Review of Water Reform in the Murrddarling Basin
Appendix4. Climate change in the Murrdyarling Basin

Climatechangen the MurrayDarling Basin: an update

Dr Penny Whetton, Consultant and Honorary Fellow, University of Melbourne

This reporprovides an upto-date assessment of how climate change is affecting the MDaying Basin
using published informatiomwo key elements of this taske to reviewimplications for theBasin of CSIR®
latest climate bange projections, and to assess ttomtinuing relevance dhe detailed hydrological climate
change projections for the Bagimovided byMurray-Darling Basin Sustainable Yields proje008.

The Basin area has warmed by around a degree since 1910, and will continue toywaréqm @ p 2030 A Y
relative to 19%, andby 0.9¢H @ pin 2030without mitigation), with more hotdays and fewer cold days.

Rainfall is projected to have a tendency to decrease, particularly in the south and in winter, with more time in
drought and decreaseds moisture. Howevehoth natural variability and moddb-model differenceare

large, ard both increase and decrease rainfall are possible, particularly in the north. Daily extreme rainfall is
projected to increase evehaverage rainfall declines, with implications for erosion and floodingng other
impacts

Using a climate analogue LILINR | OKZ &AGS& Ay (GKS .lFaiy WwWY20SQ AyftlyR
scenario and north/northeast in the coolest/wettest scenario. The analogues may be many hundreds of

kilometres away and outside the Basin in 2050 under high emisségssenting a substantially different

climate

Wet and dry extremelimatescenariosised inSustainable Yield€SIRO 2008kh)ere assessed as still valid and
representative given latest scienand thus the consequent hydrological scenarios are similarly still valid and
repreentative (althoughlatest modelling results suggest thifite probability of the dry scenario may have
declined slightly)Forthe dry scenario there are large reductions runoff and wateilabéity throughout the
Basin.For the wet scenario there asggnificant increases in runoff and water availability in the north grgadin

to little change in the south

The purpose of this report is to provide an-tip-date assessment of how climate charigaffecting the
Murray-Darling BasinThereport has ben commissioned by the Wentworth Group as a contributioario
independent revievthat it is undertaking of progress amplementation of the MurrayDarling Basin Plan.

The particular focus of this report is on the question ofclimate chage has affected, and is anticipated to
affect, water availabilityn the Basin. Subsequent questionshafv climate change could affect the ability to
deliverBasin Plan objectives; atmhgterm policy implications and recommendations for managing and
adapting to climate change impacts in the MursBxarling Basimill be addressedh a subsequent reportThis
report will also provide detailed climate and hydrological scenadasssist in addressing these questions

This report is a desk top studyhichreviewsinformation on climate change relevant impacts in the Basin,
based on the latest saiee and drawing from a range a$sessments currently availablhere arehree

major sources of informatiorthe Murray-Darling Basiisustainable Yield$Yprojectrepresenting the most
comprehensive assessment of the impact of climate change on hydrology in thg &80 20080) { L wh Q&
latest climate change projections released in 2QCbmate Change in AustratigCCIA(CSIRO; BoM 2015)

and thehistorical climate informatiofirom the Bureau ofMeteorology. Reference is alsmade to theregional
projections of the Victorian Climate Initiatig¢icClYTimbal et al. 201&ndthe NSW/ACT Regional Climate
Modelling (NARCLIM) projeffEvans et al. 2014and to the results of the South Eastern Climate Initiative
(SEACQICSIRO 2012)



As new hydrological modellinghgyond the scope of this reporthe wet and dry scenarider water
availability2030as documenteds y / { L w h@ading 8akil$iNlaigable Yields Project arepeesented
here. Any necessary adjustments to the conditions under which they may occur given the latest climate
modelling are assessed and also presented.

This report begins with an assessm of recent observed climate variability and chamgéhe regionand its
causes The latesisources of information, such as new climate modelling results, are introduced and
described.Then projected future climate change fibre region in 2030 and 2050 is presented based on
relevant material drawn fronthe CClArojections. Thigncludes changes to means and extremes of
temperature, rainfall and a range of climate variables relevant to Basin managenwehirther illustratethe
changes in climate, sites with current climates analogous to the future climates of some key sites in the Basin
are identified. Nextto provide context for the hydrological scenarios a comparison is made between current
climate modelling results antthose available when th8Yhydrological results were produced. Finally, the

Wet and Dry hydrological scenarios for 2030 fr8ivare presented along with a currerissessment of the
conditions under which they may occufhe Wet and Dry scenarios from &¥ givengreateremphasishere
rather than Median scenarifwhich representdittle rainfall change)as this correctly emphasises that
substantal rainfall changés very plausible (even if the direction of change is uncertain)taatthis needs to

be considered from a risk management perspective.

Here the MurrayDarling Basimegion, as illustrated in Figure, Isused forbasinwide statistics such asrea
averagedhistorical climate trends fronthe Bureau of Meteorology
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Figure 1: MurrayDarling Basin (Sourcehttp://www.mdba.gov.au/publications/maggatiatdatg

Climate change projections in this report are based on the regeatiin of Australia used in CQIBSIRO;

BoM 2015) This divided Australiain®A I K4 NBEIA2ya oly2e6y I a WOf dzad SNAQO
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resource management regions (seglte 2). The Basisapredominantlycomprised of two of these clusters:

WadzZNNIF & . FaAyQ> NBLNBaASYlGAy3a (KS sentidiNgupper®ariin@ KYSy G = |y
catchment (Figure 3). The northwest portion of the MDB also falls partially into the Rangelands cluster, but this

report will focus on the climate change results for the Central Slopes and Murray Basin cdsdtees

hydrologicaly important clusters for the Basin.
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Figure 3: Murray Basi and Central Slopes clustéram CCIA. Sourcereproduced fronkkstidm et al(2015)and Timbal
et al(2015)
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Historical climate change

Temperature has ineased historically across th@#in sincehe beginning of good quality records in 1910
(Figure 4top leff). This has been more marked since 1950 thedour warmest yearsince 191(have
occurred in the last ten yeardVarm season temperature (Figure 4, top rijehows the seasons @009/10
and 2010/11 as slightly anomalously cooba®nsequencef wet conditions (see below), although with a
return to drier conditions in recent yegremperatures have returned to those typical of the last decade. The
warming since 1910 has occurrgdthe allparts of the Basin (Figure 4, bottom [géind in both maximum and
minimum temperatures as well as mean temperatur€alculated from the data for the Basin area
downloadable from the BoM websitttp://www.bom.gov.au/climate/) Basinwide average increase in
mean temperature over 1922015based on BoMiatais +0.9C, and that for maximum temperature is +0.7
XC and that for minimum temperature #s1.2xC. Theréhasalso been a marked increasing trend in the
frequency of hot years and a deasing trend in cold years (Figure B\tribution of Australian region
warmingat least in parto anthropogenic climate changeas established bi{aroly and Bragan2005)

Annual mean temperature anomaly - Murray Darling Basin (1910-2015) Nerthern wet season mean temperature anomaly - Murray Darfing Basin (1910-2015)
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Figure 4:Mean emperature anomalyvith 11-year running meam black averaged across the MD#inually (top lefx, for
October to April(top righ)), and the spatial distribution of the rate of temperature chang®30i 12015 (bottom lejt
Source: BoMwebsite(http://www.bom.gov.au/climate/)
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Figure 5 Variation in the area of the Basin experiencing unusually warm conditions (annual average maximum temperature
anomalyof Decile 10)(left) andunusually cold conditiong@nnual average minimutamperature anomabecile 1)(right).
Source BoM wesite (http://www.bom.gov.au/climate/).

Precipitationdoes not show clear trends in the same way that temperature does. Annual rainfall averaged
across the Basifor 19002015is shown in Figure 6 (top left)As well as the high nadal variability, he
Millenniumdrought(Leblanc et al. 20113 particularly evident over 2062009,followed bythe very wet
20102012, andinally areturn to dry conditions in the subsequent years up to present. Earlier drought
periods are evident, such as in the 1940s and 198Gke rainfallis broken down according twool and warm
seasondor the Basin (using 2 a Q& &2 dzi KSNY | ¥ Rseg AgNie K@piigh fos definition)S | & 2 y &
there is a marked tendency for the Basinh@ve become driein the hydrological and agriculturally important
April to October periodFigure 6, comparbottom left with top right). All cool seasons have been drycsin

2001 excepR005 and 20Q. Dryingis less marked in thearm season for which there has beemore

frequent and larger posite anomaliesmost notably the summers of 2009/10 and 2010/11. This cool
season/warm season dichotomy in rainfall behaviour is most evident in the southern half of the Basin where
the winter drying has beeavenstronger. In fact for Victoria the dominance of coadeason rainfall over

warm season rainfall has weakened in the past decade to its lowest rectadeldTimbal et al. 2016)

Annual rainfall anomaly - Murray Darling Basin (1900-2015) Northern wet season rainfall anomaly - Murray Darling Basin (1900-2015)
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Southern wet season rainfall anomaly - Murray Darling Basin (1900-2015)

Australian Bureau of Meteor gy 200

150 150

100 100

50 50

50 50

Rainfall anomaly (mm)

-100 -100

150 150

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

TT-yaar tunning averages shown by black curve ‘s on 3 F-year climatobgy (19671-1990)

Figure 6: Precipitation anomaly averaged across the MDB annually (a), for the northern wet season, October to April (b),
andthe southern wet seasonpld to October(c). 11-year running mean indicatéual black Source: BoM website
(http://www.bom.gov.au/climate/)

The Millennium Bought was ofgreathydrological importance to the MDBarticularly the southern MDB
(Leblanc et al. 2011 )Potter et al(2010)note that the reductionsn runoff wereunprecedented in the

historical record and estimated their return period as 1/300 years. Notably the runoff was more reduced than
may have been expected given thanfall anomaly, a tendency that has been attributed (in a studyfor
catchment in the Sahern Basin) to increases in potential evapotranspiration and changes to rainfall
variability and seasonalifPotter; Chiew 2011MDB rainfal(Ho et al. 2015and Murray streamflowGallant;
Gergis 2011decords lave been extended back into the pirstrumental periodusing various palaeoclimatic
indicators. Thesstudies suggest that larger amaore extended dryspels may have occurred in the more

distant past, althougl@allant and GergiR011)estimate the return period of the MlenniumDroughtas

having a 1/1500/earshased on past climatic variability
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The dry conditions in the cool season ogeutheastern Australigince 1996, andffecting the southern MDB
areassociated with a southward expansion of the atmospheric Hadleprala southward shift of thetorm
track (CSIRO 2012; Post et al. 20T4je change in rainfall and circtitm agreequalitatively with that
simulated under enhanced greenhouse conditiansl have been partially attributed to anthropogenic
influence along with natural vaability (CSIRO 2012; Timbal et al. 20T8)e unusually wet conditioref
December2010may also have been influenced by anthropogenic climate conditions, as thm&aelated
high rainfall appeato have been enhanatby urusually higtregionalsea surfacéemperatures(Evans;
Boyer-Souchet 2012)

The quantitative projections to be presentbére are drawn frm the CClArojections(CSIRO; BoM 2015)
The basis atheseprojections are the results dhe CMIP5 ensemble of climateodels run under scenarios of
increasing leels of greenhousgases and atmospheric aerosols, known asRepresentative Concentration
PathwaysRCPs The CMIP5 ensemble represetite latest round of climate model simulations from the
major modelling centres around the world, and are also tineugations used by thdPCGTaylor et al. 2012)
The RCPs comprise: RCP8.5 (high emissiornthandreatest impact on the climateRCP4.5 and RCP6.0
(intermediate emissions anclimate impact and RCP2.6 (low emissions daist climate impadt(Van Vuuren
et al. 2011) The RCP8.5 future involves little reduction to current emission patterns, whereas at the other
extreme,RCP2.6 represents a very ambitious program where emissions peak by 2020 and decline rapidly after
that to eventually less than zerd&eefurther discussionn CSIRO & Bof2015) Results presented here are
primarily for RCP4.5 and RCP8.5.

Projections for futureclimate changeare conditional on a particular RCP, although results differ little according
to RCP in the near term (2030). The effect of RCP differences is a little more importanO{gradSery
important later in the century.

Even for a given RQ#tpjections need to be presented as rangekis is because there is a range of regional
responses to enhancdegreenhouse conditions thaurrently can beseen as plausible, and thgpreadof

results between different climate models can be used as an estimate of this.rggaral variability of

climate (present in models and in the real world, but with different phasing) also contsbutbe ranges
produced, particularly in the neaetm when signals may be weak compared to naturalamlity. Selecting
some models over others based on their ability to simulate aspects of current regional climate can provide
increased apparent certaintie.g, Smith and ChandlgP010)using earlier generation GCM$ut afteran
extensive review CClncluded that this approach was natfficientlyjustified for the Australian results of

the CMIP5 ensembland CCIA used all available CMIP5 meideform ranges of changgseefurther

discussiorin CSIRO & Bok2015). That conclusion is accepted here.

Temperature

Projected mean temperature change for 2030 and 2@88ative to 1995or the southern and northeast
regionsare given in Table 1, based on the analysiSGfACSIRO; BoM 2015Projected warming in 2030
relative to 1995 is around 061.5xC, with themain source of variatiobeingmodel differences (variations in
the emission scenario have little effectprojected varming is slightly stronger in the north, than in the south.
By 2050 sensitivity to assumed emissions is more noticeable with projeeeding of 0.9 1.9xC for RCP4.5
and 1.3-2.5xC for RCP8.5 and with warming a little higher in the north than in the sduth notable that the
increaseto datein mean temperaturerelative to 1995is already around 0.5C (see Figure 4), suggesting that
the lower bound of 0.&C forthe projected warmings very likely to be exceeded.

These warmings are large compared to natural variability (see Figure 7 for an example of projected warming as
a time series using the ressilfrom a single climate model under RCP8.5). Warming for maximum and
minimum temperature are similar to thdor meantemperature(CSIRO; BoM 2015)
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Table 1: Average warming irC for theMurray Basin and Central Slopes in 2030 and 2050 and under RCP2.6, RCP4.5 and
RCP8.5. Baseline is 1995 (192605).Source: Climate Change in Australia website.

RCP2.6 RCP4.5 RCP8.5
2030 Murray Basin 0.8 (0.61.0) 0.8 (0.61.1) 0.9 (0.71.3)
(20202039) Central Slopes 0.9 (0.61.2) 1.0 (0.61.3) 1.1 (0.71.5)
2050 Murray Basin 1.0 (0.61.3) 1.3 (0.91.7) 1.7 (1.32.1)
(20402059) Central Slopes 1.0 (0.71.6) 1.4 (1.01.9) 1.9 (1.32.5)

-
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Temperature change (Degrees C)
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Figure 7: Example of model simulated historical (blue) and projected (red) annual temperature (in C) for Murray Basin
region from a single global climate model (ACCES#&odel, RCP8.5). Grey envelope indicates results from multiple
models. Source: Time Series Exn ClimateChange in Australia website
(http://www.climatechangeinaustralia.gov.au/en/clif@tgjections/exploralata/timeseriesexplorer)

These projected warmings are expected to agpldaily temperature extremesincreasing the temperature of

hot days and cold nights, and increasing the frequency of hot nights but reducirigetheency of cold nights

CClAconcluded foMurray Basin based on model results and physical understanding: adzo a G Y G A £ Ay ¢
in the temperature reached on the hotsé days, the frequency of hot days and the duration of warm spells are
LINE2SOGSR ¢AlK Qs et € 2LK)SiDiRny hayR@¢udeszl RSONBFaS Ay (K
frequency of frost days is projected with high confidehEimbal et al. 2015 CCl&onclusiondor the

northeast of the Bsin (Central Slopes) were simi{&kstrom et al. 2015)able 2 gives an example of

projected changes in the frequency of days ovex@@nd frosty nights faa site in the Basi(Bendigo).

w

Table 2:Projectedmeanfrequency of days at Bendigo with maximum temperature ove€4thd days with minimum
temperature under Z. Source: Threshold Explorer, Climabange in Australia website.

Bendigo area Qurrent 2030 RCP4.5 2050 RCP4.5 2050RCP8.5
Days over 46C 1 2-4 35 3-6
Days under 2C 35 24-29 18-29 1522

Precipitation

A tendency for reductions in cool season rainfall under enhanced greenhouse conditions has been a consistent
result from climatemodelling for manyears(CSIRO; BoM 2007Yhisis most important for the southern

MDB where cool season rainfall predominates. The process behind this change appears to be essentially a
southward shift of midatitude weather systems and an expansifithe tropics(CSIRO 2012; CSIRO; BoM

2015; Hope et al. 2015)Varm season simulated rainfall change in southern Australia is less clear and ranges
from anincrease toa decreasg CSIRO; BoM 2015)n all seasongatural variability is high relative tine

signal and may obscure the forcedange for some decadé€SIRO; BoM 2015presented below ar€EMIP5
simulated rainfall changes from CCIA for the two@ag most relevant to the MDB.
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It should be noted that dynamically downscaled projected rainfall chawvge NSWs also available from the
NSW @®vernment based on the earlier CMIP3 model ensemiBW/ACT Regional Climate Modelling
(NARCIiM) projedtttp://climatechange.environment.nsw.gov.au/Climafeojections-for-NSW and that

these projections lieloser to the wetter end of the range of rainfall change of CMIP¥namical downscaling
using the CCAM model reported@CIACSIRO; BoM 201&lso showed this tendencErose et al(2015)has
comparedthe NARCLiNdrojectionswith those of CMIP5 and other downscaling for the Central S|ogpes
whilstthey notedthat the fine resolution technique may moreliablyreflect topographical influences in some
places, the broad trend for a less drying and a more wetting climatea™NtARCGM projections was not well
understood and nohecessarily to be preferred.

Projected changes in precipitatidtased on CClére tabulated for 2030 and 2056r southern and northeast
portions of the Basin in Table 3 (annual changes) and Table 4 (seakangks). Annual average precipitation
change in 2036s-11 to +5% in the south and3to +8% in the north. By 2050 these ranges are arcdido
+8% and16% to +1%. Thushe range of change extends from drying to wetting but witgraater tendency

for drying particularly in the southIndeed, projected drying is stronger still in the Victoramly component

of the Murray Basimegion(Timbal et al. 2016)The wetting cae is most evident in the north in summer and
autumn @round-25 to +25% in 2050), and tlieying case is most evident ipring, especially in the south
(around-15 to +10% in 2030 and0 to+10% in 2050)Forced changes are much smaller compared to natural
variability thanthey were for temperature (seeigure 8 for an example of the time evolution ofgcipitation

in a drying model), with the result that the effect warying emission scenariosnst stronglyevident. Natural
variability has probably contributed tdvé observed cool season rainfall decrease since 48@ady being
comparable to the dry end of the projected rainfall change 8@, although this fact alsaises the concern
that the modelsmay beunderestimating theainfallresponse.
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Figure 8 Example of model simulated historical (blue) and projected (red) winter precipitation anomaly (in %) for Murray
Basin region from a single global climate model BRFESM2M model, RCP8.5). Grey envelope indicates results from
multiple models. Source: Time Series Explorer, Climate Change in Australia website
(http://lwww.climatechangeinaustralia.gov.au/en/clir@atejections/explor@ata/timeseriesexplorer/

Table 3:Average annual precipitation chan@@" to 90" percentilesjn Murray Basin and Central Slopes in 2030 and 2050
and under RCP2.6, RCP4.5 and RCP8.5. Baseline is 1995-2088§. Source: Climte Change in Australia website
(http://lwww.climateclngeinaustralia.gov.au/én/

Region RCP2.6 RCP4.5 RCP8.5
2030 Murray Basin -11 to +4 -9 to +5 -11 to +5
(20202039) Central Slopes -11 to +8 -11 to +7 -13 to +8
2050 Murray Basin -17 to +5 -13 to +7 -14 to +8
(20402059) CentralSlopes -15 to +9 -13 to +7 -16 to +11

Appendix4 Page 8


http://climatechange.environment.nsw.gov.au/Climate-projections-for-NSW

Table 4:Average seasonal precipitation chah@" to 90" percentiles)n Murray Basin and Central Slopes in 242020
2039)and 205020402059)and under RCP4.5 and RCP8.5. Baseline is 1995 {2086).Source: Clinate Change in
Australia websiteHttp://www.climatechangeinaustralia.gov.aujen/

Murray Basin Central Slopes |

RCP4.5 RCP8.5 RCP4.5 RCP8.5
2030 DJF -15to +13 -9to +16 -9to +16 -12 to +23
MAM -24 to +12 -21to +12 -22to +19 -17 to +14
JJA -15to +8 -17 to +7 -20to +11 -27 to +15
SON -16 to +12 -17 to +7 -18 to +12 -23to +12
2050 DJF -15to +20 -17 to +14 -9to +20 -19 to +19
MAM -18 to +15 -20 to +20 -21to +18 -25to +26
JJA -13to +6 -16 to +9 -21to +12 -27to +12
SON -24 10 +9 -28 to +10 -20to +13 -31to +14

Unlike mean rainfall where the direction of change is not clear, magnitud&tofme daily rainfadl isvery

likely to increase. CC@2 y Of dzZRSR T2 NJ 1 KS adzNNJ & . I aAigodpledwity RSNE G | YR
KAIK Y2RSt FANBSYSyld 3IA@Sa KAIK O2y FARSYyO&SimbaKdt i (G KS A
al. 2015) and also drew very similar conclusions for the Central Slifletrom et al. 2015)n fact, this

tendency applieglobally, as shown by the mnt IPCC repoftPCC 2013)However, CCIA also concluded:

£There is low confidence in the magnitude of change, and therefore the time when any change may be evident

against naturaVariability, cannot be reliably projectédCSIRO; BoM 2019ncreased daily rafall extremes

poses the risk afhcreasedlboding and erosionamong other impacts.

On the other hand, changes to meteorological drought occurrédogught occurrence defined in terms of

rainfall deficits)argely follow the projected changes to mean rainfall (increase or decrease, but with decrease

more likely). Based on its analysis of the CMIP5 models resultsGCEMOf dzRSR G KI inY a ¢ KSNB A :
confidence that the time spent in meteorological drought will increase over the course of the century under

w/ t y ®iheEMuiFag Bdsin and Central Slopg@kstrom et al. 2015; Timbal et al. 2015)

Other variables: Evapotranspiratienil moistue, snow, fire weathersea level rise
(from CCIA)

Projected warming is associated with increased potential evapotranspirtitronghout Australia, including
the regions in theV' DB The magnitude dhe increasen 2030 is around a-6%(CSIRO; BoM 2015; Ekstrom
et al. 2015; Timbal et al. 2015)

The increase in potential apotranspiration results in a tendency for reductionsail moistureon average in
the Basin that arstronger than one may expectoim rainfall changealone(CSIRO; BoM 2015; Ekstrom et al.
2015; Timbal et al. 2015)

Primarily due to increased temperatyrire weather conditions woulthecomeharsker. This chage is also
moderated by rainfall changes, and would be most emtdvith reducedrainfall (CSIRO; BoM 2015; Ekstrom et
al. 2015; Timbal et al. 2015)

Higher temperatures lead a reduced likelihood of precipitation falling as snow, and fastesfraalf snowon
the ground CClAoncluded that sawfall and maximum snow depth wouttecline with high confidence
(CSIRO; BoM 2015; Timbal et al. 20IB)is would have the effect of shifting the perfdoeak runoftto
earlier in the season in sneaffected catchments

Sea level rise at the Murray mouthay be estimated from the relevant regionakalevelrise projections in
CCIA Projectedncrease in 2030 (relative to 1995) at Victor Harbour is 0.12 m-@I&8m) under RCP4.5 and
0.13 m (0.0& 0.17 m) under RCP8(Fimbal et al. 2015) CClAloes not provide regional projections feea
level risein 2050, but by 209@ is 0.45 m (0.28.63 m) under RCP4.5 and 0.60 m (@; 8333 m) under RCP8.5
(Timbal et al. 2015)

Appendix4 Page 9



Wet and dry climate scenarid@imateanalogues

In this section we explore further what the combination of changes to precipitation and temperature may

imply for the déimates of individual sites in the Basilihe approach used was to select a site of interest and

then find locations that currently have the projected future climate for the target site, under the climate

scenario considered. This was done usingdHey | f 2 3dz§4& SELIX 2NBND 2y GKS // L!
sought basedn annual average maximum temperature and precipitation (within tolerancegdb +/- 1 xC

and+/-15% but usually much le}s

Across the two variablethe model range was represented by a hottest and driest caseaaodlest (least
warming) and wettest case as provided on the CCIA websheRCP4.&mission scenariavas use for 203Q
andthe RCP8.5cenario was used for 2058oting that results for RCP4if 2050would lie between these
two extremes. The magnitude of the rainfall and temperature changes in these four cases aratéttin the
first row of Table 5 Note that these changes are based on individual model results amdbalign directly
with the 10th and 90th percentile of model ranges provided in the previous section.

It should be noted that these analogue resudte tobe treated as no more than broadly indicative. Changes
in rainfall seasonality are ignoredpé for small changes (2030) ttsggnal can be clouded somewhat by the
tolerances used.

The resulting:limate analogues for range of selected sites in the MEHiged in Table &and mappedn
Fgure9.{ AGSa Ay (K $ower elavatioh sitesfa@t@emlend éana/or to lower latitude (which is
generally to thenorthwest) under the hottest/driest scenario Under the coolest/wettest scenario, sites
WY 2 @ wer latitude without going further inland (and generally move negtistward). In the 2050 under
RCP8.Xlimate analogues may be many hundreds of kilometres awayeas of differing agricultural
productionand sometimesoutside the Basin

Table 5 Climate analogue sites for nine locations in the Basin under the cBoextarios indicated. Temparee and

precipitation changes indicated for each MB (Murray Basin) and CS (Central Slopes). Source: Climate Analogues Explorer,
Climate Change in Australia webs{tatp://www.climatechangeinaustralia.gov.au/en/cliF@tgections/climate
analogues/analoguexplorer}

Hottest and driest Coolest and Hottest and driest Coolest and
2030RCR.5 wettest 2030 2050RCB.5 wettest 2050
MB, +1.1C -7% RCR.5 MB,+2.1C -21% RCB.5
CS +1.C -9% MB, +0.9C, 0% CS#2.5C,c20% MB,+1.3C 8%
CS+0.9C,10% CS+2.0C,7%
Bendigo Kyabram Corowa Griffith Waggawagga
Leeton Cootamundra
Griffith Hay, Balranald Cobar lvanhoe Condobolin
Wagga Wagga West Wyalong Parkes Griffith, Cobar Dubbo, Parkes
Condobolin Forbes
Forbes Condobolin Gilgandra Nyngan, Cobar GunnedahScone
Renmark Port Augusta Menindee LeighCreek Menindee
Dubbo Coonamble Gunnedah Nyngan Narrabri
Lightning Ridge Moree
Goondiwindi Roma Gayndah Tambo Collinsville
St George Charleville Taroom Barcaldine Charters towers
Emerald
Moree Roma Goondiwindi Tambo Gayndah
St George Charleville
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Any changes to precipitation will drive corresponding changes in runoff, withrglification factor estimated
in Australian conditions to be up to a factofrthree (Chiew 2006; Reisinger et al. 201&he MurrayDarling
Basin Sustainable Yields projésy (CSIRO 2008kgstill the most up to date source of detailed projections of
hydrological conditions in the Basiithe results are summarised@8IR@2008b) with more detail of the
climate scenarios used @hiew et al(2008a)and of the hydrological modelling i€hiew et a(2008b) Rdated
results are also given the report of the Sout East Australia Climate Initiatig€SIRO 2012As well ashe
primary driver ofrainfall change, the SY modelling allowed for the effect of projected increase in potential
evaporation, butdid not includethe possibleeffect of changes to forest watarse(Chiew et al. 2008b)

Driven primarily by the tendency for projected rainfall declities SYstudy projected decreases runoff and
GLGSNI I @gFAfloAtAGe Ay GKS . F&AY odzi 6AGK | NIy3aS SEGS
RS ONXB | & Sdiy sdenaridi Mo kletdilsWwf the wet and dry hydrolaml scenarios from SMll be
presented here, bubefore doing so, the climate scenarios use@Wneed to be assessed the light of the
current regional climate projections (as reviewed above), to see if tisemay significant change in the
plausibility and representativeness

Jronnarn
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& Main izen . Mam oen
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Figure 9: Map depiction of the climate analogues shown in Table 5. Left panel 2030 and right panel 2050. Red arrows
hottest and driest case, and blue arrow coolest and wettest cas

The climate scenarios used$vwere based on the earlier CMIP3 ensemble of global climate model results
(Meehl et al. 2007)and from these a wet, median and dry precipibatiscenario watormed (both atgrid

points and averageedcross theBasin, seeChiew et al(2008a) based on the.0", 50" and 90" percentiles of

the CMIP3model results.Figure 1qCSIRO; BoM 201&)mpares the range of the full CMIP3 and CMIP5
model ensembles for precipitation change over Australia. The results from these two ensembles are very
similar:arange from wetting tadrying (see 10 and 90" percentiles), with aendency moreo drying (see 50
percentiles), and with the wetting case being weaker (and the drying a little stronger) in the southern Basin.
However, werall the bias to drying is slightly weaker in thdI25 ensemble.

We can also compare the MDB average annual raicifaihges used in SWith 10", 50" and 90" percentile
rainfall changes from CMIP5 for the Murray Basin and Central Slopes regionS@idmseeTable6. The
comparison is not exactlike for like(dueto the differences imegionalisations and emission scenarjds)t
the resultsstrongly indicatehat were wet and dry scenarios consttad as they were in SXut using the
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CMIP5 model ensemble, they would not diffestantially It should also be noteithat projected increases in
potential evaporation useth SYof 2-4% in 2030 aralso consistent with the CMIRfased resultseported in
QCIA(Chiew et al. 208a; CSIRO; BoM 201Bf noted above, the&lARCLiMigh resolution downscaled
projections based on CMIRBodels were not adry as in the GCMs, although statistical approaches do not
show tistendency(Grose et al. 2015)

Based orthe above, it may be concluded that the dry and wet climate scer&iv2030 as used in
Sustainable Yield€SIRO 2012)e still valid and representati@lthoughthe probability of the dry scenario
may have declined slightly)

Nevertheless, the need to undertake new hydrological modelling using updated climate scevauidbe

justified (depending on the available resources) as new specific questions arise, and as climate projections and
hydrological modelling science evolvén.particular, the revised Basin Plan due in 2026 would require
hydrologicalprojections to be generated for the period that aligns with its planning horizon which will extend
well beyond 2030. There wilso be at leasanother decadef observed climg and hydrologicahdditional

datathat will need to be considered

CMIP3 CMIP5
4] il
16th
o o
] o T 2 - -
50th =
“ o o
2 ]
90th
“1 W o

[ i 550 st 1560 E e 30 aat 1500
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% rainfall change 2090 RCP8.5

Figure 10:10", 50" and 9" percentiles of precipitation change in 2090 (RCP 8.5) for the CMIP3 and CMIP5 model
ensemblesSource: reproduced fro®@SIRO & BoM(2015)

Table 6 Comparison of projected precipitation change in 2030, dry, median and wet cases for the MBS feord 16,
50" and 90" percentiles for Murray Basin and Central Slopes f@@iA. CCIA results are for RCP8.5, as SY used high
emissions to define itset and dry casg€hiew et al. 2008a)

Dry Median Wet
MDBaverage, CMIRBased(CSIRO 2008b) -13 -3 +8
Central Slops, 10", 50" & 90" percentiles CMIP5 -13 -1 +8
based(CSIRO; BoM 2015)
Murray Basinl10", 50" & 90" percentiles CMIP5 -11 -1 +5

based(CSIRO; BoM 2015)

Projected changeannual, summer and winter runoff across the Basi2030from SYare presented in Figure

11. Averaged the across the Basin, runoff declines by 33% in the dry scenario and increases by 16% in the wet
scenario(CSIRO 2008egionally (Figure 11, top righthe range is arounét0% to little change in the

southern most catchments of the Basand around30% to +30%n the northern catchmentsThe dry
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scenario reduces flow more strongly in winter, and the wet scenario increases flowsstnamgly in summer
(Figure 11bottom left and righ}.

Impacts on water availability in each catchment as calculatefMs indicated in Figure 1&5imilar to
percentage runoff changethe southern catchments see little increase in the wet scenario and substantial
decreases in the dry scenario. The northern catchments see increases or decreases depending on the
scenario.Summed amss regionschanges ranges froml percent increase (2631 GL/year) under the wet
extremeto a34 percent reduction (7893 GL/year) under the dry extragiimate (CSIRO 2008hB)ith
relevanceto the condition of the bwer lakes and Murray moutlestimated endof-system flows in 2030
assuming current development are an increase of 20% in the wet scenario but a decrease of 69% in the dry
scenario(CSIRO 2008aLrosbie et al(2010)used the SY scenariosgonulatechanges to groundwater
recharge in the Basiandfound thatrecharge changes were more biased to incre@denger increases and
weaker decreaseghan the surface water changedlore detailed hydrological impact information for these
two scenarios may be found SIR@2008b)and Chiew et al(2008b)

Percent change in annual runoff

Median
% W W 10 & 5§ 0 @ W ®

Figure 11 Median, Dry and Wet scenarios from Sof percentage runoff change 2030 annualgridded datgtop left),
annual subcatchmeaveragdtop right),summergridded datak{ottom left),winter gridded datgbottom right) Source:
reproduced fronChiew et al(2008b)
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