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Executive summary  

This report summarises the statistically downscaled projections produced for South Australian 
stations, on a natural resource management (NRM) region basis, by Task 3 of the Goyder Institute of 
²ŀǘŜǊ wŜǎŜŀǊŎƘ tǊƻƧŜŎǘ ΨDevelopment of an agreed set of climate projections for South AustraliaΩ. 
There are eight NRM regions across South Australia: (1) Adelaide and Mt Lofty Ranges; (2) Alinytjara 
Wilurara; (3) Eyre Peninsula; (4) Kangaroo Island; (5) Northern and Yorke; (6) SA Arid Lands; (7) SA 
Murray-Darling Basin; and (8) South East. Statistical downscaling models have been calibrated on a 
seasonal basis to each NRM region individually, with the exception of the Alinytjara Wilurara NRM as 
there is a lack of stations with sufficient data in this region. The seasonal partitioning used is summer 
as December-January-February (DJF), autumn as March-April-May (MAM), winter as June-July-
August (JJA), and spring as September-October-November (SON).  

Downscaled climate change projections are derived from statistical downscaling models. These were 
calibrated to observed rainfall stations with regional-scale climate forcing, as simulated by global 
climate models (GCMs) from the Intergovernmental Panel on Climate Change (IPCC) Fifth 
Assessment Report (AR5). These GCMs encompass the international scientific ŎƻƳƳǳƴƛǘȅΩǎ most up 
to date understanding of the climate system and its response to projected future greenhouse gas 
and aerosol concentration pathways, as defined by Representative Concentration Pathways (RCPs). 
A range of scenarios is represented here by using GCM output following an intermediate (RCP4.5) 
and a high-emission (RCP8.5) RCP.  

These projections are summarised, by NRM region and season, for 20-year future time periods, with 
the projected changes shown relative to a recent 20-year period (1986-2005). The changes are 
shown for 20-year periods centred on 2030 (2020-2039), 2050 (2040-2059), 2070 (2060-2079) and 
2090 (2080-2099). In addition to tables and figures summarising the projected changes, the daily 
time series of simulated weather variables (daily rainfall, maximum and minimum temperatures, 
solar radiation, vapour pressure deficit (VPD), and areal potential evapotranspiration (APET)) are 
also available for impacts modelling and adaptation planning. One hundred downscaled replicates 
for each of fifteen GCMs are available spanning the period 1962-2005 for historical climate and 2006 
to 2100 for projected future climate following RCP4.5 and 8.5.  

There are several sources of uncertainty inherent in the downscaled projections, resulting in a 
spread of possible future climate for the variables investigated. There is uncertainty as to the range 
of future emissions which we assess by using an intermediate (RCP4.5) and high end (RCP8.5) 
pathwayΦ ¢ƘŜǊŜ ƛǎ ǳƴŎŜǊǘŀƛƴǘȅ ŘǳŜ ǘƻ ŘƛŦŦŜǊŜƴǘ D/aΩǎ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ŘƛŦŦŜǊƛƴƎ concentration 
pathways, which we assess by using 15 GCMs and also comparing a subset of six better performing 
GCMs to a subset six poorer performing GCMs (these subsets were determined in terms of the 
D/aΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜǇǊƻŘǳŎŜ ǘƘŜ large scale drivers important for South Australian climate variability, 
as evaluated by Task 2). There is also uncertainty due to natural variability, as we cannot predict the 
pathway ƻŦ ƴŀǘǳǊŀƭ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǘƘŜ ŦǳǘǳǊŜ όŜΦƎΦ ǿŜ ŎŀƴΩǘ ƪƴƻǿ ǿƘƛŎƘ ȅŜŀǊǎ ǿƛƭƭ ōŜ 9ƭ bƛño, or La 
Niña, or neutral years). However, we can assess a range of natural variability as produced by the 
different GCMs. Further, the stochastic nature of the downscaling model allows for a range of local 
responses to be simulated for a given forcing climate simulation (i.e. the 100 replicates generated 
for each GCM and RCP combination). We do not assign confidence ratings to the projected future 
changes however, robust projected changes are evident in the results.  

An overall pattern emerges of a warmer and drier South Australia as the century progresses. The 
mean precipitation projections for all NRM regions are for progressively drier conditions, with the 
strongest relative decreases in spring for RCP8.5. By the end of the century there is a large difference 



 

 

in the magnitude of precipitation declines projected by the two pathways, with the declines from 
RCP8.5 approximately twice those from RCP4.5 (for the majority of regions and seasons). This 
highlights the benefits that South Australia would realise from global emissions reduction.  

Both maximum and minimum temperatures are projected to increase, again for all regions and all 
seasons. There are larger projected temperature increases for the inland and northerly NRMs 
relative to the coastal regions. Also, maximum temperature is projected to increase more than 
minimum temperature for all regions and seasons. Solar radiation and VPD are also projected to 
increase, concurrent with the reduced precipitation projections (i.e. less rainfall means less clouds 
and so a clearer and drier atmosphere, hence increased solar radiation and VPD). Together these 
changes result in increased calculated APET estimates for all regions and seasons. Again, there is an 
approximate factor of two between the end of century changes in APET from RCP8.5 and RCP4.5 
that, together with the projected precipitation decreases, will increase the likelihood of further 
stressed hydrological systems throughout South Australia.  

These projections are from only one statistical downscaling technique, and so should not be 
interpreted in isolation of other sources of climate change information relevant to South Australia. 
The CSIRO and Bureau of Meteorology have updated their Australia-wide climate change 
projections, on a clustered NRM region basis, and whilst not at the station scale the results from this 
initiative should be used in conjunction with the results and data provided herein. Other possible 
sources of projection information and data, of potential relevance to South Australian natural 
resource managers, are also listed in an appendix.  

 



 

 

1 Statistically downscaled projections 

1.1 Precipitation downscaling 

The Nonhomogeneous Hidden Markov Model (NHMM) is the statistical downscaling model used for 
precipitation downscaling in this project. Statistical downscaling is a commonly applied technique for 
dealing with the spatial mismatch between the scale of global climate model (GCM) output, i.e. grids 
with length scales on the order of 150 to 250km, and the requirements of researchers and managers 
of systems sensitive to fine scale precipitation variability, e.g. station-scale data for assessing 
hydrological sensitivity to regional precipitation changes (Maraun et al., 2010).   

The NHMM simulates daily precipitation ŀǘ ƳǳƭǘƛǇƭŜ ǎǘŀǘƛƻƴǎ όǘƘŜ ΨǇǊŜŘƛŎǘŀƴŘΩύ, as a function of a 
ŘƛǎŎǊŜǘŜ ǎŜǘ ƻŦ ΨǿŜŀǘƘŜǊ ǎǘŀǘŜǎΩ όǘƘŜ ƘƛŘŘŜƴ ǎǘŀǘŜǎ ƻŦ ǘƘŜ model) representing spatial patterns of 
rainfall across the station network. The simulated sequences of (daily) weather states are influenced 
by atmospheric ΨpredictorsΩ. These predictors act to modify the probabilities for the state to state 
transitions (Charles et al., 1999a; Kirshner, 2005). The NHMM has been successfully applied in 
various studies across southern Australia, particularly for hydrological impact research (Charles et 
al., 2007; Frost et al., 2011; Fu et al., 2013).  

The NHMMs were calibrated to the rainfall stations selected for each NRM region (Figure 1.1). The 
station networks were determined by assessing all available stations within a NRM region for length 
ƻŦ ǊŜŎƻǊŘ ŀƴŘ ƭŀŎƪ ƻŦ ƳƛǎǎƛƴƎ ŘŀǘŀΣ ƛƴŎƭǳŘƛƴƎ ǘŜǎǘǎ ŦƻǊ ΨǳƴǘŀƎƎŜŘ ŀŎŎǳƳǳƭŀǘƛƻƴǎΩ (Viney and Bates, 
2004). The rainfall data used was obtained from the SILO Patched Point Data (PPD), which is Bureau 
of Meteorology station data with missing data infilled via interpolation (Jeffrey et al., 2001), with 
daily recorded totals of less than 1 mm set to zero prior to NHMM calibration.  

The atmospheric predictors for NHMM calibration were derived from variables extracted from the 
NCEP/NCAR Reanalysis 1 (NNR) (Kalnay et al., 1996) for the South Australian region. This reanalysis 
product was selected as it is up to date and readily available, as it has been processed and archived 
locally (i.e. by CSIRO - Mark Collier, CSIRO, pers. comm.). Mean Sea Level Pressure (MSLP), and at the 
850, 700 and 500 hPa levels the wind components (U-wind, i.e. east-west wind speed; and V-wind, 
i.e. north-south wind speed), air temperature and specific humidity were extracted on the grid 
shown in Figure 1.2. 

  



 

 

 

Figure 1.1 South Australian NRM regions 

 

 

Figure 1.2. Grid of NNR variables extracted over the South Australian region. The grid is 2.5° by 2.5.  

 



 

 

Calibration of seasonal NHMMs involved the following steps: 

1. Calibration of HMMs (i.e. a rainfall-only model without atmospheric predictor conditioning) 

with differing number of weather states (e.g. sequentially calibrating for 2, then 3, and so on 

up to 8 states) to determine optimum number of states for each season, based on 

assessment of model fit (parsimony) using the Bayesian information criterion (BIC) (Schwarz, 

1978).  

2. Extract gridded daily atmospheric variables from the NNR archive for the region shown in 

Figure 1.2 for the variables mean sea-level pressure (MSLP), and for the 850, 700 and 500 

hPa levels temperature, specific humidity, U-wind (easterly wind speed) and V-wind 

(northerly wind speed). Calculate dewpoint temperature depression (DTD) from the 

temperature and specific humidity variables.  

3. On a seasonal basis, correlate the daily time-series of each variable, at each grid-point in 

Figure 1.2, with the daily precipitation series for each station, averaging over stations. This 

identifies the sub-region for which each variable has the highest correlation with 

precipitation for the particular station network. These are the candidate predictors for 

NHMM calibration. Additionally, for MSLP, each north-south and east-west difference for 

adjacent grid-points is also calculated and candidate predictors selected for the sub-regions 

of their highest correlation with precipitation. Thus twelve candidate predictor series are 

produced for each season: (1) MSLP, (2) east-west MSLP, (3) north-south MSLP, (4) DTD atat 

500 hPa, (5) DTD at 700 hPa, (6) DTD at 850 hPa, (7) U-wind at 500 hPa, (8) U-wind at 700 

hPa, (9) U-wind at 850 hPa, (10) V-wind at 500 hPa, (11) V-wind at 700 hPa, and (12) V-wind 

at 850 hPa. 

4. Seasonal NHMMs are calibrated using all combinations of four predictors from the twelve 

candidates, with a constraint that at least one of the four is a SLP predictor (i.e. predictor 1, 

2 or 3 above) and one is a DTD predictor. This constraint is based on previous experience 

identifying the importance of surface circulation (i.e. SLP) and atmospheric moisture (i.e. 

DTD) for providing realistic projections (Charles et al., 1999b). This resulted in 258 NHMM 

calibrations per season. The calibration period is 1981 to 2010 (30 years) with 1961 to 1980 

(20 years) used as a validation period.  

5. The calibrated NHMMs were assessed using three criteria: (1) BIC (as a measure of 

parameter parsimony) for the calibration period, and for both the calibration and validation 

periods (2) mean bias calculated for each year and station and then averaged, and (3) 

interannual correlation calculated for each station and then averaged. The NHMMs are 

ranked according to best overall performance across these criteria. 

6. NHMMs are selected based on the ranked performance whilst also attempting to use similar 

predictor combinations between seasons and NRM regions to minimise spurious 

discontinuities across seasons and regions. This selection has a degree of subjectivity given 

similarly high-ranked NHMMs produce similar performance from quite different 

combinations of predictors (i.e. the problem of equifinality).  

The selected NHMMs are used to produce projections of plausible future station precipitation for 
the 21st century when driven by atmospheric predictors from the GCMs outlined in Section 1.3. It is 
important to emphasise that projections are not predictions, as outlined in Section 1.3.  



 

 

1.2 Non-precipitation downscaling 

Subsequent to the selection of the NHMMs for multi-site daily rainfall simulation (i.e. selecting the 
optimum number of states and atmospheric predictor combinations for each NRM region and 
season), a weather generator using a modified WGEN-type (Richardson, 1981) approach was 
developed and applied for the non-rainfall variables using the following procedures. 

Calibration: 

1. Extract the PPD daily series for all stations for the variables: maximum temperature  (Tmax, 

°C), minimum temperature (Tmin, °C), solar radiation (Radn, MJ/m2) and vapour pressure 

(VP, hPa). 

2. Convert the Tmax and Tmin to daily mean (Tmean) and range (Trange) values. 

3. Calculate vapour pressure deficit (VPD) from VP and saturation VP at Tmean. 

4. Produce a residual series for Tmean, Trange, Radn and VPD by subtracting monthly mean 

and dividing by monthly standard deviation, on a wet-day and dry-day basis. 

5. Normalise the Tmean, Trange and VPD residual series using a Box-Cox transform calculated 

on a wet/dry-day basis for each month. 

6. Fit beta distributions to the Radn residual series for each month, on a wet-day and dry-day 

basis. 

7. Calculate covariance matrix of the normalised residual series across all stations and variables 

for each month. 

8. Calculate lag-1 autocorrelation of the normalised residual series across all stations and 

variables. 

Simulation: 

1. Generate daily synthetic residual series, using the calculated covariance and autocorrelation 

matrices to maintain the calibrated inter-station and inter-variable relationships using a 

method based on Matalas (1967) as originally implemented by Richardson (1981). 

2. Back-transform each residual series (i.e. for each station and variable) using the calibrated 

Box-Cox parameters for Tmean, Trange and VPD and beta distribution parameters for Radn 

for the approriate month and wet/dry-day status of each station and day. 

3. Convert Tmean and Trange back to Tmax and Tmin 

4. For historical simulations, add the monthly anomalies calculated from the PPD series. 

5. For climate change projections, add the monthly trends calculated from the GCM data 

(interpolated to each station) for each variable. 

6. Areal potential evaporation (APET) estimates are calculated from the variables using the 

method of Morton (McMahon et al., 2013) (Seth Westra, University of Adelaide, pers. 

comm., 2013).  

1.3 Global Climate Model Projections 

GCMs are the most sophisticated tools available to determine how the climate may plausibly change 
in response to increased atmospheric concentrations of greenhouse gases and changes in aerosol 
loads. They are complex computer models of the earth-climate system using physically-based 
algorithms to simulate the interrelationships between matter and energy. The simulations produced 
by GCMs, when forced by inputs representing plausible future greenhouse gas concentrations and 



 

 

aerosols over time, are projections. Thus a climate projection is a climate simulation that extends 
into the future based on a hypothetical but plausible scenario of future external forcing. A projection 
is distinguished from a prediction because the forcing scenario is based on assumptions concerning 
future socioeconomic and technological developments which are irreducibly uncertain (IPCC, 2013).  

Fifteen GCMs from the Coupled Model Intercomparison Project Phase 5 (CMIP5) (Taylor et al., 2012) 
were chosen on the basis that they had all the variables available to produce the atmospheric 
predictors required for input to the calibrated NHMMs. These CMIP5 GCMs were used in the most 
recent IPCC AR5 report (IPCC, 2013). Their names and host institutions are listed in Table 1.1. The 
CMIP5 GCM simulations were forced by plausible scenarios of greenhouse gas concentrations and 
aerosols throughout the 21st century, referred to as Representative Concentration Pathways (RCPs) 
(Van Vuuren et al., 2011). In order to assess a range of plausible changes, this project has used 
projections for RCP4.5, an intermediate-concentration pathway similar to the B1 scenario, and 
RCP8.5, a high-concentration pathway similar to the A1F1 scenario in the previous IPCC AR4. The 
RCP numbers refer to the approximate enhanced radiative forcing levels by 2100, i.e. an additional 
4.5 W/m2 and 8.5 W/m2 of radiative forcing, respectively, corresponding to CO2 levels of 
approximately550 ppm and 940 ppm by 2100. Global warming simulated for RCP4.5 and RCP8.5 
does not diverge significantly until after 2050 (Knutti and Sedlacek, 2013). Each GCM-derived daily 
predictor time series was bias corrected, on a monthly basis, so that the GCM predictor means and 
standard deviations for the NHMM calibration period match those of the NNR predictors.  

Given the use of common code between the CMIP5 GCMs and the co-development in their lineage, 
they cannot be considered as independent of one another. This model interdependence is an often 
overlooked issue that complicates interpretation of multi-model ensembles (Knutti et al., 2013). 
Acknowledging this limitation, there is still a desire to compare projections from GCMs assessed as 
better performing, in terms of their ability to simulate the large-scale processes of relevance to 
South Australian climate drivers. The research undertaken in Task 2 assessed a set of CMIP5 GCMs 
that included 12 of the 15 GCMs available for downscaling. Based on this assessment it was possible 
to classify the 12 into a subset of six better and six poorer performing GCMs, based on their ability to 
reproduce drivers. These subsets are identified in Table 1.1. Details of the GCM assessment are 
summarised in the Task 2 section of the Final Report and the cited papers (Cai et al., 2014a; Cai et 
al., 2014b).  



 

 

Table 1.1 Coupled Model Intercomparison Project Phase 5 (CMIP5) global climate models and institutions.  

GLOBAL CLIMATE MODEL INSTITUTION INSTITUTION ID 

ACCESS1.0
*
 

ACCESS1.3
*
 

Commonwealth Scientific and Industrial Research Organization 
(CSIRO) and Bureau of Meteorology (BOM), Australia 

CSIRO-BOM 

BCC-CSM1.1(m) Beijing Climate Center, China Meteorological Administration, 
China  

BCC  

CanESM2
#
 Canadian Centre for Climate Modelling and Analysis, Canada  CCCMA  

CNRM-CM5
#
 Centre National de Recherches Meteorologiques / Centre 

Europeen de Recherche et Formation Avancees en Calcul 
Scientifique, France  

CNRM-CERFACS  

CSIRO-Mk3.6.0
*
 Commonwealth Scientific and Industrial Research Organisation in 

collaboration with Queensland Climate Change Centre of 
Excellence, Australia  

CSIRO-QCCCE  

GFDL-ESM2G 

GFDL-ESM2M
#
 

NOAA Geophysical Fluid Dynamics Laboratory, USA NOAA GFDL 

INM-CM4
*
 Institute of Numerical Mathematics, Russia INM 

IPSL-CM5A-LR 
*
 

IPSL-CM5B-LR
#
 

Institut Pierre-Simon Laplace, France IPSL 

MIROC-ESM
*
 

 

Japan Agency for Marine-Earth Science and Technology, 
Atmosphere and Ocean Research Institute (The University of 
Tokyo), and National Institute for Environmental Studies, Japan 

MIROC 

MIROC5
#
 Atmosphere and Ocean Research Institute (The University of 

Tokyo), National Institute for Environmental Studies, and Japan 
Agency for Marine-Earth Science and Technology, Japan 

MIROC 

MRI-CGCM3
#
 Meteorological Research Institute, Japan MRI 

NorESM1-M Norwegian Climate Centre, Norway  NCC  

# = ensemble of six better performing GCMs 
* = ensemble of six poorer performing GCMs 

 



 

 

2 Projections for Adelaide and Mount Lofty 
Ranges 

2.1 Overview 

The Adelaide and Mount Lofty Ranges (AMLR) is the NRM region with the most complex landscape 
and greatest biological diversity in South Australia. The region has a land area of approximately 
6,600 km2 encompassing suburban Adelaide and the western side of the Mount Lofty Ranges from 
Mallala and the Barossa in the north, to the Fleurieu Peninsula in the south (AMLRNRMB, 2013).  

Twenty seven weather stations were selected for the statistical downscaling model calibration. Their 
mean rainfall characteristics are summarised in Table 2.1, in terms of seasonal mean number of wet-
days and rainfall totals for the 1986 to 2005 baseline period (representing current climate, this is the 
period that the projections are compared to in later results). Annual rainfall totals vary across 
stations by a factor of three, ranging from approximately 340 mm (Port Parham, in the coastal 
northwest of the region) to 1070 mm (Aldgate, in the central Mount Lofty Ranges).  

The selected downscaling models, for the four seasons, are summarised in Table 2.2. In each season 

the four selected predictors include at least one of ŜƛǘƘŜǊ ǘƘŜ ΨŜŀǎǘ Ƴƛƴǳǎ ǿŜǎǘΩ ƻǊ ǘƘŜ ΨƴƻǊǘƘ Ƴƛƴǳǎ 

ǎƻǳǘƘΩ {[t ŘƛŦŦŜǊŜƴŎŜ over the region, or both. The DTD over the region at the 850 hPa level is also 

selected in each season, as is the northerly component of wind speed (V-wind) at the 700 hPa level. 

For the summer and autumn seasons, respectively, the V-wind at the 500 and 850 hPa levels are 

additional predictors. The seasonal mean rainfall characteristics, associated with each NHMM 

weather state for the 1986 to 2005 baseline period, are presented in Appendix A, Table A.1 to Table 

A.4.  

  



 

 

Table 2.1 Adelaide and Mount Lofty Ranges NRM Climate Stations for NHMM-Downscaling. For each 
stationΩǎ seasonal rainfall measure, the 1986-2005 mean value is shown in the first row and the proportion 
of the annual total in the second row.  

BoM ID Name Latitude Longitude Rain days (# days) Rain amount (mm) 

  (°S) (°E) DJF MAM JJA SON DJF MAM JJA SON 

23013 
PARAFIELD 
AIRPORT 34.80 138.63 

9 

0.12 

15 

0.20 

32 

0.42 

20 

0.26 

62 

0.14 

86 

0.19 

181 

0.40 

121 

0.27 

23034 
ADELAIDE 
AIRPORT 34.95 138.52 

9 

0.12 

15 

0.19 

33 

0.43 

20 

0.26 

60 

0.14 

89 

0.20 

177 

0.40 

117 

0.26 

23076 PORT PARHAM 34.43 138.29 

8 

0.12 

13 

0.20 

28 

0.42 

17 

0.26 

55 

0.16 

64 

0.19 

125 

0.37 

95 

0.28 

23079 

ADELAIDE (DRY 
CREEK 
SALTWORKS) 34.83 138.58 

9 

0.12 

15 

0.19 

33 

0.43 

20 

0.26 

59 

0.14 

82 

0.19 

171 

0.40 

111 

0.26 

23083 
EDINBURGH 
RAAF 34.70 138.62 

8 

0.11 

13 

0.18 

31 

0.44 

19 

0.27 

57 

0.14 

72 

0.18 

164 

0.40 

112 

0.28 

23090 
ADELAIDE (KENT 
TOWN) 34.92 138.62 

10 

0.12 

16 

0.19 

37 

0.44 

22 

0.26 

65 

0.12 

110 

0.20 

232 

0.42 

144 

0.26 

23096 

ADELAIDE (HOPE 
VALLEY 
RESERVOIR) 34.86 138.68 

11 

0.12 

17 

0.19 

38 

0.42 

24 

0.27 

71 

0.12 

113 

0.19 

253 

0.43 

154 

0.26 

23343 

ROSEDALE 
(TURRETFIELD 
RESEARCH 
CENTRE) 34.55 138.83 

10 

0.12 

15 

0.19 

33 

0.41 

22 

0.28 

61 

0.13 

84 

0.18 

184 

0.39 

145 

0.31 

23356 
HAMLEY BRIDGE 
(LINWOOD) 34.39 138.76 

10 

0.13 

13 

0.17 

32 

0.42 

21 

0.28 

64 

0.14 

78 

0.17 

173 

0.38 

137 

0.30 

23360 ST KITTS 34.33 139.09 

9 

0.13 

12 

0.17 

29 

0.42 

19 

0.28 

80 

0.17 

81 

0.17 

180 

0.38 

138 

0.29 

23361 
KAPUNDA 
(HAMILTON) 34.22 138.88 

11 

0.12 

16 

0.18 

36 

0.41 

25 

0.28 

77 

0.14 

95 

0.17 

217 

0.39 

167 

0.30 

23709 
CHERRY 
GARDENS 35.06 138.66 

14 

0.12 

22 

0.19 

46 

0.41 

31 

0.27 

91 

0.10 

184 

0.20 

399 

0.44 

229 

0.25 

23721 
HAPPY VALLEY 
RESERVOIR 35.06 138.56 

12 

0.12 

20 

0.20 

41 

0.41 

27 

0.27 

75 

0.11 

143 

0.21 

292 

0.43 

163 

0.24 

23727 LONGWOOD 35.05 138.73 

14 

0.12 

23 

0.20 

46 

0.41 

30 

0.27 

97 

0.10 

190 

0.19 

441 

0.45 

251 

0.26 



 

 

23731 
CUDLEE CREEK 
(MILLBROOK) 34.83 138.82 

12 

0.12 

19 

0.19 

42 

0.42 

27 

0.27 

86 

0.10 

150 

0.18 

387 

0.46 

219 

0.26 

23734 
MOUNT BOLD 
RESERVOIR 35.12 138.68 

13 

0.12 

22 

0.20 

45 

0.41 

29 

0.27 

82 

0.10 

166 

0.21 

353 

0.44 

200 

0.25 

23741 NORMANVILLE 35.45 138.32 

9 

0.10 

17 

0.19 

41 

0.45 

24 

0.26 

54 

0.10 

102 

0.20 

235 

0.45 

126 

0.24 

23743 

VICTOR HARBOR 
(RIVINGTON 
GRANGE) 35.54 138.50 

14 

0.13 

23 

0.21 

44 

0.41 

27 

0.25 

74 

0.11 

133 

0.20 

296 

0.45 

160 

0.24 

23756 
WILLIAMSTOWN 
(GLEN GILLIAN) 34.66 138.93 

10 

0.11 

17 

0.18 

40 

0.43 

26 

0.28 

75 

0.11 

120 

0.17 

318 

0.45 

190 

0.27 

23758 
KERSBROOK 
(MABENJO) 34.74 138.87 

10 

0.11 

16 

0.17 

40 

0.43 

26 

0.28 

79 

0.10 

127 

0.17 

345 

0.46 

203 

0.27 

23761 
PARAWA 
(SHARON) 35.56 138.34 

15 

0.12 

27 

0.22 

50 

0.41 

30 

0.25 

93 

0.10 

186 

0.20 

424 

0.46 

214 

0.23 

23783 
MYPONGA 
RESERVOIR 35.40 138.43 

12 

0.11 

21 

0.20 

45 

0.43 

27 

0.26 

71 

0.10 

143 

0.20 

318 

0.45 

169 

0.24 

23806 
HERMITAGE 
UPPER 34.79 138.76 

10 

0.11 

16 

0.18 

39 

0.44 

24 

0.27 

70 

0.11 

117 

0.18 

292 

0.45 

170 

0.26 

23817 ALDGATE 35.02 138.73 

15 

0.13 

23 

0.20 

47 

0.41 

31 

0.27 

106 

0.10 

207 

0.19 

487 

0.45 

273 

0.25 

23820 

WILLIAMSTOWN 
(SOUTH PARA 
RESERVOIR) 34.68 138.86 

10 

0.11 

16 

0.18 

40 

0.44 

25 

0.27 

77 

0.11 

119 

0.17 

302 

0.44 

186 

0.27 

23823 

HINDMARSH 
VALLEY 
(FERNBROOK) 35.41 138.58 

14 

0.12 

25 

0.22 

47 

0.41 

30 

0.26 

86 

0.10 

180 

0.21 

394 

0.45 

208 

0.24 

23824 

HINDMARSH 
VALLEY 
(SPRINGMOUNT) 35.44 138.54 

15 

0.12 

25 

0.21 

49 

0.41 

31 

0.26 

94 

0.10 

192 

0.21 

427 

0.46 

217 

0.23 

 



 

 

 

Figure 2.1 Location of AMLR stations in Table 2.1 and NRM region boundary 

 

Table 2.2 Selected NHMMs (number of weather states and predictor combinations) for AMLR 

DJF MAM JJA SON 

4 states 5 states 5 States 5 States 

East ς West SLP 

DTD at 850 hPa 

V-wind at 500 hPa 

V-wind at 700 hPa 

North ς South SLP 

DTD at 850 hPa 

V-wind at 700 hPa 

V-wind at 850 hPa 

East ς West SLP 

North ς South SLP 

DTD at 850 hPa 

V-wind at 700 hPa 

East ς West SLP 

North ς South SLP 

DTD at 850 hPa 

V-wind at 700 hPa 

 

 



 

 

2.2 Precipitation 

The mean and median projected changes obtained from statistically downscaling the 15 GCMs 
indicate future precipitation declines for all seasons under both RCPs,  whereas the ranges (10th to 
90th percentiles) indicate the possibility of increases for some seasons and periods (Table 2.3). Time-
series plots of the downscaled seasonal means and ranges for RCP4.5 (Figure 2.2) and RCP8.5 (Figure 
2.3) highlight the trends and the variance of the projected precipitation changes. These plots show 
the downscaled median and 10th to 90th percentile ranges from the 15 GCMs, for both 20-year 
running means and annual means (i.e. year-to-year variability), as anomalies relative to the 1962 to 
2005 historical period of the plots.  

By the end of the century, the mean seasonal changes projected for RCP8.5 are about a factor of two 
greater than those of RCP4.5 (Table 2.3). The relative changes projected for spring are the largest, up 
to a mean decline of 31.7% by 2090 for RCP8.5 (Table 2.3). By the end of the century following 
RCP4.5, all seasons can still have wet years above the baseline mean whereas for RCP8.5 only 
summer, autumn and winter can still have wet years, as all spring simulations are below the baseline 
mean (Figure 2.4).   

Comparison between the downscaled and the GCM grid-scale precipitation changes shows the 
downscaled projections have a narrower range than the projections at the GCM-grid scale, thus 
there are no cases of the downscaled projections being outside the range of the direct GCM 
projections (Figure 2.4). Comparisons between downscaled projections from subsets of six GCMs 
selected as better and poorer performers are presented in Table 2.3 and Figure 2.5 (based on the 
GCM assessment undertaken, see Task 2 section of the Final Report, Cai et al. (2014a) and Cai et al. 
(2014b) for more details). A consistent pattern emerges of smaller median declines when 
downscaling from the better GCMs, relative to the poorer GCMs.   

The mean, median and range of changes presented in Table 2.3 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.1 for RCP4.5 and Table B.2 for RCP8.5.  



 

 

Table 2.3 Adelaide and Mount Lofty Ranges NRM downscaled projected changes in seasonal precipitation (% 
change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ 
GCMs.  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean -7.5 -4.9 -12.2 -4.4 2.7 -9.9 

  Median -6.9 -1.6 -13.0 -6.6 2.9 -11.4 

  10
th

 -19.3 -20.7 -19.1 -12.6 -5.1 -12.5 

  90
th

 3.0 7.7 -4.4 7.6 10.4 -5.8 

2030 MAM Mean -3.8 -3.3 -3.4 -4.7 -4.3 -6.2 

  Median -3.8 -2.2 -4.4 -4.1 -4.2 -3.3 

  10
th

 -12.3 -10.4 -16.1 -16.6 -10.9 -17.9 

  90
th

 5.9 2.7 10.3 3.2 2.3 2.5 

2030 JJA Mean -2.7 -0.8 -4.9 -5.1 -5.0 -4.6 

  Median -3.0 0.5 -4.7 -4.8 -4.4 -4.7 

  10
th

 -9.5 -7.0 -9.3 -10.6 -9.2 -8.5 

  90
th

 3.1 4.1 -0.9 -1.1 -1.6 -0.7 

2030 SON Mean -8.8 -13.4 -7.5 -12.1 -10.7 -14.1 

  Median -9.3 -12.2 -9.2 -12.5 -10.8 -14.5 

  10
th

 -16.9 -18.8 -14.5 -19.2 -17.1 -19.2 

  90
th

 0.8 -9.3 1.2 -5.1 -4.2 -8.6 

2030 Annual Mean -5.0 -4.9 -6.1 -6.6 -5.4 -7.9 

  Median -4.4 -4.7 -6.4 -5.8 -4.8 -6.3 

  10
th

 -10.4 -8.9 -11.3 -11.3 -7.9 -12.2 

  90
th

 -0.2 -1.0 -0.6 -3.3 -3.4 -5.2 

2050 DJF Mean -6.6 -2.9 -11.4 -10.8 -6.5 -14.1 

  Median -4.5 -3.0 -6.6 -10.1 -9.6 -13.2 

  10
th

 -20.5 -10.4 -28.3 -22.8 -17.6 -22.7 

  90
th

 4.8 4.6 0.8 -5.7 7.8 -6.4 

2050 MAM Mean -3.9 -3.0 -3.2 -6.0 -3.9 -6.7 

  Median -7.1 -4.4 -6.5 -9.6 -3.5 -7.5 

  10
th

 -11.2 -10.5 -14.3 -16.6 -13.1 -23.0 

  90
th

 9.3 6.0 11.3 5.4 4.9 10.3 

2050 JJA Mean -5.3 -4.9 -5.1 -6.3 -5.0 -5.3 

  Median -6.0 -4.3 -6.2 -5.1 -4.9 -4.9 

  10
th

 -12.0 -9.6 -9.5 -13.9 -9.4 -11.5 

  90
th

 1.2 -0.9 0.4 -0.2 -0.6 0.6 

2050 SON Mean -12.9 -13.6 -15.6 -17.1 -19.6 -18.4 

  Median -10.9 -11.9 -15.0 -16.6 -21.0 -17.6 

  10
th

 -21.7 -20.4 -21.9 -28.5 -29.3 -28.3 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 -6.6 -8.5 -10.0 -7.5 -8.6 -9.4 

2050 Annual Mean -6.9 -6.3 -7.9 -9.4 -8.4 -9.8 

  Median -7.4 -6.8 -9.2 -8.0 -7.4 -8.3 

  10
th

 -10.7 -8.8 -12.5 -14.4 -14.0 -16.3 

  90
th

 -0.9 -3.5 -2.0 -4.6 -4.0 -4.9 

2070 DJF Mean -9.0 -3.0 -14.8 -13.8 -8.3 -20.1 

  Median -12.4 -9.6 -14.9 -14.0 -7.5 -22.1 

  10
th

 -18.1 -13.8 -21.1 -26.8 -19.2 -32.6 

  90
th

 4.9 14.3 -8.4 -0.9 1.7 -5.5 

2070 MAM Mean -7.3 -6.2 -7.9 -14.6 -11.9 -16.9 

  Median -7.5 -3.2 -9.3 -12.8 -11.6 -19.8 

  10
th

 -16.7 -16.3 -20.3 -28.7 -19.2 -30.1 

  90
th

 3.9 0.9 5.7 -0.6 -4.9 -0.8 

2070 JJA Mean -6.0 -4.7 -6.4 -11.2 -9.2 -12.6 

  Median -7.1 -6.0 -7.3 -9.7 -7.6 -14.1 

  10
th

 -13.6 -9.1 -15.2 -20.8 -15.5 -20.5 

  90
th

 3.6 1.0 3.4 -2.6 -4.6 -3.1 

2070 SON Mean -16.7 -17.0 -19.3 -24.4 -25.2 -27.9 

  Median -14.7 -16.4 -21.3 -22.2 -20.6 -25.0 

  10
th

 -26.4 -26.0 -25.6 -38.6 -39.7 -38.1 

  90
th

 -9.0 -8.6 -10.9 -13.4 -15.4 -20.6 

2070 Annual Mean -9.2 -7.8 -10.8 -15.4 -13.6 -18.1 

  Median -9.7 -5.7 -10.1 -15.0 -11.0 -17.1 

  10
th

 -13.1 -12.9 -16.7 -23.8 -21.0 -25.6 

  90
th

 -3.5 -4.7 -5.6 -8.5 -8.7 -11.7 

2090 DJF Mean -9.4 -2.1 -16.6 -19.9 -13.6 -29.0 

  Median -8.8 -0.8 -15.5 -20.7 -17.4 -26.5 

  10
th

 -22.7 -10.9 -27.0 -33.0 -26.1 -40.8 

  90
th

 1.7 5.5 -7.4 -6.6 2.8 -19.7 

2090 MAM Mean -7.7 -6.5 -9.9 -17.9 -14.2 -25.8 

  Median -7.7 -9.3 -8.2 -13.5 -11.8 -25.7 

  10
th

 -14.8 -11.7 -18.1 -34.6 -25.8 -44.3 

  90
th

 -0.7 1.4 -3.5 -2.7 -5.0 -7.4 

2090 JJA Mean -5.7 -4.2 -6.5 -15.6 -11.8 -20.7 

  Median -6.6 -5.2 -6.5 -15.7 -11.9 -21.8 

  10
th

 -10.9 -9.2 -13.9 -27.3 -18.5 -30.2 

  90
th

 2.4 1.7 0.9 -6.9 -4.9 -10.2 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean -17.8 -17.6 -20.5 -31.7 -31.9 -38.9 

  Median -16.3 -15.3 -23.0 -29.6 -27.4 -37.7 

  10
th

 -24.4 -25.1 -24.4 -49.8 -44.9 -51.4 

  90
th

 -11.5 -12.6 -14.3 -21.4 -23.3 -27.7 

2090 Annual Mean -9.5 -7.8 -11.8 -20.5 -17.4 -27.2 

  Median -8.1 -7.7 -10.3 -22.9 -15.6 -27.1 

  10
th

 -13.6 -10.7 -17.0 -29.7 -25.3 -36.0 

  90
th

 -6.7 -5.0 -8.2 -10.3 -11.2 -18.5 

 

 

 

Figure 2.2 Adelaide and Mount Lofty Ranges NRM projected change in seasonal precipitation for 1961-2100 
as downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period.      

 



 

 

 

Figure 2.3 Adelaide and Mount Lofty Ranges NRM projected change in seasonal precipitation for 1961-2100 
as downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 2.4 Adelaide and Mount Lofty Ranges NRM CMIP5 GCM and NHMM-downscaled projected seasonal 
precipitation changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and 
RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean rainfall (with median indicated 

by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean rainfall.  



 

 

 

Figure 2.5 Adelaide and Mount Lofty Ranges NRM NHMM-downscaled projected seasonal precipitation 
changes from six better (B6GCM) and six poorer (P6GCM) performing CMIP5 GCMs for (a) 2030, (b) 2050, (c) 
2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. The wider bars are the range in 10

th
 to 90

th
 

percentile 20-year mean rainfall (with median indicated by the horizontal line) and the thin bars are the 
range in 10

th
 to 90

th
 percentile yearly mean rainfall. Selection of better and poorer performing GCMs 

according to Cai et al. (2014a) and Cai et al. (2014b).  

2.3 Non-precipitation variables 

Table 2.4 summarises the mean, median and range (10th to 90th percentile) of changes in seasonal 
maximum daily temperature projected from downscaling the set of 15 GCMs for the two RCPs. 
Figure 2.6 (RCP4.5) and Figure 2.7 (RCP8.5) present the corresponding downscaled range in seasonal 
trends, highlighting the projected steady progression of warming. The use of a weather generator 
with stationary parameters and averaging over the 100 stochastic replicates results in similar ranges 
in decadal and interannual variability in these, and later, non-rainfall time-series plots. The high-
concentration RCP8.5 produces in the order of 1.5° more warming by the end of the century than 
the intermediate-concentration RCP4.5, i.e. approximately double. The projected warming in the 
spring (SON) season is about 0.5° more than for the other seasons by the end of the century, 
consistent with this season experiencing relatively larger projected drying than the other seasons.  

Table 2.4 also compares the subsets of six better and poorer GCMs. The ensemble mean and median 
of the six poorer GCMs is consistently higher than that of the six better GCMs, particularly for 
RCP8.5. This suggests using the poorer GCMs for impacts research or natural resource management 
would produce overly pessimistic results.  

Figure 2.8 compares the range of projected changes obtained directly from the GCM-grid scale 
results to those obtained from the downscaling. The median projected changes are quite similar in 
all cases, with the downscaling producing less year to year variability than the GCM direct results.  



 

 

The mean, median and range of changes presented in Table 2.4 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.3 for RCP4.5 and Table B.4 for RCP8.5. 



 

 

Table 2.4 Adelaide and Mount Lofty Ranges NRM downscaled projected changes in seasonal maximum daily 
temperature (°C change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ 
six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 1.0 0.9 1.1 1.2 1.0 1.4 

  Median 0.9 0.9 1.0 1.1 0.9 1.3 

  10
th

 0.6 0.6 0.8 0.6 0.6 1.1 

  90
th

 1.4 1.2 1.6 1.8 1.5 1.9 

2030 MAM Mean 0.8 0.8 0.6 1.0 1.0 1.0 

  Median 0.8 0.8 0.6 1.0 1.0 1.0 

  10
th

 0.5 0.8 0.4 0.7 0.8 0.6 

  90
th

 1.1 0.9 1.0 0.7 1.3 1.5 

2030 JJA Mean 0.8 0.7 0.8 1.0 0.9 1.0 

  Median 0.8 0.8 0.8 0.9 0.9 1.0 

  10
th

 0.4 0.5 0.6 0.7 0.7 0.8 

  90
th

 1.0 0.9 1.0 1.3 1.2 1.3 

2030 SON Mean 1.0 1.1 1.0 1.3 1.3 1.4 

  Median 1.0 1.2 1.0 1.2 1.2 1.5 

  10
th

 0.8 1.0 0.8 0.9 1.0 1.0 

  90
th

 1.3 1.3 1.3 1.7 1.7 1.7 

2030 Annual Mean 0.9 0.9 0.9 1.1 1.1 1.2 

  Median 0.9 0.9 0.9 1.0 1.0 1.3 

  10
th

 0.6 0.7 0.7 0.8 0.9 0.9 

  90
th

 1.2 1.1 1.2 1.6 1.4 1.6 

2050 DJF Mean 1.4 1.3 1.5 1.9 1.7 2.2 

  Median 1.2 1.2 1.3 1.7 1.5 2.0 

  10
th

 1.0 1.0 1.2 1.3 1.3 1.7 

  90
th

 1.9 1.7 2.1 2.7 2.3 3.1 

2050 MAM Mean 1.1 1.2 1.0 1.7 1.7 1.8 

  Median 1.0 1.2 1.0 1.6 1.6 1.8 

  10
th

 0.8 1.0 0.6 1.3 1.3 1.2 

  90
th

 1.6 1.3 1.4 2.4 2.2 2.4 

2050 JJA Mean 1.1 1.1 1.2 1.7 1.6 1.8 

  Median 1.2 1.2 1.3 1.6 1.5 1.8 

  10
th

 0.7 0.9 1.0 1.2 1.3 1.4 

  90
th

 1.4 1.3 1.4 2.2 2.0 2.2 

2050 SON Mean 1.5 1.5 1.6 2.1 2.2 2.3 

  Median 1.5 1.6 1.6 2.0 2.0 2.4 

  10
th

 1.2 1.4 1.3 1.7 1.8 1.7 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 1.7 1.7 1.8 2.8 2.7 2.8 

2050 Annual Mean 1.3 1.3 1.3 1.9 1.8 2.0 

  Median 1.3 1.3 1.3 1.7 1.6 2.0 

  10
th

 0.9 1.1 1.1 1.4 1.5 1.6 

  90
th

 1.6 1.5 1.7 2.5 2.3 2.6 

2070 DJF Mean 1.7 1.5 1.9 2.7 2.4 3.1 

  Median 1.5 1.5 1.7 2.4 2.1 2.6 

  10
th

 1.2 1.2 1.5 2.0 2.0 2.3 

  90
th

 2.1 2.0 2.6 3.9 3.3 4.5 

2070 MAM Mean 1.5 1.5 1.4 2.5 2.5 2.6 

  Median 1.4 1.5 1.3 2.4 2.3 2.6 

  10
th

 1.1 1.3 1.0 2.0 2.1 2.0 

  90
th

 1.9 1.8 1.9 3.2 3.2 3.4 

2070 JJA Mean 1.4 1.3 1.6 2.5 2.3 2.7 

  Median 1.4 1.3 1.6 2.4 2.2 2.7 

  10
th

 1.0 1.1 1.3 1.9 1.9 2.2 

  90
th

 1.9 1.6 1.9 3.2 2.9 3.2 

2070 SON Mean 1.8 1.8 2.0 3.1 3.0 3.3 

  Median 1.9 1.9 2.1 3.0 2.9 3.6 

  10
th

 1.5 1.6 1.7 2.3 2.5 2.5 

  90
th

 2.2 2.1 2.3 4.1 3.7 4.0 

2070 Annual Mean 1.6 1.5 1.7 2.7 2.6 3.0 

  Median 1.6 1.5 1.6 2.4 2.3 2.9 

  10
th

 1.3 1.3 1.5 2.1 2.2 2.3 

  90
th

 1.9 1.8 2.1 3.5 3.3 3.8 

2090 DJF Mean 1.9 1.7 2.2 3.5 3.2 4.1 

  Median 1.8 1.7 2.0 3.0 2.8 3.3 

  10
th

 1.4 1.3 1.6 2.6 2.6 3.0 

  90
th

 2.4 2.2 3.0 5.2 4.3 6.0 

2090 MAM Mean 1.8 1.8 1.8 3.4 3.4 3.7 

  Median 1.6 1.8 1.6 3.3 3.1 3.6 

  10
th

 1.4 1.5 1.3 2.5 2.8 2.9 

  90
th

 2.2 2.2 2.4 4.3 4.3 4.6 

2090 JJA Mean 1.7 1.5 1.9 3.3 3.1 3.7 

  Median 1.6 1.5 1.9 3.3 3.0 3.8 

  10
th

 1.3 1.3 1.6 2.5 2.6 3.1 

  90
th

 2.2 1.8 2.4 4.1 3.9 4.3 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 2.2 2.1 2.4 4.0 4.0 4.5 

  Median 2.1 2.1 2.4 4.0 3.9 4.7 

  10
th

 1.7 1.8 2.1 3.0 3.2 3.2 

  90
th

 2.7 2.5 2.7 5.3 4.9 5.5 

2090 Annual Mean 1.9 1.8 2.1 3.6 3.4 4.0 

  Median 1.9 1.8 2.0 3.3 3.2 3.8 

  10
th

 1.5 1.5 1.8 2.7 2.8 3.1 

  90
th

 2.2 2.2 2.4 4.7 4.3 5.1 

 

 

 

Figure 2.6 Adelaide and Mount Lofty Ranges NRM projected change in seasonal maximum daily temperature 
for 1961-2100 as downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) 
envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 

percentile. Break and colour change between 2005 and 2006 distinguishes historical and future period. 

 



 

 

 

Figure 2.7  Adelaide and Mount Lofty Ranges NRM projected change in seasonal maximum daily 
temperature for 1961-2100 as downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner 
(dark shaded) envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is 

annual 10
th

 to 90
th

 percentile. Break and colour change between 2005 and 2006 distinguishes historical and 
future period. 



 

 

 

Figure 2.8 Adelaide and Mount Lofty Ranges NRM CMIP5 GCM and NHMM-downscaled projected seasonal 
maximum daily temperature changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for 
RCP4.5 and RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean maximum daily 

temperature (with median indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 
percentile yearly mean maximum daily temperature.  

Table 2.5 presents the projected minimum daily temperature changes. Similar to maximum daily 
temperature, the projected RCP8.5 changes are greater than RCP4.5, by over 1° (i.e. double) by the 
end of the century (Figure 2.9 and Figure 2.10). There is some difference when comparing 
downscaled changes from the subset of six better to the six poorer GCMs, the poorer being warmer, 
but the differences are not as large as for maximum temperature. The marked spring warming seen 
in maximum temperature is not repeated in the minimum temperature projections, with autumn 
seeing slightly more warming than the other seasons by the end of the century. Direct GCM changes 
and downscaled changes are similar (Figure 2.11).  

The mean, median and range of changes presented in Table 2.5 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.5 for RCP4.5 and Table B.6 for RCP8.5. 



 

 

Table 2.5 Adelaide and Mount Lofty Ranges NRM downscaled projected changes in seasonal minimum daily 
temperature (°C change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ 
six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 0.8 0.7 0.9 1.0 0.8 1.2 

  Median 0.7 0.7 1.0 0.9 0.7 1.2 

  10
th

 0.4 0.4 0.6 0.5 0.5 0.9 

  90
th

 1.1 1.0 1.2 1.5 1.3 1.6 

2030 MAM Mean 0.8 0.7 0.8 1.0 0.9 1.1 

  Median 0.7 0.8 0.7 0.9 1.0 1.0 

  10
th

 0.4 0.5 0.6 0.7 0.7 0.8 

  90
th

 1.2 0.9 1.2 0.7 1.2 1.4 

2030 JJA Mean 0.6 0.5 0.6 0.7 0.7 0.8 

  Median 0.6 0.6 0.6 0.8 0.7 0.9 

  10
th

 0.3 0.4 0.6 0.5 0.5 0.7 

  90
th

 0.7 0.7 0.7 0.9 0.9 0.9 

2030 SON Mean 0.6 0.6 0.7 0.8 0.8 0.9 

  Median 0.7 0.7 0.7 0.9 0.9 0.9 

  10
th

 0.4 0.5 0.5 0.6 0.7 0.7 

  90
th

 0.8 0.8 0.8 1.0 1.0 1.0 

2030 Annual Mean 0.7 0.6 0.7 0.9 0.8 1.0 

  Median 0.7 0.7 0.7 0.9 0.8 1.0 

  10
th

 0.5 0.5 0.6 0.7 0.6 0.8 

  90
th

 0.9 0.8 0.9 1.2 1.1 1.2 

2050 DJF Mean 1.1 1.0 1.3 1.6 1.4 1.9 

  Median 1.0 0.9 1.3 1.4 1.3 1.9 

  10
th

 0.7 0.7 0.9 1.0 1.0 1.4 

  90
th

 1.6 1.4 1.7 2.5 2.1 2.6 

2050 MAM Mean 1.1 1.0 1.1 1.6 1.6 1.7 

  Median 1.0 1.1 1.1 1.5 1.5 1.7 

  10
th

 0.7 0.8 0.8 1.2 1.2 1.3 

  90
th

 1.4 1.3 1.5 2.2 2.1 2.2 

2050 JJA Mean 0.8 0.7 0.9 1.3 1.2 1.4 

  Median 0.9 0.8 0.9 1.2 1.2 1.5 

  10
th

 0.5 0.6 0.8 0.9 1.0 1.2 

  90
th

 1.0 0.9 1.0 1.6 1.4 1.6 

2050 SON Mean 0.9 1.0 1.0 1.4 1.4 1.5 

  Median 1.0 1.0 1.1 1.4 1.5 1.5 

  10
th

 0.6 0.8 0.7 1.1 1.2 1.2 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 1.2 1.2 1.1 1.7 1.7 1.8 

2050 Annual Mean 1.0 0.9 1.1 1.5 1.4 1.6 

  Median 1.0 1.0 1.1 1.4 1.3 1.6 

  10
th

 0.7 0.7 0.9 1.1 1.2 1.4 

  90
th

 1.2 1.2 1.3 2.0 1.8 2.0 

2070 DJF Mean 1.3 1.3 1.5 2.3 2.2 2.7 

  Median 1.2 1.1 1.7 2.0 1.9 2.7 

  10
th

 0.8 0.9 1.1 1.6 1.7 1.8 

  90
th

 1.9 1.9 1.9 3.5 3.0 3.6 

2070 MAM Mean 1.3 1.3 1.4 2.4 2.4 2.6 

  Median 1.2 1.2 1.5 2.2 2.3 2.6 

  10
th

 0.9 1.0 1.1 1.7 1.7 2.0 

  90
th

 1.7 1.7 1.7 3.2 3.1 3.2 

2070 JJA Mean 1.0 1.0 1.1 1.9 1.8 2.0 

  Median 1.1 1.0 1.2 1.9 1.8 2.1 

  10
th

 0.7 0.7 0.9 1.4 1.5 1.7 

  90
th

 1.3 1.2 1.3 2.2 2.1 2.3 

2070 SON Mean 1.1 1.2 1.2 2.1 2.1 2.2 

  Median 1.2 1.2 1.3 2.0 2.2 2.1 

  10
th

 0.7 1.0 1.0 1.7 1.8 1.8 

  90
th

 1.4 1.5 1.4 2.5 2.4 2.6 

2070 Annual Mean 1.2 1.2 1.3 2.2 2.1 2.4 

  Median 1.2 1.2 1.4 2.0 2.0 2.2 

  10
th

 0.8 0.9 1.1 1.7 1.8 2.0 

  90
th

 1.5 1.6 1.5 2.9 2.6 2.9 

2090 DJF Mean 1.5 1.4 1.7 3.1 2.9 3.6 

  Median 1.3 1.2 1.9 2.7 2.7 3.5 

  10
th

 0.9 0.9 1.2 2.2 2.2 2.4 

  90
th

 2.1 2.2 2.1 4.7 4.0 4.8 

2090 MAM Mean 1.5 1.5 1.6 3.2 3.2 3.4 

  Median 1.5 1.4 1.7 3.0 3.1 3.5 

  10
th

 1.1 1.1 1.4 2.3 2.5 2.6 

  90
th

 2.0 2.1 1.8 4.2 4.2 4.2 

2090 JJA Mean 1.2 1.2 1.3 2.5 2.5 2.7 

  Median 1.3 1.3 1.5 2.6 2.5 2.7 

  10
th

 0.7 0.9 0.9 1.8 2.2 2.2 

  90
th

 1.6 1.5 1.6 2.9 2.7 3.1 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 1.4 1.4 1.5 2.7 2.8 2.9 

  Median 1.4 1.5 1.5 2.6 2.9 2.8 

  10
th

 1.0 1.2 1.2 2.2 2.4 2.4 

  90
th

 1.7 1.7 1.7 3.3 3.2 3.5 

2090 Annual Mean 1.4 1.4 1.5 2.9 2.9 3.1 

  Median 1.3 1.3 1.6 2.6 2.8 2.9 

  10
th

 1.0 1.0 1.3 2.2 2.3 2.6 

  90
th

 1.8 1.9 1.8 3.9 3.5 3.9 

 

 

 

Figure 2.9 Adelaide and Mount Lofty Ranges NRM projected change in seasonal minimum daily temperature 
for 1961-2100 as downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) 
envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 

percentile. Break and colour change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 2.10 Adelaide and Mount Lofty Ranges NRM projected change in seasonal minimum daily 
temperature for 1961-2100 as downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner 
(dark shaded) envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is 

annual 10
th

 to 90
th

 percentile. Break and colour change between 2005 and 2006 distinguishes historical and 
future period.  



 

 

 

Figure 2.11 Adelaide and Mount Lofty Ranges NRM CMIP5 GCM and NHMM-downscaled projected seasonal 
minimum daily temperature changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for 
RCP4.5 and RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean minimum daily 

temperature (with median indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 
percentile yearly mean minimum daily temperature.  

The projected solar radiation changes are presented in Table 2.6. The corresponding time-series 
plots are shown in Figure 2.12 for RCP4.5 and Figure 2.13 for RCP8.5. The increases in solar radiation 
correspond with the projected drying trends, as the reduced cloud-cover associated with more 
frequent dry days results in more solar radiation being received at the surface. There are distinct 
differences between the projections from the subset of six better and six poorer GCMs, particularly 
by the second half of the century, with smaller increases projected by the better GCMs. This 
corresponds with the poorer GCMs producing drier projections. Comparing the direct GCM grid-
scale solar radiation changes with those obtained from the downscaling (Figure 2.14) indicates larger 
increases from downscaling, particularly for winter and spring towards the end of century, possibly 
because of relatively more dry days in the downscaled simulations compared to the GCMs that 
would correspond to decreased cloud cover and hence increased radiation.  

The mean, median and range of changes presented in Table 2.6 can be compared to the range of 
changes shown in Appendix B, where the mean changes obtained from downscaling each individual 
GCM are presented in Table B.7 for RCP4.5 and Table B.8 for RCP8.5. 



 

 

Table 2.6 Adelaide and Mount Lofty Ranges NRM downscaled projected changes in seasonal solar radiation 
(% change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ 
GCMs.  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 0.8 0.6 1.1 0.9 -0.2 1.6 

  Median 0.8 0.2 1.3 0.8 0.1 1.8 

  10
th

 -0.2 -0.3 0.1 -0.3 -1.3 0.7 

  90
th

 1.8 1.8 1.9 1.9 0.6 2.5 

2030 MAM Mean 0.6 1.0 -0.2 1.0 1.2 0.9 

  Median -0.2 0.3 -0.6 0.5 0.7 1.1 

  10
th

 -1.2 -0.9 -2.2 -0.5 -0.1 -1.7 

  90
th

 2.4 3.7 2.2 -0.5 3.2 3.2 

2030 JJA Mean 1.9 1.1 2.5 2.6 1.9 2.9 

  Median 2.1 1.2 3.1 2.3 1.8 3.1 

  10
th

 -0.4 -0.4 0.6 0.5 0.9 0.9 

  90
th

 4.0 2.4 4.0 4.8 3.0 4.8 

2030 SON Mean 2.4 2.6 2.5 2.8 2.5 3.2 

  Median 2.4 2.2 2.6 2.6 2.0 3.0 

  10
th

 1.5 1.6 1.9 1.4 1.4 2.5 

  90
th

 3.7 4.1 3.0 4.3 4.2 4.2 

2030 Annual Mean 1.4 1.3 1.4 1.7 1.2 2.1 

  Median 1.3 1.0 1.6 1.8 1.0 2.3 

  10
th

 0.6 0.7 0.4 0.4 0.3 0.9 

  90
th

 2.4 2.3 2.4 3.1 2.2 3.2 

2050 DJF Mean 0.8 0.5 1.3 1.2 0.1 2.1 

  Median 0.6 0.5 1.2 1.2 0.5 2.5 

  10
th

 -0.5 -0.4 -0.1 0.2 -1.3 0.8 

  90
th

 2.4 1.5 2.7 2.7 1.0 3.2 

2050 MAM Mean 1.0 1.2 0.3 1.5 1.4 1.3 

  Median 0.9 1.2 0.2 1.6 1.3 1.8 

  10
th

 -1.8 -1.1 -2.6 -1.3 -0.8 -2.5 

  90
th

 3.3 3.6 3.1 4.7 3.7 4.7 

2050 JJA Mean 2.8 2.2 3.4 3.9 2.8 4.5 

  Median 3.2 2.7 3.9 4.1 2.4 4.4 

  10
th

 0.3 0.6 1.4 0.8 1.4 2.0 

  90
th

 4.9 3.5 4.9 6.9 4.6 7.2 

2050 SON Mean 3.2 3.0 3.8 4.1 4.1 4.7 

  Median 3.1 2.3 3.8 3.9 3.1 4.8 

  10
th

 2.1 1.7 3.2 2.6 2.7 3.5 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 4.7 4.9 4.4 6.3 6.5 5.8 

2050 Annual Mean 1.8 1.6 2.1 2.5 1.9 3.1 

  Median 1.4 1.2 2.2 2.5 1.5 3.2 

  10
th

 0.9 0.9 0.7 0.7 0.8 1.4 

  90
th

 3.4 2.7 3.5 4.3 3.4 4.6 

2070 DJF Mean 1.0 0.3 1.5 1.5 0.2 2.7 

  Median 1.0 -0.1 1.5 0.9 0.2 2.9 

  10
th

 -0.4 -0.8 0.4 0.0 -0.8 0.6 

  90
th

 2.3 1.6 2.8 3.6 1.3 4.7 

2070 MAM Mean 1.5 1.5 1.0 2.2 1.6 2.7 

  Median 1.6 1.6 0.8 1.2 0.8 3.1 

  10
th

 -1.0 -0.5 -2.0 -0.3 -0.3 -1.5 

  90
th

 4.2 3.5 4.2 6.1 4.2 6.6 

2070 JJA Mean 3.5 2.7 4.2 5.4 3.7 6.8 

  Median 3.9 2.8 3.9 6.0 3.2 6.7 

  10
th

 1.3 1.4 2.2 1.3 1.6 3.4 

  90
th

 6.0 4.1 6.4 9.1 6.5 10.3 

2070 SON Mean 3.8 3.1 4.7 5.4 5.2 6.4 

  Median 4.1 2.9 4.9 6.3 4.6 6.7 

  10
th

 2.3 1.5 4.1 3.0 3.3 5.0 

  90
th

 5.2 5.1 5.3 8.0 7.9 7.7 

2070 Annual Mean 2.3 1.7 2.7 3.3 2.4 4.4 

  Median 1.9 1.6 2.7 3.2 1.8 4.7 

  10
th

 1.2 0.9 1.4 1.4 1.6 2.0 

  90
th

 3.9 2.7 4.2 5.6 4.0 6.5 

2090 DJF Mean 1.0 0.0 1.6 1.9 0.6 3.5 

  Median 1.2 0.1 1.7 1.8 0.5 3.5 

  10
th

 -0.5 -1.6 0.6 -0.3 -0.6 1.2 

  90
th

 2.7 1.5 2.7 4.7 1.9 5.9 

2090 MAM Mean 1.8 1.8 1.3 2.6 1.5 4.0 

  Median 2.5 2.4 1.1 1.9 1.7 4.4 

  10
th

 -0.9 -0.4 -1.5 -1.1 -0.9 -1.3 

  90
th

 3.9 3.4 4.1 7.8 3.8 8.9 

2090 JJA Mean 3.9 3.0 4.6 6.9 4.9 9.1 

  Median 4.2 2.9 4.8 6.9 4.0 8.7 

  10
th

 1.7 1.8 2.5 2.1 2.3 4.6 

  90
th

 6.2 4.5 6.7 11.8 8.4 14.2 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 4.1 3.2 5.3 6.8 6.6 8.4 

  Median 4.0 3.4 4.9 7.6 6.8 8.7 

  10
th

 2.3 1.4 4.4 2.6 3.8 6.0 

  90
th

 6.2 4.9 6.6 9.7 9.3 10.6 

2090 Annual Mean 2.5 1.7 3.0 4.2 3.2 5.8 

  Median 2.2 1.8 3.2 4.0 2.8 6.3 

  10
th

 1.3 0.8 1.6 1.5 1.9 2.7 

  90
th

 4.1 2.6 4.4 7.3 4.8 8.6 

 

 

 

Figure 2.12 Adelaide and Mount Lofty Ranges NRM projected change in seasonal solar radiation for 1961-
2100 as downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope 
is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 

percentile. Break and colour change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 2.13 Adelaide and Mount Lofty Ranges NRM projected change in seasonal solar radiation for 1961-
2100 as downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope 
is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 

percentile. Break and colour change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 2.14 Adelaide and Mount Lofty Ranges NRM CMIP5 GCM and NHMM-downscaled projected seasonal 
solar radiation changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and 
RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean solar radiation (with median 

indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean solar 
radiation.  

Vapour pressure deficit (VPD) is a derived variable, and as such is not a direct output from GCMs. It 
is a function of temperature and relative humidity changes, and is one of the required inputs for 
calculation of potential evapotranspiration. The combination of projected warming and drying lead 
to large relative changes in VPD, as summarised in Table 2.7, show increases become relatively much 
larger for RCP8.5 as the century progresses (Figure 2.15, Figure 2.16 and Figure 2.17).   

The mean. median and range of changes presented in Table 2.7 can be compared to the range of 
changes shown in Appendix B, where the mean changes obtained from downscaling each individual 
GCM are presented in Table B.9 for RCP4.5 and Table B.10 for RCP8.5. 



 

 

Table 2.7 Adelaide and Mount Lofty Ranges NRM downscaled projected changes in seasonal vapour 
pressure deficit (% change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ 
and six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 8.0 7.8 9.1 9.7 7.1 12.9 

  Median 7.5 7.6 7.8 10.1 6.4 11.7 

  10
th

 4.7 5.6 5.8 4.8 3.5 9.2 

  90
th

 10.9 10.2 13.6 14.5 11.5 17.7 

2030 MAM Mean 8.2 10.0 5.0 10.7 11.3 9.0 

  Median 7.9 9.9 3.5 10.8 11.8 8.6 

  10
th

 2.2 6.5 1.1 4.2 9.6 3.0 

  90
th

 14.0 13.8 10.3 4.2 12.5 15.6 

2030 JJA Mean 9.2 9.2 9.0 12.6 11.8 12.5 

  Median 7.9 5.4 8.3 11.0 10.5 12.4 

  10
th

 5.1 5.2 4.0 9.3 9.5 6.8 

  90
th

 15.8 17.1 14.8 18.7 15.4 18.3 

2030 SON Mean 12.5 14.5 11.0 15.4 16.6 15.4 

  Median 11.4 12.3 10.4 14.1 15.8 14.3 

  10
th

 9.0 11.0 8.8 11.0 11.1 12.7 

  90
th

 15.9 20.3 13.8 21.0 23.0 19.3 

2030 Annual Mean 9.2 10.0 8.5 11.6 10.8 12.5 

  Median 8.4 8.8 7.2 10.4 10.7 11.5 

  10
th

 6.2 8.1 5.9 8.5 9.3 9.2 

  90
th

 13.8 13.2 12.5 16.2 12.5 16.8 

2050 DJF Mean 10.9 10.7 12.4 16.1 13.4 20.4 

  Median 10.1 10.4 10.2 16.4 12.3 17.5 

  10
th

 7.1 8.7 8.8 9.8 9.5 14.5 

  90
th

 14.0 12.9 18.3 23.0 18.5 29.2 

2050 MAM Mean 11.4 13.5 7.7 17.3 18.2 15.9 

  Median 11.6 13.4 7.0 16.0 19.8 14.7 

  10
th

 4.8 10.2 2.2 10.4 14.0 8.2 

  90
th

 17.8 17.0 14.0 24.5 20.8 25.0 

2050 JJA Mean 13.2 13.8 12.9 20.8 19.4 21.3 

  Median 12.0 10.9 12.2 19.5 17.4 21.5 

  10
th

 4.8 8.0 3.8 14.1 14.3 12.6 

  90
th

 23.0 22.5 22.8 30.9 26.7 29.8 

2050 SON Mean 17.9 19.7 17.2 25.7 27.9 25.9 

  Median 16.8 17.4 16.7 24.5 27.2 24.6 

  10
th

 13.9 15.0 14.9 17.6 19.1 20.7 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 22.3 26.9 20.0 33.8 37.5 32.3 

2050 Annual Mean 12.9 13.8 12.4 19.1 18.6 20.7 

  Median 12.2 12.9 11.1 17.8 18.9 19.7 

  10
th

 9.0 11.9 8.9 13.6 15.5 15.3 

  90
th

 17.7 16.7 17.3 23.4 21.3 27.1 

2070 DJF Mean 13.0 12.2 15.1 23.3 20.7 28.7 

  Median 11.5 11.2 13.5 21.8 19.2 23.4 

  10
th

 9.6 10.5 10.7 16.0 16.6 19.5 

  90
th

 15.8 15.1 21.2 34.2 26.2 43.4 

2070 MAM Mean 13.9 15.7 10.9 25.0 26.6 24.6 

  Median 14.2 15.7 10.3 22.3 28.5 22.3 

  10
th

 6.8 13.5 4.8 15.9 18.1 15.5 

  90
th

 20.6 18.0 17.7 33.2 33.2 36.0 

2070 JJA Mean 15.9 15.2 16.7 30.8 29.4 32.7 

  Median 14.2 13.8 15.1 29.9 26.9 34.7 

  10
th

 5.8 9.7 5.0 19.2 19.3 20.8 

  90
th

 26.1 22.2 30.0 44.5 42.2 42.5 

2070 SON Mean 21.4 22.5 21.9 36.9 39.4 38.5 

  Median 20.7 20.1 21.2 37.2 37.8 39.2 

  10
th

 16.6 17.4 19.5 23.8 28.4 29.2 

  90
th

 27.2 30.0 25.0 47.2 52.2 47.1 

2070 Annual Mean 15.5 15.8 15.8 27.7 27.4 30.4 

  Median 15.0 15.6 14.5 27.8 28.4 28.8 

  10
th

 11.9 14.4 12.1 18.7 22.0 22.3 

  90
th

 18.1 17.3 20.9 33.6 31.8 40.2 

2090 DJF Mean 14.5 13.2 16.9 31.2 28.9 37.9 

  Median 14.6 13.7 16.4 28.7 28.6 30.2 

  10
th

 9.0 8.7 10.6 20.9 23.6 24.6 

  90
th

 18.5 17.4 23.7 47.2 34.5 59.0 

2090 MAM Mean 16.3 17.7 13.4 33.4 35.7 34.7 

  Median 18.1 18.1 12.2 33.1 36.0 31.9 

  10
th

 8.5 16.0 6.9 19.9 22.7 23.5 

  90
th

 23.0 18.9 21.1 48.5 48.5 48.7 

2090 JJA Mean 18.7 17.0 20.8 41.4 40.4 44.6 

  Median 18.5 18.4 17.4 39.4 36.8 47.3 

  10
th

 7.3 11.3 7.6 24.8 25.2 28.9 

  90
th

 32.7 21.3 37.3 59.4 59.4 57.6 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 24.3 24.2 25.7 48.9 52.1 52.3 

  Median 23.5 22.5 25.1 48.5 50.1 55.1 

  10
th

 19.6 18.4 22.0 30.5 37.0 38.0 

  90
th

 31.1 31.7 30.0 64.0 69.4 63.8 

2090 Annual Mean 17.7 17.2 18.5 36.9 37.1 41.2 

  Median 17.4 17.4 17.4 36.6 39.7 38.2 

  10
th

 14.9 16.4 15.2 24.2 27.8 29.9 

  90
th

 19.8 18.0 23.0 47.3 43.9 55.5 

 

 

 

Figure 2.15 Adelaide and Mount Lofty Ranges NRM projected change in seasonal vapour pressure deficit for 
1961-2100 as downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) 
envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 

percentile. Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 2.16 Adelaide and Mount Lofty Ranges NRM projected change in seasonal vapour pressure deficit for 
1961-2100 as downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) 
envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 

percentile. Break and colour change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 2.17 Adelaide and Mount Lofty Ranges NRM NHMM-downscaled projected seasonal vapour pressure 
deficit changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. 
The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean vapour pressure deficit (with median 

indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean vapour 
pressure deficit.  

The projected temperature, solar radiation and VPD series are used to calculate the APET series, 
resulting in the mean, median and range (10th to 90th percentile) of projected APET changes as 
presented in Table 2.8. Consistent with the results for these input variables, there is a progressive 
increase in projected APET throughout the century, which is stronger for RCP8.5 than RCP4.5 (Figure 
2.18, Figure 2.19, and Figure 2.20) with the subset of six poorer GCMs producing larger increases 
than the better subset (Table 2.8). By the end of the century there is a 7% increase for summer and a 
10 to 13% increase for the other seasons for RCP8.5, with increases approximately half of that for 
RCP4.5.  

The mean, median and range of changes presented in Table 2.8 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.11 for RCP4.5 and Table B.12 for RCP8.5. 



 

 

Table 2.8 Adelaide and Mount Lofty Ranges NRM downscaled projected changes in seasonal potential 
evapotranspiration (% change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six 
ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 2.5 2.0 3.0 3.0 1.9 4.1 

  Median 2.4 2.2 2.8 2.8 2.0 3.5 

  10
th

 1.3 1.3 2.1 1.7 0.7 3.1 

  90
th

 3.3 2.7 4.2 4.9 3.0 5.7 

2030 MAM Mean 2.5 2.8 1.8 3.5 3.6 3.3 

  Median 2.3 2.5 1.4 3.6 3.7 3.4 

  10
th

 1.3 2.0 0.7 1.9 2.5 1.4 

  90
th

 4.4 4.1 3.4 1.9 4.7 5.1 

2030 JJA Mean 2.9 2.3 3.3 3.9 3.3 4.3 

  Median 3.0 2.2 3.7 3.9 2.9 4.1 

  10
th

 1.4 1.6 2.1 2.4 2.6 3.2 

  90
th

 4.2 3.3 4.2 5.6 4.3 5.6 

2030 SON Mean 3.6 3.7 3.7 4.4 4.2 5.0 

  Median 3.8 3.7 4.0 4.3 3.8 5.0 

  10
th

 2.4 2.8 2.9 2.9 3.1 4.0 

  90
th

 4.4 4.8 4.3 6.0 5.7 6.0 

2030 Annual Mean 2.8 2.7 3.0 3.6 3.1 4.2 

  Median 2.6 2.6 3.0 3.2 3.1 4.3 

  10
th

 2.0 2.2 2.1 2.4 2.1 3.1 

  90
th

 3.8 3.5 3.9 5.1 4.0 5.3 

2050 DJF Mean 3.3 2.8 4.1 4.9 3.6 6.2 

  Median 2.9 2.7 3.7 4.3 3.7 5.5 

  10
th

 2.1 2.1 2.8 3.2 1.8 4.7 

  90
th

 4.5 3.7 5.8 7.1 5.2 8.5 

2050 MAM Mean 3.6 3.9 2.9 5.6 5.4 5.5 

  Median 3.7 4.1 2.8 4.9 5.3 5.7 

  10
th

 1.7 2.8 1.1 3.5 3.8 2.8 

  90
th

 5.7 4.9 4.9 7.9 7.2 8.2 

2050 JJA Mean 4.3 3.9 4.9 6.2 5.6 6.7 

  Median 4.7 4.1 5.1 6.1 5.5 6.9 

  10
th

 2.5 2.8 3.6 4.2 4.8 5.0 

  90
th

 5.9 4.8 5.9 8.3 6.6 8.3 

2050 SON Mean 5.1 4.9 5.7 7.1 7.1 7.8 

  Median 4.9 4.7 6.0 7.2 6.3 8.1 

  10
th

 3.7 3.8 4.6 5.3 5.7 6.3 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 6.5 6.2 6.4 9.1 9.3 9.1 

2050 Annual Mean 4.0 3.8 4.4 5.8 5.2 6.6 

  Median 3.8 3.7 4.4 5.3 5.0 6.7 

  10
th

 2.7 3.0 3.2 4.1 3.9 5.0 

  90
th

 5.2 4.6 5.7 7.8 6.7 8.2 

2070 DJF Mean 4.1 3.3 5.0 6.9 5.4 8.7 

  Median 4.1 3.2 4.4 6.2 5.1 7.4 

  10
th

 2.5 2.2 4.1 4.7 3.8 6.5 

  90
th

 5.1 4.6 6.7 9.8 7.3 12.3 

2070 MAM Mean 4.7 4.9 4.2 8.2 7.9 8.7 

  Median 4.9 4.8 4.1 8.3 7.9 8.8 

  10
th

 2.8 3.9 2.3 6.2 6.3 5.4 

  90
th

 6.5 6.0 6.4 10.1 9.4 12.0 

2070 JJA Mean 5.4 4.9 5.9 8.8 7.7 10.0 

  Median 5.6 4.9 6.1 8.1 7.5 10.1 

  10
th

 3.5 4.0 4.6 5.8 6.4 7.6 

  90
th

 7.0 5.9 7.1 11.7 9.3 12.4 

2070 SON Mean 6.2 5.7 7.3 10.0 9.7 11.3 

  Median 5.9 5.7 7.5 9.6 9.2 12.2 

  10
th

 4.7 4.4 6.3 7.0 7.6 8.8 

  90
th

 8.1 7.2 8.1 13.0 12.4 13.0 

2070 Annual Mean 5.0 4.5 5.6 8.2 7.4 9.6 

  Median 4.6 4.3 5.6 7.5 6.8 9.3 

  10
th

 3.8 3.8 4.5 6.0 6.1 7.2 

  90
th

 6.2 5.5 6.8 10.9 9.3 12.3 

2090 DJF Mean 4.6 3.5 5.7 9.1 7.4 11.5 

  Median 4.5 3.7 5.2 8.7 6.7 9.6 

  10
th

 3.4 1.9 4.7 6.2 5.8 8.8 

  90
th

 5.6 5.1 7.2 12.9 9.8 16.2 

2090 MAM Mean 5.6 5.8 5.3 10.9 10.4 12.3 

  Median 5.8 5.6 5.2 10.6 10.1 12.8 

  10
th

 3.5 4.7 3.1 7.3 8.2 8.0 

  90
th

 7.8 7.3 7.6 13.2 12.9 16.2 

2090 JJA Mean 6.2 5.7 6.9 11.8 10.6 13.7 

  Median 6.4 5.5 7.1 11.7 10.1 13.7 

  10
th

 4.5 5.1 5.4 7.4 8.4 9.9 

  90
th

 7.8 6.4 8.1 15.2 13.3 17.4 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 7.1 6.4 8.5 13.1 12.9 15.1 

  Median 6.9 6.1 8.7 13.2 13.2 15.9 

  10
th

 5.2 4.9 7.4 8.4 9.7 11.2 

  90
th

 9.4 8.3 9.4 18.3 15.8 18.3 

2090 Annual Mean 5.7 5.1 6.5 10.9 9.9 13.0 

  Median 5.3 5.0 6.6 10.8 9.3 12.4 

  10
th

 4.3 3.8 5.4 7.6 8.0 9.7 

  90
th

 7.3 6.4 7.6 14.7 12.5 16.9 

 

 

 

Figure 2.18 Adelaide and Mount Lofty Ranges NRM projected change in seasonal potential 
evapotranspiration for 1961-2100 as downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, 
inner (dark shaded) envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope 

is annual 10
th

 to 90
th

 percentile. Break and colour change between 2005 and 2006 distinguishes historical 
and future period.  



 

 

 

Figure 2.19 Adelaide and Mount Lofty Ranges NRM projected change in seasonal potential 
evapotranspiration for 1961-2100 as downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, 
inner (dark shaded) envelope is 20-year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope 

is annual 10
th

 to 90
th

 percentile. Break and colour change between 2005 and 2006 distinguishes historical 
and future period.  



 

 

 

Figure 2.20 Adelaide and Mount Lofty Ranges NRM NHMM-downscaled projected seasonal potential 
evapotranspiration changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 
and RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean potential 

evapotranspiration (with median indicated by the horizontal line) and the thin bars are the range in 10
th

 to 
90

th
 percentile yearly mean potential evapotranspiration.  

 

2.4 Summary 

Decreases in precipitation are projected for all seasons, and hence annual precipitation also, with 
the greatest relative decreases in spring for both RCP4.5 and RCP8.5. For the second half of the 
century the scenarios diverge, with larger decreases from RCP8.5. Daily temperatures (maximum 
and minimum) are projected to increase for all seasons. For maximum temperature there are slightly 
larger increases for the spring season corresponding to its increased drying relative to the other 
seasons. For both maximum and minimum daily temperatures, the increases for RCP8.5 are larger 
than RCP4.5 from mid-century onwards. Solar radiation also increases for all seasons, with larger 
relative increases in winter and spring, which is physically consistent with an assumed reduction in 
cloud cover given the projected reduction in rainfall. VPD also increases in all seasons, notably much 
more for RCP8.5 than for RCP4.5 with double the end of the century relative changes. APET also 
increases in all seasons, and again the projected changes for RCP8.5 are larger than for RCP4.5. 
Overall, for all variables and both RCPs, the changes projected from a subset of six better performing 
GCMs are smaller than the changes projected by a subset of six poorer performing GCMs. The 
downscaled projections for each AMLR station, provided as 100 stochastic replicates of daily time-
ǎŜǊƛŜǎ ŦƻǊ ŜŀŎƘ D/a ŀƴŘ w/tΣ ǊŜǇǊŜǎŜƴǘ ΨŀŘŘŜŘ ǾŀƭǳŜΩ ƻǾŜǊ ŘƛǊŜŎǘ D/a ƻǳǘǇǳǘ ŀǎ ǘƘŜȅ ǇǊƻǾƛŘŜ 
realistic station-scale input series suitable for probabilistic impacts and adaptation investigations. 
Bates et al. (2010), in a report focussing on climate change and water allocation, provide a useful 
summary on the appropriate application of projections in such investigations. CSIRO and Bureau of 



 

 

Meteorology (2014) provides a detailed overview of climate change science from an Australian 
perspective with recommendations on understanding and utilising projections.  



 

 

3 Projections for Eyre Peninsula 

3.1 Overview 

The Eyre Peninsula NRM region, adjacent to the western Spencer Gulf, encompasses the southern 
boundaries of the Gawler Ranges, to Port Lincoln in the south and from Ceduna to the edge of the 
Nullarbor Plain in the west. The region is dependent on groundwater resources within the Southern 
Basins and the Musgrave Prescribed Wells Area, as well as other localised groundwater sources and 
the Tod River surface water catchment. The Region experiences a Mediterranean semi-arid type 
climate transitioning from a milder, moist maritime climate in the south and southwest to a hotter 
and drier semi-arid climate as you move northwards inland (EPNRMB, 2009).  

Twenty eight weather stations were selected for the statistical downscaling model calibration. Their 
mean rainfall characteristics are summarised in Table 3.1, in terms of seasonal mean number of wet-
days and rainfall totals for the 1986-2005 baseline (representing current climate, this is the period 
that projections are compared to in later results). Annual rainfall totals vary between stations by a 
factor of two, ranging from approximately 260 mm (Ceduna, in the northwest) to 540 mm (Port 
Lincoln, the most southerly of the 28 stations).  

The selected downscaling models, for the four seasons, are summarised in Table 3.2. Each season 

has at least one SLP predictorΣ ΨŜŀǎǘ Ƴƛƴǳǎ ǿŜǎǘΩ {[t ŘƛŦŦŜǊŜƴŎŜ ƻǾŜǊ ǘƘŜ ǊŜƎƛƻƴ ŦƻǊ ǎǳƳƳŜǊΣ ǿƛƴǘŜǊ 

ŀƴŘ ǎǇǊƛƴƎ ŀƴŘ ΨƴƻǊǘƘ Ƴƛƴǳǎ ǎƻǳǘƘΩ {[t ŘƛŦŦŜǊŜƴŎŜ ŦƻǊ ŀǳǘǳƳƴ ŀƴŘ ǎǇǊƛƴƎΦ !ƭƭ ǎŜŀǎƻƴǎ ƘŀǾŜ ŀ 5¢5 

predictor for the 850 hPa level and three (summer, autumn and spring) also have DTD for the 700 

hPa level. Summer also has the easterly wind speed component (U-wind) at the 850 hPa level, 

autumn has the northerly wind speed component (V-wind) at the 700 hPa level, and winter has both 

700 and 850 hPa level U-wind predictors. The mean rainfall characteristics associated with the 

weather states for each of the four seasonal NHMMs are presented in Appendix A, Table A.5 to 

Table A.8.  

 

 

 



 

 

Table 3.1   Eyre Peninsula NRM Climate Stations for NHMM-Downscaling  

BoM ID Name Latitude Longitude Rain days (# days) Rain amount (mm) 

    DJF MAM JJA SON DJF MAM JJA SON 

18005 

YEELANA 
(BRIMPTON 
LAKE) 34.06 135.50 

7 

0.09 

13 

0.18 

36 

0.49 

18 

0.24 

50 

0.12 

72 

0.17 

205 

0.49 

94 

0.22 

18007 
YEELANA 
(BROOKER) 34.10 135.84 

7 

0.10 

12 

0.18 

32 

0.47 

17 

0.25 

47 

0.13 

63 

0.17 

162 

0.45 

89 

0.25 

18012 CEDUNA AMO 32.13 133.70 

7 

0.14 

9 

0.18 

22 

0.44 

12 

0.24 

46 

0.18 

39 

0.15 

103 

0.39 

73 

0.28 

18024 DARKE PEAK 33.47 136.21 

8 

0.12 

12 

0.18 

30 

0.45 

17 

0.25 

55 

0.16 

62 

0.18 

133 

0.39 

91 

0.27 

18033 
CEDUNA 
(GOODE) 31.97 133.77 

7 

0.14 

9 

0.18 

22 

0.43 

13 

0.25 

49 

0.18 

39 

0.14 

108 

0.40 

76 

0.28 

18036 KARCULTABY 32.74 134.97 

6 

0.11 

9 

0.16 

26 

0.47 

14 

0.25 

38 

0.14 

42 

0.16 

118 

0.44 

71 

0.26 

18044 KYANCUTTA 33.13 135.56 

7 

0.12 

10 

0.18 

25 

0.45 

14 

0.25 

52 

0.19 

45 

0.16 

108 

0.39 

73 

0.26 

18047 
CEDUNA 
(MALTEE) 32.09 133.91 

6 

0.13 

9 

0.19 

21 

0.45 

11 

0.23 

46 

0.17 

39 

0.14 

106 

0.39 

80 

0.30 

18049 

BUTLER TANKS 
(NORTH 
PARNDA) 34.12 136.16 

7 

0.11 

12 

0.20 

27 

0.44 

15 

0.25 

53 

0.16 

59 

0.18 

129 

0.40 

83 

0.26 

18056 

MT WEDGE 
(MOUNT 
WEDGE) 33.48 135.16 

7 

0.10 

12 

0.17 

34 

0.48 

18 

0.25 

52 

0.13 

59 

0.15 

183 

0.47 

95 

0.24 

18060 NUNDROO 31.78 132.20 

7 

0.12 

12 

0.21 

24 

0.42 

14 

0.25 

44 

0.14 

56 

0.18 

138 

0.44 

76 

0.24 

18069 ELLISTON 33.65 134.89 

8 

0.11 

14 

0.19 

36 

0.48 

17 

0.23 

46 

0.12 

66 

0.17 

181 

0.47 

89 

0.23 

18079 STREAKY BAY 32.80 134.21 

7 

0.10 

12 

0.18 

32 

0.48 

16 

0.24 

47 

0.13 

53 

0.15 

170 

0.48 

82 

0.23 

18090 WARRAMBOO 33.24 135.60 

7 

0.11 

11 

0.17 

29 

0.46 

16 

0.25 

49 

0.15 

53 

0.16 

137 

0.42 

85 

0.26 



 

 

18091 

TUMBY BAY 
(WARRATTA 
VALE) 34.26 136.21 

8 

0.13 

12 

0.20 

26 

0.43 

15 

0.25 

47 

0.16 

55 

0.19 

106 

0.37 

78 

0.27 

18096 
CLEVE 
(PINEVIEW) 33.68 136.68 

8 

0.12 

14 

0.22 

27 

0.42 

16 

0.25 

58 

0.19 

65 

0.21 

104 

0.33 

85 

0.27 

18101 
KOONGAWA 
(RETAWON) 33.17 135.91 

7 

0.11 

11 

0.17 

29 

0.45 

17 

0.27 

53 

0.17 

54 

0.17 

130 

0.41 

83 

0.26 

18104 
CUMMINS 
(GLENREATH) 34.34 135.87 

9 

0.11 

16 

0.19 

39 

0.46 

20 

0.24 

60 

0.12 

88 

0.18 

224 

0.46 

110 

0.23 

18137 
PORT LINCOLN 
(WESTMERE) 34.83 135.70 

10 

0.10 

20 

0.20 

46 

0.46 

24 

0.24 

49 

0.09 

109 

0.20 

260 

0.49 

118 

0.22 

18164 
MURDINGA 
(MUNGALA) 33.70 135.92 

7 

0.11 

11 

0.18 

28 

0.45 

16 

0.26 

46 

0.15 

54 

0.17 

132 

0.42 

85 

0.27 

18166 
WIRRULLA 
(PIMBENA) 32.28 134.47 

6 

0.12 

9 

0.18 

23 

0.45 

13 

0.25 

42 

0.16 

41 

0.16 

104 

0.40 

76 

0.29 

18172 
BUCKLEBOO 
(HI-VIEW) 32.92 136.00 

7 

0.11 

11 

0.18 

28 

0.46 

15 

0.25 

59 

0.19 

52 

0.16 

117 

0.37 

89 

0.28 

18175 
BUTLER 
(MOODY VALE) 34.04 136.01 

8 

0.12 

13 

0.19 

31 

0.45 

17 

0.25 

56 

0.16 

63 

0.17 

153 

0.42 

89 

0.25 

18176 

COWELL 
(WINTER 
SPRINGS) 33.34 136.75 

9 

0.14 

12 

0.19 

27 

0.42 

16 

0.25 

67 

0.21 

58 

0.18 

112 

0.35 

85 

0.26 

18177 
KIMBA 
(MELALEUCA) 33.08 136.09 

8 

0.13 

11 

0.18 

26 

0.43 

15 

0.25 

54 

0.18 

55 

0.18 

112 

0.37 

85 

0.28 

18182 
CEDUNA 
(UWORRA) 31.97 133.33 

8 

0.14 

11 

0.19 

26 

0.44 

14 

0.24 

48 

0.16 

45 

0.15 

117 

0.40 

82 

0.28 

18184 
CLEVE 
(NINGANA) 33.61 136.37 

8 

0.11 

15 

0.20 

33 

0.43 

20 

0.26 

62 

0.16 

76 

0.19 

154 

0.39 

107 

0.27 

18193 
KIMBA 
(CORTLINYE) 33.03 136.32 

8 

0.13 

11 

0.17 

28 

0.44 

16 

0.25 

58 

0.18 

54 

0.17 

114 

0.36 

91 

0.29 

 



 

 

 

Figure 3.1 Location of Eyre Peninsula stations in Table 3.1 and NRM region boundary 

 

Table 3.2 Selected NHMMs (number of weather states and predictor combinations) for Eyre Peninsula 

DJF MAM JJA SON 

3 states 4 states 4States 5 States 

East ς West SLP 

DTD at 700 hPa 

DTD at 850 hPa 

U-wind at 850 hPa 

North ς South SLP 

DTD at 700 hPa 

DTD at 850 hPa 

V-wind at 700 hPa 

East ς West SLP 

DTD at 850 hPa 

U-wind at 700 hPa 

U-wind at 850 hPa 

East ς West SLP 

North ς South SLP 

DTD at 700 hPa 

DTD at 850 hPa 

 

 

 

3.2 Precipitation 

The precipitation changes (mean, median and 10th to 90th percentile range, across stations and 
GCMs) presented in Table 3.3 indicate a tendency for projected decreases across all seasons for both 
RCPs, with larger decreases for RCP8.5 relative to RCP4.5. The range and relative strength of these 
projected seasonal changes are evident from the corresponding time-series plots (Figure 3.2 and 
Figure 3.3). By the end of the century there are considerable differences between the declines in 
downscaled precipitation under RCP4.5 and 8.5. Relative to the precipitation changes projected by 



 

 

the GCM directly, the downscaled simulations have larger declines for summer, autumn and spring 
and smaller declines for winter (Figure 3.4). The precipitation declines from downscaling the subset 
of six poorer performing GCMs are larger than those from the six better performing GCMs (Figure 
3.5). 

The mean, median and range of changes presented in Table 3.3 can be compared to the range of 

changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 

are presented in Table B.13 for RCP4.5 and   



 

 

Table B.14 for RCP8.5. 



 

 

Table 3.3 Eyre Peninsula NRM downscaled projected changes in seasonal precipitation (% change relative to 
1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean -11.8 -9.0 -12.3 -7.8 0.0 -11.4 

  Median -17.9 -12.9 -16.0 -8.9 -0.9 -9.3 

  10
th

 -26.3 -24.7 -26.2 -21.0 -14.1 -20.1 

  90
th

 10.8 10.7 5.3 4.6 15.0 -4.9 

2030 MAM Mean -7.5 -6.8 -8.2 -8.7 -9.7 -8.3 

  Median -7.2 -6.1 -11.7 -8.1 -8.4 -7.3 

  10
th

 -24.6 -17.3 -24.0 -23.5 -17.6 -21.0 

  90
th

 3.8 2.9 11.1 1.2 -3.3 3.5 

2030 JJA Mean -2.0 0.8 -5.7 -4.4 -3.0 -5.4 

  Median -2.5 2.8 -5.9 -4.0 -2.3 -6.0 

  10
th

 -8.4 -6.5 -8.3 -9.8 -7.4 -8.8 

  90
th

 5.5 6.1 -2.8 0.6 0.7 -1.4 

2030 SON Mean -14.1 -18.8 -11.9 -17.8 -16.3 -19.6 

  Median -13.7 -15.5 -12.5 -17.5 -16.4 -21.0 

  10
th

 -26.4 -31.9 -20.0 -26.7 -30.3 -25.8 

  90
th

 -4.2 -9.0 -3.3 -8.9 -2.3 -12.0 

2030 Annual Mean -7.6 -7.0 -8.8 -9.1 -7.5 -10.4 

  Median -8.0 -5.0 -10.1 -7.5 -7.3 -10.0 

  10
th

 -13.3 -13.9 -12.9 -14.6 -12.7 -15.4 

  90
th

 -1.6 -2.3 -3.5 -3.8 -2.4 -5.7 

2050 DJF Mean -14.1 -9.0 -18.2 -16.8 -9.6 -20.2 

  Median -11.4 -10.5 -13.2 -18.6 -7.3 -22.8 

  10
th

 -31.2 -18.1 -36.3 -34.2 -26.0 -30.4 

  90
th

 -3.4 1.7 -5.2 -2.9 4.4 -7.6 

2050 MAM Mean -9.2 -8.3 -10.4 -13.0 -9.9 -14.8 

  Median -12.0 -11.6 -15.5 -14.7 -11.7 -15.1 

  10
th

 -21.8 -18.2 -23.7 -25.2 -20.9 -31.6 

  90
th

 8.2 4.9 8.0 3.1 2.9 2.1 

2050 JJA Mean -4.6 -4.1 -4.9 -5.8 -3.6 -6.1 

  Median -4.8 -4.0 -5.4 -5.3 -3.1 -6.8 

  10
th

 -9.0 -9.5 -8.2 -12.5 -8.4 -10.6 

  90
th

 1.2 1.3 -1.0 0.7 0.7 -0.8 

2050 SON Mean -19.2 -20.9 -21.1 -24.6 -27.9 -24.0 

  Median -17.4 -18.8 -19.9 -22.2 -26.8 -25.9 

  10
th

 -33.0 -32.9 -29.0 -41.1 -45.2 -32.9 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 -10.6 -10.9 -14.4 -11.3 -11.7 -13.3 

2050 Annual Mean -10.4 -9.8 -11.8 -13.5 -11.8 -14.3 

  Median -9.7 -9.5 -12.1 -13.5 -10.1 -13.6 

  10
th

 -16.2 -14.5 -17.9 -19.4 -19.4 -20.4 

  90
th

 -5.1 -5.4 -5.6 -5.9 -6.0 -9.1 

2070 DJF Mean -15.4 -9.8 -20.5 -23.1 -13.6 -30.9 

  Median -18.4 -11.4 -20.9 -22.9 -15.0 -33.1 

  10
th

 -27.8 -23.2 -29.3 -43.1 -29.6 -44.6 

  90
th

 -0.9 5.3 -11.4 -7.0 3.8 -15.0 

2070 MAM Mean -14.4 -11.6 -15.6 -18.9 -12.8 -22.5 

  Median -15.7 -9.5 -18.9 -18.0 -12.0 -30.3 

  10
th

 -24.8 -20.4 -31.5 -35.5 -26.8 -34.7 

  90
th

 0.5 -4.9 3.8 -0.8 0.4 -2.5 

2070 JJA Mean -4.8 -3.8 -5.9 -10.4 -7.8 -12.7 

  Median -6.0 -2.7 -7.4 -9.7 -6.6 -13.4 

  10
th

 -11.5 -10.8 -14.3 -20.0 -13.6 -21.5 

  90
th

 5.3 2.2 4.0 -2.0 -3.2 -3.3 

2070 SON Mean -24.3 -23.4 -27.9 -34.0 -33.5 -36.8 

  Median -25.6 -20.0 -28.0 -32.3 -30.0 -36.5 

  10
th

 -38.5 -40.0 -34.0 -45.0 -53.4 -44.5 

  90
th

 -11.8 -10.2 -21.8 -18.8 -17.3 -29.6 

2070 Annual Mean -13.1 -11.1 -15.4 -19.7 -16.1 -23.2 

  Median -14.5 -9.2 -15.1 -21.4 -14.1 -22.4 

  10
th

 -19.4 -18.5 -20.2 -30.2 -26.2 -31.0 

  90
th

 -7.3 -5.6 -10.9 -9.4 -8.0 -16.2 

2090 DJF Mean -17.1 -8.2 -22.2 -28.6 -18.5 -42.3 

  Median -20.5 -8.6 -21.2 -28.0 -25.9 -45.7 

  10
th

 -31.7 -25.4 -31.7 -52.3 -34.9 -55.7 

  90
th

 2.2 9.4 -13.8 -5.5 5.3 -25.6 

2090 MAM Mean -12.7 -9.1 -18.0 -23.2 -16.6 -32.6 

  Median -13.4 -12.3 -16.9 -17.1 -13.1 -34.3 

  10
th

 -25.1 -18.0 -28.4 -46.3 -30.7 -53.4 

  90
th

 -0.8 3.1 -8.8 -4.6 -6.0 -10.0 

2090 JJA Mean -4.9 -2.1 -7.3 -14.0 -10.4 -19.5 

  Median -5.1 -0.7 -7.9 -13.6 -10.0 -21.3 

  10
th

 -12.0 -7.7 -14.0 -27.3 -17.1 -28.7 

  90
th

 2.5 2.3 -0.1 -4.5 -4.3 -8.4 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean -24.6 -24.8 -27.0 -43.6 -43.2 -50.1 

  Median -23.6 -23.6 -28.5 -38.8 -36.2 -53.8 

  10
th

 -34.2 -34.5 -34.2 -61.1 -62.2 -58.0 

  90
th

 -15.7 -16.4 -18.2 -30.9 -31.1 -38.5 

2090 Annual Mean -13.1 -10.0 -16.5 -25.2 -20.9 -32.8 

  Median -11.6 -9.1 -15.6 -26.7 -19.2 -32.5 

  10
th

 -17.7 -14.2 -20.9 -37.7 -30.8 -42.6 

  90
th

 -7.3 -6.9 -13.1 -13.0 -12.8 -23.4 

 

 

 

Figure 3.2 Eyre Peninsula NRM projected change in seasonal precipitation for 1961-2100 as downscaled from 
CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-year running mean 
10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. Break and colour 

change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.3 Eyre Peninsula NRM projected change in seasonal precipitation for 1961-2100 as downscaled from 
CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-year running mean 
10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. Break and colour 

change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.4 Eyre Peninsula NRM CMIP5 GCM and NHMM-downscaled projected seasonal precipitation 
changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. The 
wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean rainfall (with median indicated by the 

horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean rainfall. 



 

 

 

Figure 3.5 Eyre Peninsula NRM NHMM-downscaled projected seasonal precipitation changes from six better 
(B6GCM) and six poorer (P6GCM) performing CMIP5 GCMs for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 
(relative to 1986-2005) for RCP4.5 and RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year 

mean rainfall (with median indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 
percentile yearly mean rainfall. Selection of better and poorer performing GCMs according to Cai et al. 
(2014a) and Cai et al. (2014b). 

 

3.3 Non-precipitation variables 

The downscaled projected changes in daily maximum temperature are summarised in Table 3.4, 
with corresponding seasonal time-series trends plotted in Figure 3.6 and Figure 3.7 (for RCP4.5 and 
RCP8.5, respectively). The RCP8.5 mean end-of-century changes are almost double those from 
RCP4.5 (1.8°C compared to 3.4°C, annually averaged). Figure 3.8 shows the downscaled changes 
have similar median changes to those obtained from the GCM grid-scale output directly. Table 3.4 
also highlights the differences in projected changes obtained from the subsets of better and poorer 
GCMs, with larger changes projected from the poorer GCMs.  

The mean, median, and range of changes presented in Table 3.4 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.15 for RCP4.5 and Table B.16 for RCP8.5. 

 



 

 

Table 3.4 Eyre Peninsula NRM downscaled projected changes in seasonal maximum daily temperature (°C 
change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ 
GCMs.  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 0.9 0.8 1.0 1.1 0.9 1.3 

  Median 0.7 0.7 0.7 0.9 0.8 1.0 

  10
th

 0.6 0.5 0.7 0.6 0.6 0.9 

  90
th

 1.3 1.1 1.7 1.6 1.3 2.0 

2030 MAM Mean 0.8 0.9 0.6 1.0 1.1 0.9 

  Median 0.8 0.9 0.6 1.0 1.1 0.9 

  10
th

 0.5 0.8 0.3 0.7 0.9 0.5 

  90
th

 1.1 1.0 0.9 0.7 1.2 1.4 

2030 JJA Mean 0.8 0.7 0.8 1.0 0.9 1.0 

  Median 0.8 0.8 0.8 0.9 0.9 1.0 

  10
th

 0.5 0.6 0.6 0.8 0.8 0.7 

  90
th

 0.9 0.8 0.9 1.2 1.1 1.2 

2030 SON Mean 1.0 1.1 1.0 1.2 1.2 1.3 

  Median 1.0 1.1 1.0 1.2 1.2 1.4 

  10
th

 0.7 0.9 0.7 0.9 1.0 1.0 

  90
th

 1.2 1.2 1.2 1.7 1.5 1.7 

2030 Annual Mean 0.8 0.8 0.8 1.1 1.0 1.1 

  Median 0.8 0.8 0.8 0.9 1.0 1.1 

  10
th

 0.6 0.7 0.6 0.8 0.9 0.8 

  90
th

 1.1 1.0 1.1 1.5 1.3 1.5 

2050 DJF Mean 1.3 1.1 1.5 1.8 1.5 2.1 

  Median 1.1 1.1 1.1 1.6 1.4 1.7 

  10
th

 0.8 0.9 1.0 1.2 1.2 1.5 

  90
th

 1.7 1.5 2.3 2.5 2.1 3.1 

2050 MAM Mean 1.1 1.2 1.0 1.7 1.7 1.6 

  Median 1.2 1.2 0.9 1.6 1.6 1.6 

  10
th

 0.8 1.1 0.7 1.3 1.5 1.0 

  90
th

 1.5 1.4 1.4 2.1 2.0 2.2 

2050 JJA Mean 1.1 1.1 1.2 1.6 1.5 1.7 

  Median 1.1 1.1 1.2 1.5 1.4 1.7 

  10
th

 0.8 0.9 1.0 1.3 1.3 1.4 

  90
th

 1.4 1.2 1.4 2.1 1.8 2.1 

2050 SON Mean 1.4 1.4 1.5 2.0 2.0 2.2 

  Median 1.4 1.5 1.6 2.0 2.0 2.3 

  10
th

 1.1 1.2 1.2 1.5 1.7 1.6 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 1.7 1.6 1.8 2.7 2.4 2.7 

2050 Annual Mean 1.2 1.2 1.3 1.8 1.7 1.9 

  Median 1.2 1.2 1.3 1.6 1.6 1.8 

  10
th

 0.9 1.0 1.0 1.4 1.5 1.5 

  90
th

 1.5 1.4 1.6 2.3 2.1 2.5 

2070 DJF Mean 1.6 1.4 1.8 2.5 2.3 2.9 

  Median 1.4 1.4 1.5 2.2 2.0 2.3 

  10
th

 1.1 1.1 1.3 1.8 1.8 2.1 

  90
th

 2.1 1.8 2.6 3.6 3.0 4.4 

2070 MAM Mean 1.4 1.5 1.3 2.4 2.4 2.5 

  Median 1.3 1.6 1.2 2.4 2.3 2.4 

  10
th

 1.1 1.3 1.0 2.0 2.1 1.8 

  90
th

 1.7 1.7 1.9 2.9 2.9 3.2 

2070 JJA Mean 1.4 1.3 1.5 2.4 2.3 2.6 

  Median 1.3 1.3 1.6 2.4 2.2 2.6 

  10
th

 1.1 1.2 1.3 1.9 1.9 2.2 

  90
th

 1.8 1.6 1.8 3.1 2.7 3.1 

2070 SON Mean 1.8 1.8 2.0 2.9 2.9 3.2 

  Median 1.6 1.8 2.1 2.8 2.8 3.4 

  10
th

 1.4 1.5 1.6 2.2 2.4 2.3 

  90
th

 2.2 2.0 2.2 3.8 3.5 3.9 

2070 Annual Mean 1.5 1.5 1.6 2.6 2.4 2.8 

  Median 1.5 1.5 1.6 2.3 2.3 2.6 

  10
th

 1.2 1.3 1.4 2.0 2.1 2.2 

  90
th

 1.8 1.7 2.0 3.2 3.0 3.6 

2090 DJF Mean 1.8 1.6 2.1 3.3 3.0 3.8 

  Median 1.7 1.6 1.8 2.9 2.7 3.1 

  10
th

 1.3 1.1 1.5 2.4 2.3 2.7 

  90
th

 2.4 2.1 3.0 4.6 3.9 5.7 

2090 MAM Mean 1.7 1.9 1.7 3.2 3.3 3.4 

  Median 1.6 2.0 1.5 3.2 3.2 3.3 

  10
th

 1.4 1.5 1.2 2.5 2.7 2.7 

  90
th

 2.2 2.1 2.3 3.9 3.9 4.3 

2090 JJA Mean 1.7 1.5 1.9 3.3 3.1 3.6 

  Median 1.6 1.5 1.9 3.3 3.0 3.5 

  10
th

 1.3 1.3 1.6 2.6 2.6 3.1 

  90
th

 2.2 1.8 2.3 3.9 3.7 4.2 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 2.1 2.0 2.3 3.8 3.8 4.2 

  Median 2.0 2.1 2.5 3.7 3.7 4.5 

  10
th

 1.7 1.7 1.9 2.8 3.1 3.0 

  90
th

 2.5 2.4 2.5 4.9 4.6 5.3 

2090 Annual Mean 1.8 1.8 2.0 3.4 3.3 3.8 

  Median 1.8 1.7 1.9 3.2 3.1 3.5 

  10
th

 1.4 1.5 1.7 2.6 2.7 2.9 

  90
th

 2.2 2.1 2.4 4.2 4.0 4.9 

 

 

Figure 3.6 Eyre Peninsula NRM projected change in seasonal maximum daily temperature for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.7  Eyre Peninsula NRM projected change in seasonal maximum daily temperature for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.8 Eyre Peninsula NRM CMIP5 GCM and NHMM-downscaled projected seasonal maximum daily 
temperature changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and 
RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean maximum daily temperature 

(with median indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly 
mean maximum daily temperature.   

Downscaled minimum daily temperature changes are presented in Table 3.5, and together with 
Figure 3.9 and Figure 3.10 these show the differences in relative changes for the seasons from 
RCP4.5 and RCP8.5, as projected throughout the century. The RCP8.5 changes are double the RCP4.5 
changes by the end of century (1.4°C compared to 2.8°C, annually averaged). In all cases the subset 
of poorer GCMs produces larger or equal increases than the better GCMs. Direct GCM and 
downscaled changes are similar (Figure 3.11). 

The mean, median and range of changes presented in Table 3.5 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.17 for RCP4.5 and Table B.18 for RCP8.5. 



 

 

Table 3.5 Eyre Peninsula NRM downscaled projected changes in seasonal minimum daily temperature (°C 
change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ 
GCMs.  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 0.7 0.6 0.8 0.9 0.8 1.1 

  Median 0.7 0.7 0.8 0.9 0.8 1.0 

  10
th

 0.4 0.4 0.6 0.5 0.5 0.8 

  90
th

 1.1 0.9 1.2 1.4 1.2 1.5 

2030 MAM Mean 0.8 0.8 0.8 1.0 1.0 1.0 

  Median 0.7 0.8 0.8 0.9 0.9 1.0 

  10
th

 0.5 0.6 0.5 0.7 0.7 0.7 

  90
th

 1.1 0.9 1.1 0.7 1.3 1.4 

2030 JJA Mean 0.6 0.6 0.6 0.8 0.7 0.8 

  Median 0.6 0.6 0.6 0.7 0.7 0.8 

  10
th

 0.4 0.5 0.5 0.5 0.6 0.6 

  90
th

 0.9 0.7 0.9 1.1 0.8 1.1 

2030 SON Mean 0.6 0.7 0.7 0.9 0.9 0.9 

  Median 0.7 0.6 0.8 1.0 0.9 1.0 

  10
th

 0.4 0.6 0.5 0.7 0.7 0.8 

  90
th

 0.9 0.8 0.9 1.0 1.0 1.0 

2030 Annual Mean 0.7 0.7 0.7 0.9 0.9 1.0 

  Median 0.6 0.7 0.7 0.9 0.8 0.9 

  10
th

 0.5 0.5 0.6 0.7 0.7 0.8 

  90
th

 0.9 0.8 1.0 1.2 1.1 1.2 

2050 DJF Mean 1.0 0.9 1.2 1.5 1.4 1.8 

  Median 1.0 0.9 1.1 1.4 1.3 1.7 

  10
th

 0.6 0.6 0.8 0.9 1.0 1.3 

  90
th

 1.6 1.3 1.6 2.2 2.0 2.4 

2050 MAM Mean 1.1 1.1 1.1 1.6 1.6 1.7 

  Median 1.0 1.1 1.2 1.5 1.5 1.7 

  10
th

 0.8 0.9 0.8 1.2 1.2 1.2 

  90
th

 1.3 1.3 1.4 2.1 2.1 2.2 

2050 JJA Mean 0.9 0.8 1.0 1.3 1.2 1.4 

  Median 0.9 0.9 1.0 1.2 1.2 1.4 

  10
th

 0.6 0.7 0.7 1.0 1.0 1.1 

  90
th

 1.2 1.0 1.2 1.7 1.4 1.7 

2050 SON Mean 1.0 1.0 1.0 1.5 1.5 1.5 

  Median 1.0 1.0 1.1 1.6 1.5 1.7 

  10
th

 0.6 0.8 0.8 1.2 1.3 1.3 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 1.2 1.2 1.2 1.7 1.8 1.7 

2050 Annual Mean 1.0 1.0 1.0 1.5 1.4 1.6 

  Median 0.9 1.0 1.0 1.4 1.3 1.5 

  10
th

 0.7 0.8 0.9 1.1 1.1 1.4 

  90
th

 1.3 1.2 1.3 1.9 1.8 2.0 

2070 DJF Mean 1.3 1.2 1.5 2.2 2.1 2.5 

  Median 1.2 1.1 1.4 2.1 1.9 2.5 

  10
th

 0.7 0.8 1.1 1.4 1.5 1.8 

  90
th

 2.0 1.8 2.0 3.1 2.8 3.3 

2070 MAM Mean 1.3 1.3 1.3 2.3 2.3 2.4 

  Median 1.3 1.3 1.4 2.1 2.2 2.4 

  10
th

 0.9 1.1 1.0 1.7 1.8 1.9 

  90
th

 1.7 1.7 1.7 3.0 3.0 3.0 

2070 JJA Mean 1.1 1.0 1.2 1.9 1.8 2.0 

  Median 1.2 1.1 1.3 2.0 1.8 2.1 

  10
th

 0.7 0.8 0.8 1.5 1.6 1.7 

  90
th

 1.5 1.3 1.5 2.3 2.2 2.4 

2070 SON Mean 1.2 1.3 1.3 2.1 2.1 2.2 

  Median 1.2 1.2 1.4 2.1 2.0 2.3 

  10
th

 0.8 1.0 1.0 1.8 1.9 1.9 

  90
th

 1.5 1.6 1.5 2.5 2.6 2.5 

2070 Annual Mean 1.2 1.2 1.3 2.1 2.1 2.3 

  Median 1.2 1.2 1.3 2.0 1.9 2.1 

  10
th

 0.9 0.9 1.1 1.7 1.7 2.0 

  90
th

 1.6 1.6 1.7 2.8 2.7 2.8 

2090 DJF Mean 1.5 1.4 1.7 2.9 2.7 3.2 

  Median 1.3 1.2 1.8 2.7 2.6 3.2 

  10
th

 0.8 0.9 1.2 1.9 1.9 2.3 

  90
th

 2.2 2.2 2.3 4.1 3.7 4.2 

2090 MAM Mean 1.5 1.6 1.6 3.0 3.1 3.3 

  Median 1.5 1.5 1.6 2.9 2.9 3.3 

  10
th

 1.1 1.2 1.3 2.3 2.4 2.6 

  90
th

 2.0 2.0 1.9 4.0 4.0 3.9 

2090 JJA Mean 1.3 1.3 1.4 2.6 2.5 2.7 

  Median 1.4 1.3 1.6 2.7 2.4 2.8 

  10
th

 0.9 1.1 0.9 2.0 2.3 2.2 

  90
th

 1.7 1.6 1.7 3.1 3.0 3.1 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 1.5 1.5 1.6 2.8 2.9 2.9 

  Median 1.4 1.4 1.6 2.7 2.7 3.1 

  10
th

 1.1 1.2 1.3 2.3 2.5 2.5 

  90
th

 1.9 2.0 1.9 3.4 3.5 3.3 

2090 Annual Mean 1.4 1.4 1.6 2.8 2.8 3.0 

  Median 1.4 1.4 1.6 2.6 2.6 2.9 

  10
th

 1.0 1.1 1.3 2.3 2.4 2.6 

  90
th

 1.9 1.9 1.9 3.6 3.5 3.6 

 

 

 

Figure 3.9 Eyre Peninsula NRM projected change in seasonal minimum daily temperature for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.10 Eyre Peninsula NRM projected change in seasonal minimum daily temperature for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 3.11 Eyre Peninsula NRM CMIP5 GCM and NHMM-downscaled projected seasonal minimum daily 
temperature changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and 
RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean minimum daily temperature 

(with median indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly 
mean minimum daily temperature.   

The solar radiation changes projected for the Eyre Peninsula are summarised in Table 3.6. The 
associated ranges and temporal trends are plotted in Figure 3.12, for RCP4.5, and in Figure 3.13, for 
RCP8.5. The subset of six better GCMs produces smaller changes than the six poorer GCMs. The 
main driver of increased solar radiation is increased number of dry days. The downscaled changes 
are generally consistent with those simulated by the GCMs directly, however the larger downscaled 
changes for spring in the second half of the century (Figure 3.14) are likely related to a larger 
increase in the frequency of dry days in the downscaled projections compared to the GCMs directly.  

The mean, median and range of changes presented in Table 3.6 can be compared to the range of 

changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 

are presented in   



 

 

Table B.19 for RCP4.5 and   



 

 

Table B.20 for RCP8.5. 



 

 

Table 3.6 Eyre Peninsula NRM downscaled projected changes in seasonal solar radiation (% change relative 
to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 0.6 0.6 0.8 0.6 -0.1 1.2 

  Median 0.3 0.1 0.9 0.8 -0.2 1.3 

  10
th

 -0.3 -0.3 0.1 -0.5 -1.1 0.5 

  90
th

 1.8 2.0 1.5 1.5 0.9 1.9 

2030 MAM Mean 0.6 0.9 0.1 0.7 0.8 0.7 

  Median 0.3 0.2 0.2 0.3 0.1 1.0 

  10
th

 -1.3 -1.0 -1.9 -0.6 -0.5 -1.4 

  90
th

 2.4 3.6 2.1 -0.6 2.7 2.6 

2030 JJA Mean 1.9 1.6 2.1 2.3 1.9 2.4 

  Median 1.7 1.4 1.7 1.5 1.5 2.4 

  10
th

 0.4 0.4 0.9 0.7 0.8 0.7 

  90
th

 3.9 2.9 3.7 4.2 3.5 4.2 

2030 SON Mean 1.7 1.9 1.7 2.0 1.8 2.3 

  Median 1.7 1.3 1.7 1.8 1.2 2.3 

  10
th

 0.8 0.8 1.0 0.7 0.8 1.4 

  90
th

 3.3 3.6 2.5 3.2 3.4 3.2 

2030 Annual Mean 1.1 1.2 1.1 1.3 0.9 1.6 

  Median 1.1 0.8 1.3 1.2 0.6 1.9 

  10
th

 0.3 0.3 0.2 0.2 0.0 0.5 

  90
th

 1.9 2.4 1.9 2.4 2.1 2.4 

2050 DJF Mean 0.8 0.6 1.1 0.9 0.0 1.7 

  Median 0.5 0.3 1.1 1.0 0.1 1.9 

  10
th

 -0.2 -0.2 0.3 -0.1 -1.0 0.7 

  90
th

 2.0 1.7 2.0 2.0 1.0 2.5 

2050 MAM Mean 0.9 1.0 0.6 1.1 0.6 1.3 

  Median 0.5 0.4 0.7 1.0 0.1 1.5 

  10
th

 -1.9 -1.3 -2.0 -1.5 -1.4 -1.5 

  90
th

 3.1 3.8 3.0 3.9 3.1 3.9 

2050 JJA Mean 2.8 2.4 3.1 3.5 2.8 3.9 

  Median 2.4 2.2 2.8 3.0 2.4 3.5 

  10
th

 0.9 1.0 1.7 1.4 1.2 1.9 

  90
th

 5.1 4.1 4.7 5.7 4.7 6.3 

2050 SON Mean 2.3 2.2 2.7 2.9 2.8 3.2 

  Median 2.5 1.5 3.0 2.3 2.1 3.2 

  10
th

 1.1 0.8 1.9 1.3 1.4 2.2 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 3.6 4.3 3.2 4.6 5.0 4.4 

2050 Annual Mean 1.5 1.4 1.7 1.9 1.3 2.3 

  Median 1.2 0.9 1.9 1.8 0.8 2.6 

  10
th

 0.6 0.6 0.6 0.4 0.4 0.8 

  90
th

 2.7 2.7 2.7 3.5 2.8 3.6 

2070 DJF Mean 0.8 0.3 1.3 1.1 0.1 2.2 

  Median 0.7 -0.1 1.1 0.9 0.1 2.4 

  10
th

 -0.2 -0.4 0.4 -0.6 -1.1 0.7 

  90
th

 2.0 1.3 2.3 2.6 1.2 3.5 

2070 MAM Mean 1.2 1.0 1.1 1.3 0.3 2.1 

  Median 0.8 0.4 1.0 1.2 -1.0 2.3 

  10
th

 -1.2 -0.6 -1.5 -1.8 -1.8 -1.3 

  90
th

 3.9 3.2 3.7 5.2 3.6 5.2 

2070 JJA Mean 3.3 2.7 3.8 4.8 4.0 5.4 

  Median 3.2 2.6 3.9 5.2 3.9 5.4 

  10
th

 1.3 1.3 1.9 2.2 1.7 2.6 

  90
th

 5.4 4.3 5.6 7.0 6.4 8.4 

2070 SON Mean 2.7 2.1 3.5 3.7 3.5 4.4 

  Median 2.7 1.4 3.7 4.1 3.1 4.6 

  10
th

 1.1 0.9 2.6 1.5 1.5 2.9 

  90
th

 4.1 4.0 4.3 5.9 6.0 5.6 

2070 Annual Mean 1.8 1.3 2.2 2.4 1.7 3.2 

  Median 1.7 1.0 2.4 2.0 1.0 3.6 

  10
th

 0.8 0.6 1.0 0.7 0.7 1.2 

  90
th

 3.2 2.4 3.3 4.3 3.3 4.9 

2090 DJF Mean 0.8 -0.2 1.4 1.3 0.3 2.8 

  Median 1.0 -0.2 1.3 1.0 0.6 2.9 

  10
th

 -0.8 -1.8 0.7 -1.3 -1.3 1.0 

  90
th

 2.4 1.4 2.3 3.4 1.5 4.5 

2090 MAM Mean 1.4 1.0 1.4 1.5 0.0 3.0 

  Median 1.1 0.7 1.3 1.3 -0.9 3.6 

  10
th

 -0.6 -0.7 -0.6 -2.4 -2.3 -1.6 

  90
th

 3.5 3.2 3.5 5.9 3.3 7.0 

2090 JJA Mean 3.7 3.0 4.4 6.0 5.0 7.3 

  Median 3.9 3.4 4.4 6.0 4.9 7.6 

  10
th

 1.3 1.2 2.1 2.9 2.0 3.5 

  90
th

 5.8 4.5 6.8 8.5 8.2 10.9 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 3.0 1.9 4.1 4.6 4.6 5.7 

  Median 2.9 1.4 4.2 4.7 5.0 6.1 

  10
th

 0.9 0.8 2.8 1.5 1.6 3.7 

  90
th

 4.7 3.7 5.3 7.4 7.4 7.4 

2090 Annual Mean 1.9 1.1 2.6 2.9 2.1 4.3 

  Median 1.9 1.3 2.7 2.1 1.8 4.8 

  10
th

 0.7 0.3 1.4 1.0 0.7 1.6 

  90
th

 3.6 1.9 3.7 5.7 4.0 6.6 

 

 

 

Figure 3.12 Eyre Peninsula NRM projected change in seasonal solar radiation for 1961-2100 as downscaled 
from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-year running 
mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. Break and colour 

change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 3.13 Eyre Peninsula NRM projected change in seasonal solar radiation for 1961-2100 as downscaled 
from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-year running 
mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. Break and colour 

change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 3.14 Eyre Peninsula NRM CMIP5 GCM and NHMM-downscaled projected seasonal solar radiation 
changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. The 
wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean solar radiation (with median indicated by 

the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean solar radiation.  

There are large relative changes in VPD projected for the region, particularly for RCP8.5 by the end 
of the century (Table 3.7 and time-series in Figure 3.15 and Figure 3.16, for RCP4.5 and RCP8.5 
respectively). These large relative changes result from the projected combined drying and warming.  

The mean, median and range of changes presented in Table 3.7 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.21 for RCP4.5 and Table B.22 for RCP8.5. 



 

 

Table 3.7 Eyre Peninsula NRM downscaled projected changes in seasonal vapour pressure deficit (% change 
relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 6.3 6.4 7.1 8.1 6.6 9.7 

  Median 5.2 6.3 5.2 7.5 6.3 8.3 

  10
th

 3.1 4.7 3.5 4.1 3.9 5.9 

  90
th

 10.1 8.1 12.6 12.5 9.8 15.0 

2030 MAM Mean 7.4 9.8 4.2 9.3 10.3 7.0 

  Median 7.2 10.0 2.9 7.9 11.1 6.5 

  10
th

 2.0 5.2 1.3 4.2 7.2 2.2 

  90
th

 13.7 14.3 8.4 4.2 12.7 12.5 

2030 JJA Mean 9.0 9.5 8.0 11.6 11.5 10.7 

  Median 9.3 7.8 7.9 11.2 11.6 10.9 

  10
th

 4.6 4.6 5.0 7.7 7.8 6.3 

  90
th

 12.2 16.2 11.2 16.3 15.3 14.9 

2030 SON Mean 10.0 11.8 8.5 12.2 13.2 11.8 

  Median 9.2 10.7 7.9 11.1 12.2 11.5 

  10
th

 7.4 8.5 6.9 8.7 9.5 9.7 

  90
th

 12.4 16.1 10.7 16.0 17.9 14.3 

2030 Annual Mean 7.8 8.9 6.9 9.8 9.8 9.7 

  Median 7.7 8.4 6.3 9.5 9.7 8.9 

  10
th

 4.7 6.2 4.7 7.2 7.9 7.2 

  90
th

 11.3 12.3 9.8 13.5 11.7 13.2 

2050 DJF Mean 9.1 9.1 10.2 13.2 11.8 15.7 

  Median 8.5 8.9 7.7 12.2 10.5 13.7 

  10
th

 5.5 7.5 5.7 8.9 9.5 9.7 

  90
th

 13.3 10.9 17.2 19.6 15.5 23.9 

2050 MAM Mean 10.3 13.1 6.8 14.8 16.2 12.6 

  Median 10.2 13.1 5.7 13.0 17.3 11.1 

  10
th

 3.5 8.5 2.8 8.4 10.7 6.8 

  90
th

 16.1 17.7 11.8 22.9 20.6 19.9 

2050 JJA Mean 12.6 13.3 11.8 18.5 18.2 17.8 

  Median 13.6 11.7 11.6 18.6 18.3 17.8 

  10
th

 7.1 7.9 5.9 11.5 11.7 10.5 

  90
th

 18.1 20.4 17.8 26.6 24.7 25.2 

2050 SON Mean 14.0 15.6 13.2 19.7 21.4 19.0 

  Median 12.8 14.6 13.2 19.3 20.4 18.3 

  10
th

 11.2 11.6 11.0 14.1 15.6 15.2 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 16.8 20.7 15.5 25.0 28.2 23.4 

2050 Annual Mean 11.1 12.2 10.3 15.9 16.1 16.1 

  Median 10.6 11.7 9.4 14.9 15.8 15.1 

  10
th

 8.1 9.3 7.9 11.8 12.8 12.0 

  90
th

 15.0 15.7 13.7 20.2 19.8 21.3 

2070 DJF Mean 11.2 10.6 12.7 19.0 17.9 22.1 

  Median 9.7 10.1 11.0 16.7 16.9 19.4 

  10
th

 7.9 9.3 7.0 12.5 14.1 12.7 

  90
th

 15.0 12.3 20.1 28.6 22.8 34.2 

2070 MAM Mean 12.8 15.1 9.5 21.0 22.9 19.3 

  Median 12.0 16.8 8.3 17.6 24.1 16.8 

  10
th

 5.3 10.7 5.0 12.8 14.2 12.8 

  90
th

 18.2 17.9 15.3 30.8 30.4 28.3 

2070 JJA Mean 15.3 15.1 15.6 27.0 26.9 27.0 

  Median 16.7 14.6 15.1 25.1 26.5 26.8 

  10
th

 9.6 9.9 7.8 16.1 16.5 17.9 

  90
th

 23.1 20.8 23.8 37.1 37.7 36.3 

2070 SON Mean 16.7 17.7 16.8 28.2 30.6 27.8 

  Median 15.4 17.4 17.2 28.1 30.6 28.4 

  10
th

 13.5 13.2 14.1 18.6 21.9 21.6 

  90
th

 20.0 22.5 19.2 34.4 39.5 33.6 

2070 Annual Mean 13.5 14.0 13.3 22.8 23.4 23.5 

  Median 13.4 14.1 12.3 21.7 23.5 21.8 

  10
th

 10.8 11.4 10.7 16.2 17.5 17.8 

  90
th

 16.8 16.7 17.0 29.4 29.4 30.9 

2090 DJF Mean 12.8 11.6 14.6 24.9 24.2 28.8 

  Median 12.2 11.9 14.4 22.5 24.3 25.7 

  10
th

 6.9 7.8 7.1 14.6 18.4 16.5 

  90
th

 18.1 15.3 22.4 36.5 29.9 44.2 

2090 MAM Mean 15.0 17.4 11.8 27.4 30.2 27.0 

  Median 15.0 17.6 10.0 23.7 30.0 23.5 

  10
th

 7.1 14.4 7.0 17.4 17.4 19.1 

  90
th

 20.3 20.1 18.4 43.3 43.2 38.5 

2090 JJA Mean 17.8 16.4 19.5 35.6 36.3 36.3 

  Median 17.4 15.5 17.9 34.1 35.1 36.1 

  10
th

 10.8 11.4 10.4 20.9 21.8 25.0 

  90
th

 26.5 22.2 30.1 48.2 52.0 48.0 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 19.4 19.4 20.3 37.1 40.5 37.5 

  Median 18.7 19.8 20.9 37.2 41.4 39.1 

  10
th

 15.8 14.7 16.8 22.2 27.9 28.2 

  90
th

 23.3 23.8 23.2 45.8 52.2 45.2 

2090 Annual Mean 15.6 15.6 16.0 29.9 31.2 31.5 

  Median 15.8 15.6 15.4 27.8 31.4 29.5 

  10
th

 13.2 13.5 13.2 19.3 22.4 23.9 

  90
th

 17.8 17.7 19.4 40.2 40.0 41.2 

 

 

 

Figure 3.15 Eyre Peninsula NRM projected change in seasonal vapour pressure deficit for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.16 Eyre Peninsula NRM projected change in seasonal vapour pressure deficit for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period.  



 

 

 

Figure 3.17 Eyre Peninsula NRM NHMM-downscaled projected seasonal vapour pressure deficit changes for 
(a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. The wider bars are 
the range in 10

th
 to 90

th
 percentile 20-year mean vapour pressure deficit (with median indicated by the 

horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean vapour pressure deficit.  

Changes in APET, driven by the changes in the downscaled variables above, are summarised in Table 
3.8. Figure 3.18 and Figure 3.19 present the time-series progressions, and together with the 
comparison in Figure 3.20 these show that much larger changes are projected by the RCP8.5 , when 
compared to the RCP4.5, by the end of the century.  

The mean, median and range of changes presented in Table 3.8 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.23 for RCP4.5 and Table B.24 for RCP8.5. 



 

 

Table 3.8 Eyre Peninsula NRM downscaled projected changes in seasonal potential evapotranspiration (% 
change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ 
GCMs.  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 2.2 2.0 2.7 2.7 1.8 3.6 

  Median 2.1 2.1 2.3 2.8 2.0 3.0 

  10
th

 1.3 1.4 1.7 1.8 0.9 2.6 

  90
th

 3.4 2.4 4.1 4.4 2.5 5.4 

2030 MAM Mean 2.4 2.7 1.9 3.1 3.2 3.0 

  Median 2.2 2.3 1.8 3.3 3.1 2.9 

  10
th

 1.1 1.7 0.7 1.6 2.2 1.2 

  90
th

 4.1 4.3 3.2 1.6 4.3 4.8 

2030 JJA Mean 2.7 2.5 2.8 3.5 3.1 3.6 

  Median 2.7 2.5 2.8 3.2 3.2 3.6 

  10
th

 1.5 1.8 1.8 2.0 2.4 2.2 

  90
th

 3.7 3.2 3.8 5.1 3.9 5.1 

2030 SON Mean 3.1 3.3 3.2 3.8 3.6 4.4 

  Median 2.9 3.1 3.2 3.6 3.2 4.3 

  10
th

 2.1 2.3 2.3 2.6 2.7 3.5 

  90
th

 4.2 4.4 4.2 5.4 5.0 5.4 

2030 Annual Mean 2.6 2.5 2.7 3.2 2.7 3.7 

  Median 2.4 2.3 2.6 2.8 2.6 3.8 

  10
th

 1.9 2.0 1.7 2.1 2.0 2.5 

  90
th

 3.6 3.3 3.8 4.5 3.7 4.8 

2050 DJF Mean 3.2 2.7 3.8 4.5 3.3 5.7 

  Median 2.7 2.6 3.4 4.0 3.3 4.8 

  10
th

 2.2 2.3 2.7 3.0 2.1 4.2 

  90
th

 4.3 3.4 5.5 6.6 4.6 8.1 

2050 MAM Mean 3.5 3.8 3.0 5.1 4.8 5.2 

  Median 3.5 3.6 3.0 5.0 4.9 5.3 

  10
th

 1.7 2.5 1.4 3.0 3.3 2.8 

  90
th

 5.5 5.3 4.8 6.7 6.3 7.7 

2050 JJA Mean 4.0 3.7 4.5 6.0 5.3 6.4 

  Median 4.0 3.6 4.7 5.8 5.3 6.5 

  10
th

 2.6 2.8 3.0 3.9 4.1 4.4 

  90
th

 5.4 4.7 5.7 8.1 6.6 8.4 

2050 SON Mean 4.5 4.4 5.0 6.2 6.1 6.9 

  Median 4.1 4.3 5.4 6.1 5.6 7.0 

  10
th

 3.3 3.1 3.8 4.6 4.7 5.6 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 5.9 5.8 5.9 8.3 8.1 8.2 

2050 Annual Mean 3.7 3.5 4.1 5.3 4.6 6.0 

  Median 3.4 3.3 4.2 4.8 4.4 6.1 

  10
th

 2.6 2.9 2.8 3.7 3.6 4.3 

  90
th

 4.5 4.5 5.2 6.9 5.9 7.7 

2070 DJF Mean 3.8 3.1 4.7 6.3 4.9 8.0 

  Median 3.5 3.1 4.1 5.8 4.4 6.5 

  10
th

 2.7 2.4 3.6 4.0 3.7 5.9 

  90
th

 5.0 4.0 6.6 9.1 6.7 11.6 

2070 MAM Mean 4.5 4.7 4.2 7.3 6.7 8.0 

  Median 4.9 4.6 4.1 7.4 6.9 7.9 

  10
th

 2.9 3.6 2.4 4.9 4.9 5.0 

  90
th

 6.0 5.8 6.1 9.0 8.3 11.0 

2070 JJA Mean 5.2 4.7 5.8 8.9 8.2 9.7 

  Median 5.2 4.5 6.1 8.7 8.3 9.9 

  10
th

 3.5 3.8 4.0 6.0 6.4 7.0 

  90
th

 7.2 5.8 7.4 11.3 9.9 12.1 

2070 SON Mean 5.5 5.0 6.5 8.9 8.6 10.0 

  Median 5.1 5.0 6.8 8.9 8.4 10.3 

  10
th

 3.9 3.7 5.4 6.2 6.2 7.9 

  90
th

 7.4 6.4 7.5 11.7 11.2 11.7 

2070 Annual Mean 4.6 4.2 5.2 7.5 6.7 8.7 

  Median 4.2 4.0 5.4 7.0 6.4 8.5 

  10
th

 3.5 3.6 3.9 5.4 5.4 6.4 

  90
th

 5.6 4.9 6.5 9.8 8.4 11.3 

2090 DJF Mean 4.3 3.2 5.5 8.2 6.7 10.5 

  Median 4.4 3.7 4.7 7.6 5.8 8.5 

  10
th

 3.0 1.5 4.3 5.1 5.1 8.0 

  90
th

 5.9 4.6 7.5 11.9 9.2 15.1 

2090 MAM Mean 5.3 5.5 5.2 9.7 8.9 11.1 

  Median 5.5 5.4 5.2 10.1 9.0 11.6 

  10
th

 3.5 4.5 3.2 6.3 6.8 7.2 

  90
th

 7.3 6.8 7.3 12.2 10.9 14.7 

2090 JJA Mean 6.2 5.6 7.0 11.9 11.1 13.3 

  Median 5.9 5.4 7.3 11.1 11.1 13.4 

  10
th

 4.4 4.7 5.0 7.8 8.4 9.5 

  90
th

 8.5 6.7 8.8 15.2 13.8 17.0 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 6.4 5.6 7.9 11.7 11.6 13.3 

  Median 5.8 5.4 8.2 11.9 12.0 13.9 

  10
th

 4.2 4.1 6.5 7.7 8.1 10.1 

  90
th

 8.9 7.3 8.9 16.2 14.7 16.1 

2090 Annual Mean 5.3 4.6 6.3 9.9 9.0 11.8 

  Median 4.7 4.4 6.5 9.4 8.7 11.3 

  10
th

 4.1 3.7 4.9 6.8 7.0 8.7 

  90
th

 6.9 5.9 7.5 13.1 11.5 15.4 

 

 

 

Figure 3.18 Eyre Peninsula NRM projected change in seasonal potential evapotranspiration for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.19 Eyre Peninsula NRM projected change in seasonal potential evapotranspiration for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 3.20 Eyre Peninsula NRM NHMM-downscaled projected seasonal potential evapotranspiration 
changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. The 
wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean potential evapotranspiration (with median 

indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean 
potential evapotranspiration.   

 

3.4 Summary 

Decreases in precipitation are projected for all seasons, and hence annual precipitation also, with 
the greatest relative decreases in spring, followed by summer, for both RCP4.5 and RCP8.5. For the 
second half of the century the scenarios diverge, with larger decreases from RCP8.5. Daily 
temperatures (maximum and minimum) are projected to increase for all seasons. For maximum 
temperature there are slightly larger increases for the spring season corresponding to its increased 
drying relative to the other seasons. For both maximum and minimum daily temperatures, the 
increases for RCP8.5 are larger than RCP4.5 from mid-century onwards. Solar radiation also 
increases for all seasons, with larger relative increases in winter and spring, corresponding to a 
reduction in clouds given their drying trends. VPD also increases in all seasons, notably much more 
for RCP8.5 than for RCP4.5 with double the end of the century relative changes. APET also increases 
in all seasons, with relative increases greater in winter and spring, and again the projected changes 
for RCP8.5 are larger than for RCP4.5. Overall, for all variables and both RCPs, the changes projected 
from a subset of six better performing GCMs are smaller than the changes projected by a subset of 
six poorer performing GCMs. The downscaled projections for each Eyre Peninsula station, provided 
as 100 stochastic replicates of daily time-ǎŜǊƛŜǎ ŦƻǊ ŜŀŎƘ D/a ŀƴŘ w/tΣ ǊŜǇǊŜǎŜƴǘ ΨŀŘŘŜŘ ǾŀƭǳŜΩ ƻǾŜǊ 
direct GCM output as they provide realistic station-scale input series suitable for probabilistic 
impacts and adaptation investigations. Bates et al. (2010), in a report focussing on climate change 
and water allocation, provide a useful summary on the appropriate application of projections in such 



 

 

investigations. CSIRO and Bureau of Meteorology (2014) provides a detailed overview of climate 
change science from an Australian perspective with recommendations on understanding and 
utilising projections. 



 

 

4 Projections for Kangaroo Island 

4.1 Overview 

The Kangaroo Island NRM Region has a temperate climate with most rainfall falling in winter. Annual 
rainfall is higher to the northwest, up to 1000 mm in areas of the Gosse Plateau, and around 400 mm 
around the Kingscote area in the northeast (KINRMB, 2009).  

Ten weather stations were selected for the statistical downscaling model calibration. Their mean 
rainfall characteristics are summarised in Table 4.1, in terms of seasonal mean number of wet-days 
and rainfall totals for the 1986-2005 baseline (representing current climate, this is the period that 
projections are compared to in later results). Annual rainfall totals vary between stations by almost a 
factor of two, ranging from approximately 460 mm (Smith Bay, in the north) to 790 mm (Rocky River, 
in the west).  

The selected downscaling models, for the four seasons, are summarised in Table 4.2. .ƻǘƘ ΨŜŀǎǘ 
Ƴƛƴǳǎ ǿŜǎǘΩ {[t ŘƛŦŦŜǊŜƴŎŜ ŀƴŘ ΨƴƻǊǘƘ Ƴƛƴǳǎ ǎƻǳǘƘΩ {[t ŘƛŦŦŜǊŜƴŎŜ ƻǾŜǊ ǘƘŜ ǊŜƎƛƻƴ ŀǊŜ selected 
ǇǊŜŘƛŎǘƻǊǎ ŦƻǊ ǎǳƳƳŜǊΣ ǿƛƴǘŜǊ ŀƴŘ ǎǇǊƛƴƎΦ CƻǊ ŀǳǘǳƳƴΣ ΨƴƻǊǘƘ Ƴƛƴǳǎ ǎƻǳǘƘΩ SLP difference is a 
selected predictor. DTD at the 700 hPa level is selected for all seasons except spring. DTD at the 850 
level is likewise selected for all seasons except winter. An easterly wind speed predictor (U-wind) is 
selected for autumn and winter, at the 850 and 500 hPa levels respectively. For spring, the fourth 
predictor is northerly wind speed at the 850 hPa level. The mean rainfall characteristics associated 
with the weather states for each of the four seasonal NHMMs are presented in Appendix A, Table 
A.9 to Table A.12. 

 



 

 

Table 4.1   Kangaroo Island NRM Climate Stations for NHMM-Downscaling  

BoM ID Name Latitude Longitude Rain days (# days) Rain amount (mm) 

    DJF MAM JJA SON DJF MAM JJA SON 

22800 
AMERICAN 
RIVER 35.77 137.78 

10 

0.10 

20 

0.21 

43 

0.45 

23 

0.24 

49 

0.09 

107 

0.20 

241 

0.46 

127 

0.24 

22803 
CAPE 
WILLOUGHBY 35.84 138.13 

10 

0.11 

19 

0.20 

42 

0.45 

23 

0.24 

47 

0.09 

104 

0.20 

236 

0.46 

128 

0.25 

22806 

MURRAYS 
LAGOON 
(BAYSIDE) 35.92 137.30 

10 

0.10 

21 

0.22 

42 

0.44 

23 

0.24 

56 

0.11 

110 

0.21 

238 

0.45 

123 

0.23 

22808 
KINGSCOTE 
(KARINGA) 35.82 137.53 

6 

0.09 

17 

0.24 

31 

0.44 

16 

0.23 

44 

0.10 

103 

0.22 

208 

0.45 

103 

0.22 

22811 

SMITH BAY 
(SMITHS 
BAY) 35.60 137.44 

7 

0.09 

15 

0.20 

35 

0.46 

19 

0.25 

46 

0.10 

85 

0.19 

221 

0.48 

104 

0.23 

22815 

PARNDANA 
(PIONEER 
BEND) 35.73 137.26 

10 

0.11 

18 

0.19 

42 

0.45 

23 

0.25 

54 

0.09 

115 

0.19 

299 

0.50 

129 

0.22 

22817 

FLINDERS 
CHASE 
(ROCKY 
RIVER) 35.95 136.74 

11 

0.10 

23 

0.21 

48 

0.44 

26 

0.24 

62 

0.09 

149 

0.21 

349 

0.49 

153 

0.21 

22820 

ROCKY RIVER 
(BROOKLAND 
PARK) 35.89 136.86 

12 

0.10 

26 

0.22 

50 

0.43 

29 

0.25 

73 

0.09 

162 

0.21 

379 

0.48 

175 

0.22 

22822 

MURRAYS 
LAGOON 
(HAWKS 
NEST) 35.90 137.45 

9 

0.10 

19 

0.21 

40 

0.45 

21 

0.24 

53 

0.10 

110 

0.22 

230 

0.45 

117 

0.23 

22835 

PARNDANA 
(TURKEY 
LANE) 35.73 137.12 

11 

0.11 

21 

0.20 

47 

0.45 

25 

0.24 

55 

0.08 

136 

0.19 

357 

0.51 

150 

0.21 

 



 

 

 

Figure 4.1 Location of Kangaroo Island stations in Table 4.1 and NRM region boundary 

 

Table 4.2 Selected NHMMs (number of weather states and predictor combinations) for Kangaroo Island 

DJF MAM JJA SON 

4 states 5 states 5 States 5 States 

East ς West SLP 

North ς South SLP 

DTD at 700 hPa 

DTD at 850 hPa 

North ς South SLP 

DTD at 700 hPa 

DTD at 850 hPa 

U-wind at 850 hPa 

East ς West SLP 

North ς South SLP 

DTD at 700 hPa 

U-wind at 500 hPa 

East ς West SLP 

North ς South SLP 

DTD at 850 hPa 

V-wind at 850 hPa 

 

 

4.2 Precipitation 

The downscaled projected seasonal changes in precipitation (averaged across the Kangaroo Island 
stations and GCM ensembles) are presented in Table 4.3. The corresponding time-series trends are 
shown in Figure 4.2 and Figure 4.3, for RCP4.5 and RCP8.5 respectively, showing much stronger 
trends for RCP8.5. Figure 4.4 shows that overall the downscaled precipitation changes are consistent 
with the mean changes from the GCM grid-scale precipitation.  When comparing downscaled 
changes from the subset of six better and six poorer rated GCMs, there is a general tendency for less 
change for the projections from the better GCM ensemble (Table 4.3 and Figure 4.5).  

The mean, median and range of changes presented in Table 4.3 can be compared to the range of 

changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 

are presented in Table B.25 for RCP4.5 and   



 

 

Table B.26 for RCP8.5. 



 

 

Table 4.3 Kangaroo Island NRM downscaled projected changes in seasonal precipitation (% change relative 
to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ D/aǎΦ  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean -13.1 -8.9 -14.7 -10.4 -1.8 -14.9 

  Median -15.3 -5.3 -17.9 -12.5 -3.7 -15.0 

  10
th

 -24.7 -23.2 -23.8 -21.8 -15.0 -20.7 

  90
th

 2.1 1.8 -2.3 -0.3 13.3 -9.0 

2030 MAM Mean -4.4 -3.0 -5.5 -4.7 -4.9 -5.9 

  Median -2.6 -1.5 -5.7 -2.6 -6.3 -1.9 

  10
th

 -18.4 -14.5 -19.9 -16.2 -12.1 -20.2 

  90
th

 7.3 6.9 9.0 5.2 3.8 4.4 

2030 JJA Mean -3.3 -0.4 -6.5 -5.2 -4.0 -5.7 

  Median -2.6 0.3 -6.5 -5.2 -4.4 -5.0 

  10
th

 -9.3 -5.6 -11.8 -8.6 -8.2 -8.6 

  90
th

 2.6 4.1 -1.3 -1.3 0.6 -3.7 

2030 SON Mean -9.6 -14.5 -8.1 -13.5 -12.5 -15.9 

  Median -10.7 -12.6 -9.6 -14.6 -13.5 -16.2 

  10
th

 -19.5 -20.6 -18.2 -22.4 -20.7 -22.8 

  90
th

 0.6 -10.4 3.5 -4.3 -3.2 -8.7 

2030 Annual Mean -5.8 -4.7 -7.5 -7.3 -5.9 -8.7 

  Median -4.6 -3.6 -9.1 -6.8 -5.9 -7.5 

  10
th

 -10.7 -8.3 -12.3 -12.7 -8.8 -14.0 

  90
th

 -2.2 -2.3 -1.0 -3.6 -3.1 -4.7 

2050 DJF Mean -13.1 -5.5 -18.8 -17.6 -8.8 -23.5 

  Median -10.8 -8.3 -15.3 -18.2 -12.3 -27.7 

  10
th

 -32.1 -18.1 -35.8 -33.0 -27.4 -31.9 

  90
th

 -1.4 9.8 -5.4 -1.7 13.1 -11.0 

2050 MAM Mean -6.7 -4.8 -7.6 -8.6 -6.3 -11.9 

  Median -8.6 -5.2 -7.5 -9.1 -8.3 -10.6 

  10
th

 -13.3 -13.0 -21.0 -22.6 -14.6 -29.0 

  90
th

 4.5 3.9 5.5 4.3 4.0 3.9 

2050 JJA Mean -6.4 -5.5 -6.7 -7.6 -4.5 -8.4 

  Median -7.0 -4.7 -7.4 -6.6 -5.1 -9.3 

  10
th

 -11.7 -10.6 -12.3 -14.2 -7.5 -13.1 

  90
th

 0.1 -1.2 -0.4 -0.6 -0.9 -2.8 

2050 SON Mean -13.8 -15.0 -16.5 -18.5 -21.1 -19.6 

  Median -12.1 -13.9 -15.2 -17.8 -23.8 -20.0 

  10
th

 -24.4 -23.7 -25.4 -32.1 -31.9 -32.0 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 -6.2 -7.6 -8.8 -7.2 -7.6 -6.8 

2050 Annual Mean -8.7 -7.4 -10.0 -11.1 -8.9 -13.0 

  Median -8.5 -7.5 -10.6 -11.7 -8.9 -14.4 

  10
th

 -13.3 -10.2 -15.1 -16.0 -13.9 -19.0 

  90
th

 -4.5 -4.5 -4.5 -5.0 -3.8 -5.6 

2070 DJF Mean -15.4 -7.8 -21.4 -25.1 -16.5 -32.2 

  Median -16.5 -9.9 -21.9 -21.6 -17.3 -35.0 

  10
th

 -28.1 -20.0 -29.3 -44.3 -30.5 -47.3 

  90
th

 -5.5 6.4 -13.1 -5.7 -1.8 -14.2 

2070 MAM Mean -10.8 -8.6 -12.3 -16.3 -10.9 -21.3 

  Median -10.0 -7.5 -11.0 -16.0 -13.7 -22.3 

  10
th

 -23.6 -18.9 -26.1 -26.9 -19.2 -35.1 

  90
th

 0.6 0.6 0.1 -0.6 0.2 -6.5 

2070 JJA Mean -7.1 -5.0 -8.8 -13.6 -10.5 -16.2 

  Median -8.9 -6.0 -9.4 -13.0 -10.1 -16.0 

  10
th

 -16.0 -9.3 -17.7 -23.7 -15.9 -26.4 

  90
th

 2.6 0.4 0.7 -5.4 -5.5 -6.2 

2070 SON Mean -18.2 -19.1 -20.0 -26.8 -27.8 -29.3 

  Median -16.8 -17.3 -23.0 -23.8 -23.7 -25.6 

  10
th

 -28.7 -28.3 -28.4 -41.7 -43.2 -41.3 

  90
th

 -10.0 -11.6 -8.8 -15.2 -16.7 -21.1 

2070 Annual Mean -11.0 -9.1 -13.0 -18.0 -14.8 -21.5 

  Median -13.1 -7.9 -14.5 -14.6 -12.5 -23.7 

  10
th

 -15.3 -13.2 -19.5 -26.4 -22.2 -28.5 

  90
th

 -6.0 -6.2 -5.2 -10.3 -9.7 -12.4 

2090 DJF Mean -16.8 -6.6 -23.1 -30.5 -20.2 -42.6 

  Median -19.4 -6.9 -20.5 -29.8 -27.1 -44.8 

  10
th

 -33.9 -22.7 -33.9 -51.3 -33.9 -55.3 

  90
th

 3.0 9.8 -15.0 -10.3 0.4 -27.6 

2090 MAM Mean -8.2 -7.3 -11.5 -20.5 -15.0 -28.8 

  Median -6.0 -8.2 -11.9 -23.1 -11.8 -26.5 

  10
th

 -16.8 -15.0 -21.7 -38.9 -29.4 -48.7 

  90
th

 2.3 1.2 -1.0 -3.9 -3.9 -11.2 

2090 JJA Mean -6.5 -3.8 -7.9 -17.8 -13.3 -22.5 

  Median -6.9 -5.0 -7.4 -16.8 -14.3 -26.6 

  10
th

 -14.5 -8.3 -17.2 -31.0 -20.0 -31.3 

  90
th

 2.3 1.8 0.8 -6.5 -5.5 -9.6 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean -19.1 -19.5 -21.8 -34.3 -34.8 -40.3 

  Median -18.6 -17.8 -25.8 -30.6 -29.9 -38.5 

  10
th

 -27.5 -26.3 -27.4 -52.1 -48.7 -55.3 

  90
th

 -10.1 -14.4 -12.3 -24.3 -25.9 -27.3 

2090 Annual Mean -10.5 -8.2 -13.0 -23.0 -18.8 -29.5 

  Median -8.9 -8.0 -12.6 -18.7 -16.9 -32.4 

  10
th

 -17.1 -11.3 -19.8 -36.3 -26.4 -39.8 

  90
th

 -5.4 -5.4 -6.7 -13.7 -13.3 -16.3 

 

 

 

Figure 4.2 Kangaroo Island NRM projected change in seasonal precipitation for 1961-2100 as downscaled 
from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-year running 
mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. Break and colour 

change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 4.3 Kangaroo Island NRM projected change in seasonal precipitation for 1961-2100 as downscaled 
from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-year running 
mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. Break and colour 

change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 4.4 Kangaroo Island NRM CMIP5 GCM and NHMM-downscaled projected seasonal precipitation 
changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. The 
wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean rainfall (with median indicated by the 

horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly mean rainfall. 



 

 

 

Figure 4.5 Kangaroo Island NRM NHMM-downscaled projected seasonal precipitation changes from six 
better (B6GCM) and six poorer (P6GCM) performing CMIP5 GCMs for (a) 2030, (b) 2050, (c) 2070 and (d) 
2090 (relative to 1986-2005) for RCP4.5 and RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 

20-year mean rainfall (with median indicated by the horizontal line) and the thin bars are the range in 10
th

 
to 90

th
 percentile yearly mean rainfall. Selection of better and poorer performing GCMs according to Cai et 

al. (2014a) and Cai et al. (2014b). 

 

4.3 Non-precipitation variables 

The projected changes in daily maximum temperature are summarised in Table 4.4, highlighting the 
larger change from RCP8.5 by the end of the century, compared to RCP4.5. These scenario 
differences can be contrasted by comparing the time-series trends for RCP4.5 (Figure 4.6) and 
RCP8.5 (Figure 4.7). Table 4.4 also shows that the ensemble mean of the six better rated GCMs is 
smaller than that of the six poorer ranked GCMs. Figure 4.8 compares the downscaled changes with 
changes obtained from GCM grid-scale output directly, showing that the downscaled results are 
consistent with the forcing GCMs. 

The mean, median and range of changes presented in Table 4.4 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.27 for RCP4.5 and Table B.28 for RCP8.5. 



 

 

Table 4.4 Kangaroo Island NRM downscaled projected changes in seasonal maximum daily temperature (°C 
change relative to 1986-2005 baseline) using 15 CMIP5 GCMs and subsets of six ΨōŜǘǘŜǊΩ ŀƴŘ six ΨǇƻƻǊŜǊΩ 
GCMs.  

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2030 DJF Mean 0.7 0.7 0.8 0.9 0.7 1.1 

  Median 0.6 0.6 0.6 0.8 0.7 0.8 

  10
th

 0.4 0.4 0.5 0.4 0.4 0.7 

  90
th

 1.0 1.0 1.5 1.4 1.1 1.7 

2030 MAM Mean 0.6 0.7 0.6 0.8 0.8 0.8 

  Median 0.6 0.7 0.5 0.7 0.8 0.7 

  10
th

 0.4 0.6 0.3 0.6 0.7 0.5 

  90
th

 0.9 0.7 0.9 0.6 1.0 1.3 

2030 JJA Mean 0.6 0.6 0.6 0.8 0.7 0.8 

  Median 0.6 0.7 0.6 0.7 0.7 0.8 

  10
th

 0.4 0.4 0.5 0.5 0.6 0.6 

  90
th

 0.8 0.7 0.8 1.1 1.0 1.1 

2030 SON Mean 0.8 0.8 0.7 1.0 1.0 1.0 

  Median 0.8 0.8 0.7 0.9 0.9 1.0 

  10
th

 0.5 0.8 0.6 0.7 0.8 0.8 

  90
th

 1.0 1.0 1.0 1.3 1.2 1.4 

2030 Annual Mean 0.7 0.7 0.7 0.9 0.8 0.9 

  Median 0.6 0.7 0.6 0.8 0.8 0.8 

  10
th

 0.5 0.6 0.5 0.6 0.6 0.6 

  90
th

 0.9 0.8 1.0 1.2 1.1 1.4 

2050 DJF Mean 1.0 1.0 1.2 1.4 1.3 1.7 

  Median 0.9 1.0 0.9 1.3 1.2 1.3 

  10
th

 0.6 0.6 0.8 0.9 0.9 1.0 

  90
th

 1.5 1.4 2.1 2.3 1.9 2.8 

2050 MAM Mean 0.9 1.0 0.9 1.4 1.3 1.5 

  Median 0.8 1.0 0.8 1.2 1.2 1.2 

  10
th

 0.7 0.8 0.6 1.0 1.1 1.1 

  90
th

 1.2 1.1 1.2 1.9 1.8 2.2 

2050 JJA Mean 0.9 0.9 1.0 1.3 1.3 1.4 

  Median 0.9 0.9 1.0 1.3 1.3 1.4 

  10
th

 0.6 0.7 0.8 1.0 1.0 1.1 

  90
th

 1.2 1.1 1.1 1.8 1.6 1.9 

2050 SON Mean 1.1 1.2 1.2 1.6 1.7 1.7 

  Median 1.1 1.2 1.1 1.5 1.5 1.5 

  10
th

 0.8 1.1 1.0 1.2 1.4 1.3 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

  90
th

 1.4 1.4 1.5 2.3 2.1 2.4 

2050 Annual Mean 1.0 1.0 1.0 1.4 1.4 1.6 

  Median 0.9 1.1 0.9 1.3 1.3 1.3 

  10
th

 0.7 0.8 0.8 1.1 1.1 1.2 

  90
th

 1.3 1.2 1.5 2.1 1.8 2.3 

2070 DJF Mean 1.3 1.2 1.5 2.1 1.9 2.5 

  Median 1.2 1.3 1.2 1.8 1.8 1.9 

  10
th

 0.7 0.7 0.9 1.4 1.4 1.5 

  90
th

 1.8 1.6 2.5 3.3 2.6 4.2 

2070 MAM Mean 1.2 1.2 1.2 2.0 2.0 2.2 

  Median 1.1 1.2 1.1 1.8 1.9 1.7 

  10
th

 0.9 1.0 0.9 1.6 1.6 1.7 

  90
th

 1.5 1.5 1.6 2.7 2.6 3.1 

2070 JJA Mean 1.2 1.1 1.3 2.0 1.9 2.2 

  Median 1.2 1.1 1.3 2.0 1.8 2.1 

  10
th

 0.9 0.9 1.1 1.6 1.6 1.7 

  90
th

 1.4 1.4 1.5 2.6 2.4 2.8 

2070 SON Mean 1.4 1.4 1.5 2.3 2.4 2.5 

  Median 1.3 1.4 1.4 2.2 2.3 2.2 

  10
th

 1.1 1.2 1.2 1.8 2.0 1.8 

  90
th

 1.8 1.7 1.9 3.2 2.9 3.5 

2070 Annual Mean 1.2 1.2 1.3 2.1 2.1 2.3 

  Median 1.1 1.2 1.2 1.9 1.9 1.9 

  10
th

 0.9 1.0 1.1 1.6 1.7 1.7 

  90
th

 1.6 1.5 1.8 3.0 2.6 3.4 

2090 DJF Mean 1.4 1.3 1.7 2.8 2.6 3.3 

  Median 1.3 1.3 1.5 2.4 2.5 2.5 

  10
th

 0.9 0.8 1.0 1.8 1.9 1.9 

  90
th

 2.1 1.9 2.8 4.4 3.5 5.6 

2090 MAM Mean 1.4 1.4 1.5 2.7 2.8 2.9 

  Median 1.4 1.5 1.4 2.4 2.7 2.4 

  10
th

 1.0 1.1 1.1 2.1 2.2 2.3 

  90
th

 1.8 1.8 1.9 3.7 3.6 4.2 

2090 JJA Mean 1.4 1.3 1.6 2.7 2.6 3.0 

  Median 1.4 1.3 1.5 2.6 2.5 2.8 

  10
th

 1.0 1.1 1.4 2.2 2.2 2.4 

  90
th

 1.7 1.7 1.9 3.5 3.3 3.8 



 

 

PERIOD SEASON  RCP4.5 RCP8.5 

  15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

15 
GCMS 

BETTER 
6 GCMS 

POORER 
6 GCMS 

2090 SON Mean 1.6 1.7 1.7 3.1 3.1 3.3 

  Median 1.6 1.7 1.7 2.8 3.0 2.9 

  10
th

 1.3 1.4 1.5 2.3 2.6 2.4 

  90
th

 2.1 2.0 2.1 4.3 3.9 4.8 

2090 Annual Mean 1.5 1.5 1.6 2.9 2.8 3.2 

  Median 1.4 1.4 1.5 2.5 2.6 2.6 

  10
th

 1.1 1.1 1.4 2.2 2.3 2.4 

  90
th

 1.9 1.9 2.1 4.0 3.6 4.6 

 

 

Figure 4.6 Kangaroo Island NRM projected change in seasonal maximum daily temperature for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP4.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 4.7  Kangaroo Island NRM projected change in seasonal maximum daily temperature for 1961-2100 as 
downscaled from CMIP5 GCMs following RCP8.5. Solid line is median, inner (dark shaded) envelope is 20-
year running mean 10

th
 to 90

th
 percentile, outer (light shaded) envelope is annual 10

th
 to 90

th
 percentile. 

Break and colour change between 2005 and 2006 distinguishes historical and future period. 



 

 

 

Figure 4.8 Kangaroo Island NRM CMIP5 GCM and NHMM-downscaled projected seasonal maximum daily 
temperature changes for (a) 2030, (b) 2050, (c) 2070 and (d) 2090 (relative to 1986-2005) for RCP4.5 and 
RCP8.5. The wider bars are the range in 10

th
 to 90

th
 percentile 20-year mean maximum daily temperature 

(with median indicated by the horizontal line) and the thin bars are the range in 10
th

 to 90
th

 percentile yearly 
mean maximum daily temperature.   

The downscaled minimum daily temperature changes are summarised in Table 4.5, with trends 
plotted in Figure 4.9 and Figure 4.10, showing larger increases with RCP8.5 compared to RCP4.5. The 
downscaled changes are consistent with the GCM grid-scale changes (Figure 4.11). The ensemble 
mean for the six better rated GCMs is consistently smaller than that of the six poorer rated GCMs 
(Table 4.5).  

The mean, median and range of changes presented in Table 4.5 can be compared to the range of 
changes shown in Appendix B, where the changes obtained from downscaling each individual GCM 
are presented in Table B.29 for RCP4.5 and Table B.30 for RCP8.5. 






































































































































































































































































































































































































































































































































































































































































