scaling, both fM@DFLO\\eft) and Stella (right) results.

Figure63 showsthe mean absolute recharge SteNdODFLOW residual$his once again shows that the
models produce fairly similar results, with the greatest changewé&eh models observed for exdme values

of rainfall.
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Figureés3 Residuals of the mean abs@atmrgealues betwedMODFLOWNd Stella
5.7 GroundwateEvaporation

Figure64 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. Assuminiimited lateral flows outside of the Barossa PWRA delineation (see S8dgoand also
assuming a steady state, the difference between recharge and evaporagoasents the water available

for both baseflow and for consumptive purposes. Thus, in the recent debade was araverage recharge

of approximately 1® GL/yr(Figure62) and average groundwater evapotranspiratio®ig GL/yr Figure64),
leavinga residual of 3.5 GL/yr, which is insufficient to simultaneously maintain baseflavscaisumptive
requirements. This, in turn, suggests potential limitations to the steady state assumption, as already
highlighted in Sectiob.3.2
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Figureé4 The performance spaath relative (upper panels) and absolute (lower panels) grangkvatvaporation
from simple scaling, both from MODFLOW (left) and Stella (right) results.

Figure65 shows the mean absolute groundwater ET StB@QDFLOW residual. can be seen thathe
models produce similar absolute values, and there is no particular trend where the models disagree most.
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Figureh Residuals of the mean absgtatendwater evaporatimoes between MODFLOW and Stella

5.8 Groundwater Storag

Figure66 shows the changes in groundwater storage volume, in both absolute and relative terms with
respect to the baseline period, as a function of plausible chailgBsand 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 visiblégje storage gradient with respect to P displays-finearity,

with the steepest portion of the gradient occurring at low P values.

Note that initial groundwater storage is altered at the beginning of eaelaSun in order to better match
the observed storage levels in MODFLOW using the equafion
is the scaling factor applied to rainfall in a given sensitivity Amother 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 implementeddalla with the regression relationship&t T p oY

¢ ¢ ®wherel

W Y

CTPYDP T L O @Y

The Stella results are very similar to the MODFLOW results and show very similar gradient with respect to P
and PE;Tfor both the absolute and relative change exposure spdoegortantly, given a basele storage

value over the historical record varying approximately betweenB30 GL (SectioB.9), these results are

highly suggestive of nestationary behavioum groundwater storage levels for more severe climate change
forcings.The interpretation of absolute values in these results therefore need to be treated with caution
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Figureéa The performance spaath relative (upper panels) and absolute (lower panels) grangkvatstoragdérom
simple scaling, both from MODFLOW (left) and Stella (right) results.

Figure67 shows the mean absolute groundwater storage St®I@DFLOW residual&iven 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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Figures7. Residuals of the mean abssiotegeralues between MODFLOMWSaella
5.9 lIrrigation demand

In this section, both irrigation demand models are stressted by perturbing P and PET via simple scaling
with respect to the baselinperiod.

5.9.1 Regression Model

Here we stress test the demand regression model (Se&ib8. Due to their simplicity, lhe relationships
underpinning the demand modelere implemented directly in the Stella modéherefore no compaent

model versus Stella comparisons are drawn béléwcensored regression watsoconducted,in which all

years forwhich 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 imptigthe 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 presentéidjime68. As expeted, irrigation
demand(and itspercentagechange)shows a linearlyncreasing trend with respect tméreasing PET and
decreasing PAs was discussed in Secti®il.3 some evidence exists that growers were adjusting to lower
availability in dry years by pursuing lower vyield targets, and as such the regression model may be
underestimating climat sensitivity of demand assuming that growers are aiming for consistent yields.
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Figureé8 The performance space, both abgillbettommm, middland relative char(¢@p) ofregressichasedlemand
fromsimple scaling, from Stella results.

5.9.2 FAQ56 DC®/odel

We nextstress test the FAG6 DCC moddBection3.11.2. We perturb both P and PEWedo not perturb
minimumrelative humidityq a climate variable that is an input variable to the FB®DCC model. This was
deemed appropriate due tthe small influencen irrigation demandf increasingelative humidity based
on the maximum CCIA projectiofar the SSWHWest Quster, which suggests maxmum 3.2% absolute
increase in RH by 2090r RCP8.%5Hope et al, 2015).

As expectedrigure68showsthe absoluteirrigation demandcomputedusing the FAG6 DCC model displays
anincreasing trend with respect to increasing PET and decreas@unfpared tabsolute demand from the
regression modelHigure68), the FAG6 DCC model produces a larger gradigsth with respect toP and
particularly with respect tt®ET. ThEAG56 DC@nodel also has a much greater range of demand, for reasons
discussed in Section 3.11 and 3.12.
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Figureé9 Performance spaceetddtive (top) aatisolute irrigation dem@EmdmiddleGLbottoy The performance space of
absolute irrigation demand from the regression model is shown for comparative purposes.
The SARDI regslandits implementationin 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 modedlsohas slightly steeper contoursut the average value for each perturbation combination
of P and PET are comparabtean be seen from the residuals of these modelgyrer0), that thedifference
is small (maximum @5 GL absolutelifference).
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Figure’Q Mean Annual Demand Residuals (GL) between SARDI model and SARDI regression implemented in Stellz
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6 Current System Dynamics

In this sectionthe effect of plausibleclimatic change on current systedynamicsis explored. System
dynamics and performance are assessed using the performance metrics presefitebled. The water
security metrics aréirst explored using th&tellasystem dynamics moddrigurel0), and the environmental
flow metrics aresubsequentlhexplored purely from perturbeéWaterSource model results.

Unmet demand is assess@u Stella bya A Ydzf | G Ay 3 { K$ meetestimdedde@manduddart A ( &
various climate condition€&Estimated @mand comes from botkstimatedvineyard irigationrequirements

as well asstock and domestic useand demand varieshoth yearto-year and withalternative climate
conditions The stock and domestic use is included in the observed use for the regreasieth model, and

is added within Stella tohe processased model regression as a constante @dopted stock use is 1.1,

0.891 and 0.927 GL/year respectively for the three delineations (Barossa PWRA, Barossa Valley and Eden
Valley).

Supplyis derived from a combination surfacewater, groundwagér and external sources (BIL, SA Water off
peak andBunyip pipelines)Surface water varies annually based on climate conditions, whereas groundwater
and external sources arassumed constant and do not vary ygaryear or with climate. Groundwater
extradion is kept constantasextraction from this resource has been relativetgblein recent years, and
there is some evidence that water quality limitations of the groundwater resource prohibit growers from
further increasing groundwater utilisatiormhe assumedgroundwater extraction is the averagannual
groundwater extraction over theore recent decad€3 GL, 2.1 Gland0.9 GLfor the Barossa PWRA, Barossa
Valley and Eden Valley, respectiyelyhefull imported watersupply capacitys assumed tde available to

the Barossa Valley (11 GL5 Gland 2 GLbased on BIL capacity, SA Waterpdhk averaged over the last
decade, and reporte@unyip capacityrespectively. As discussed in SectiBt2, 64% of BIL is assumed to be
supplied to the Barossa PWRA, as well as 40% of Bunyip. The full SA Watakamount is assumed to

be used in the Barossa PWRAe Eden Valley hassmall contribution from the SA Wateff peak amount,

but otherwise haso external sourceg:inally, iis assumed that the stock and domestic use can be supplied
for all delineations regardless péarto-year and longerm climate conditionsthis assumption may not hold
particularly unde the more severe climate conditions

As described in Sectidhl, dl environmental flow metrics are based on modelled streamflow from Source,
at the outflow fran the Barossa Valley Gorge (Yaldara) and Upper Flaxman Valley zones.

6.1 Water Security Metrics

Asintroducedin Table4, four water security metrics are consideradthis analysisThese includehree
metricsassociated withunmet demandwhere unmet demand is defined as thelume of annual demand

that cannot be supplied through natural and external sources. This value fluctuates yearly bastidaited
demandfor that year(for both irrigation and nosirrigation uses)as well asurfacewater and groundwater
availability The unmet demand metrics are average unmet demg@ab) percentageof years for a given
perturbation combination with unmet demandnd averge unmet demand in years with unmet demand
(GL) Thefourth 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 yed@l® 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 procesasedmodel. Results from these two approactee discussetelow.
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6.1.1.1 Water security metriagsing regressichased modeh Stella

TheregressioAbasedmodelwith error termis implemented in Stella tobtain theunmet demandmetrics
which is shown irFigure71. The regressiorbased model produces no to very low unmet demand for the
majority of climate scenario.heclimate scenari@howing the recent decade (yelldullseye&) hasaround
3.5% of yearsvith unmet demand. Giveanecdotal information about difficulties in meeting total demand

in the recent decadghis is expected to be a significant underestimation of actual demahis is likely due

to the assumption®f the regressiomodel, that was trained based on tlassumption that historical supply
acts as a proxy for demanthe results for the average 2050 projections are also lower than expected, with
alsoonly 35% of years with unmet demand, and average abemand in those years @t5GL.
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Figure’1L Unmet demand from regressisad model in Stella for the Barossa BM{RAright: Average unmet demand [GL], percentage of years with wamhelvdesganchmet
demand in years with unmet demand [GL].
Figure72 shows the ratio of supply on demand which corresponds 9% eeliability. It can be seen that thené where supply is equal to demaistight on the
edge of themost extremefuture projections, and far past the 2050 average projections. As we know that the system has already exceeded iteclomiitsyiears,
it seemsmore reasonable thathis white line should be closer to the high rainfall and low PET projections, and on the other side of the recent ddsage. bul

Again, this is likely to be due to the assumptions of the regression model, which was calibrated on water usage oventtdecade, and thus would be expected
to show reasonable performance ovamilarly dryclimate conditions.
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Figuré&2 Ratio of supply on demand that corres@i¥dg ¢tiabilitysing the regresstmsed model in Stella for the Barossa PMéR¢hite threshold line indicates the climate scenarios
where supply is equal to demand.

6.1.1.2 Water security metrics usipgocesshasedmodel in Stella
An alternative approach to calculatimpmetdemandinvolves the use of processbased demand models shown inFigure73. The processbasedmodel results
were employed in Stella using a linear bivariatgresssion. An error term was also applied within Stella to capture thetgegear variability of demanth a manner

consistent with the underlyinfAG56 DCOnodel Quantilequantile plots of the proceskased model results anthe processbased model regression with error
term can be seen in Appendix E.

The procesdased model is much more sensitive and predicts higher demand than observed use for some years in the calibeatiomate scenario for the
recent decadeshowsaround 30% of years with unmet demafigigure73, middle panel)which is closer to expectations based on anecdotal experiefisevere
water stressover the recent deade This is likely due to the high demand in certain years caused by the largéoyesar variability in thdFAG56 DCGnodel
results,with the demand from theFAQ56 DC@nodel far exceeding observed use during dry years, implying that use would henegyieater in those years had
supply beeravailable As the recent decade climate scenario sits within the middle of the future climate projections, the average 2050 sceoitiatidar from
the recent decade, with around 35% of years with unmet dednamd 2.2 GL average unmet demand in these years.
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Figure’3 Unmet demand from prebased model in Stella for the Barossa PWRA. Left to right: Average unmet demand [GL], percentage of yeansdatreusgect misinamaha
in years with unmet demand [GL].

Figure74 shows the supply on demand ratio using the prodeased modellt can be seen that théne where supply is equal to demaatlleast 90% of the time
(corresponding to a system reliability @%)is to thetop left of the recent decadelimate scenarioln 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 erddf4o have met the criteria of

90% reliabilityfor the recent decade
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