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Abstract

The technique described by Watterson (2008) has been used to provide regional projections for the Murray–Darling Basin and Victorian catchment regions. The results of project 2.2.3a have been used to refine this technique by varying the weightings applied to the different climate model results. Several alternative weighting schemes have been used and the resulting probabilistic distribution functions (PDFs) have been compared.
Significant research highlights, breakthroughs, and snapshots

The results for the median, 10th, and 90th percentile changes show that some alternative weighting schemes yield little differences, while the more extreme weighting schemes (which effectively involve ignoring some model results) lead to significant differences. In general, the better-performing models tend to yield drier projected changes, especially towards the southern part of the Basin. 
While the results of Smith and Chandler (2009), suggested that a severe down-weighting, or even exclusion of poorly performing models would tend to shift the derived PDFs towards the drier end of the spectrum, we see relatively little change for more northern points compared to more southern points. This may be because the original PDFs represent scaled results, assuming an exponential relationship, for a 1 degree warming and are calculated on different grids and include uncertainties due to different emissions. There is also a slight difference introduced by the use of different resolution grids when generating an average for the MDB region. The changes are greatest in the southern region and previous results appear to have included several grid boxes extending into this zone. We see some evidence of this effect in the case of Mildura, where the median shifts slightly (from -3% to -6%) and where the probability of an increase in rainfall decreases by about a factor of 3. This reflects the fact that the better performed models are more in agreement about changes to be expected in the south compared to those in the north. 
While the PDF approach is useful, it is unclear whether it is the optimum method for estimating future changes, or whether it is somewhat too conservative. The study by Smith and Chandler (2009) used a completely different approach and demonstrated a distinct difference in the estimates when poorer performing GCMs were omitted. This cannot be discounted. Furthermore, if we take into account the fact that observations continue to indicate a drying trend, that similar then it becomes less and less likely that those models which project increases can be regarded as reliable. i.e. rather than selecting just the better performing GCMs, it may be time to also weight towards those climate models which yield trends similar to those presently observed. 
To summarize, the PDF results may be too conservative, based as they are on an exponential scaling of the rainfall changes as a function of global temperature. The technique described here focuses on the actual changes simulated by the models at the end of the century. The resultant tendency towards the drier results is consistent with global scale patterns of change from GCMs, is consistent with a tendency towards more “El-Nino-like” conditions simulated by many GCMs and is consistent with a poleward shift in the large scale circulation as has recently been observed. It is also consistent with the observed drying trends over recent years. Consequently, while the PDF approach leads to relatively wide range of projections, there is sufficient evidence to expect that those at the drier end of the distribution are more likely.

Summary of methods and modifications (with reasons)

The calculation of probabilistic results for the SEACI region follows the method used for the CSIRO and BoM (2007) Technical Report (Climate Change in Australia, CCA). This is described in detail in Watterson (2008). The main development (specific for SEACI) has been the testing of alternative model-weighting schemes. Following CCA, the range of global warming sensitivities simulated by CMIP3 models was represented by a probability distribution function or PDF. For each scenario for GHG and each time in the coming century, the mean of the PDF matched that given by the IPCC AR4. For the new results, the focus is the warming to 2070 under the A1B scenario. The mean global warming for this case is +2.2oC. The PDF ranges from +1.1oC to +3.4oC, with a 10th percentile value of +1.6oC and a 90th percentile value of +2.8oC. 

The weighting of models in the calculations is the same for all quantities, seasons, and locations. The original CCA weightings, labelled “1”, were based on the average M-skill scores calculated using surface temperature, mean sea level pressure, and rainfall over Australian land points, across the four seasons. These are given, together with model names, in Table 1. 
As described in Watterson (2008), the calculation of rainfall changes for some point in time (or for some prescribed global warming value) was originally performed using a linear scaling theory for rainfall in terms of percentage change from the mean calculated over the period 1961–1990. However, this linear approach can produce unrealistically low (even negative) net rainfall for the warmer climate when the scaled changes take the form of decreases. An alternative method is to assume that rainfall decreases exponentially.
For SEACI, five alternative weighting schemes (denoted by M, S, 3, 5and 6) were considered:

· M involved calculating the weightings as for “1”, except over the MDB domain only. This introduces only a relatively small difference in the derived PDFs. 

· S is based on the Smith and Chandler (2008) assessment of model skill. The weightings are either 1.0, 0.5 or 0.25 depending on the GCM’s ability to simulate rainfall across Australia across the four seasons. These differ significantly from the original values. 
· 6 is the same as S except the weightings are1.0 for the best 5 performing models and zero for the remainder.
· 3 is the same as “1” except that the weightings are calculated on Australian rainfall only

5 is the same as “3” except that the weightings are calculated over south-eastern Australia only.

Table 1.  Models used, a three-letter code (which provides the order), the resolution of the model (a representative grid-square side length), a simple skill score (average M times 1000), and the inferred global mean warming (in K) from 2000 to 2100 under A1B. Models which use some form of flux adjustment are denoted by * after skill
	
	Model IPCC I.D.
	Origin
	Code
	km
	Skill
	Warming

	a
	GFDL-CM2.0
	Geophys. Fluid. Dyn. Lab., USA
	2_0
	198
	671
	2.98

	b
	GFDL-CM2.1
	Geophys. Fluid. Dyn. Lab., USA
	2_1
	198
	672
	2.53

	c
	MRI-CGCM2.3.2
	MRI, Japan
	2_3
	248
	601*
	2.52

	d
	Mark 3.5
	CSIRO Marine and Atm. Res.
	3_5
	169
	607
	3.17

	e
	GISS-AOM
	NASA Goddard Institute, USA
	aom
	307
	564
	2.02

	f
	BCCR-BCM2.0
	Bjerknes Centre, Norway
	bcr
	169
	590
	NA

	g
	IPSL-CM4
	IPSL, France
	cm4
	272
	505
	3.19

	h
	CNRM-CM3
	France
	cnr
	169
	542
	2.81

	i
	UKMO-HadCM3
	UK Meteorological Office
	dcm
	273
	608
	3.12

	j
	GISS-EH
	NASA Goddard Institute, USA
	e_h
	397
	304
	2.08

	k
	GISS-ER
	NASA Goddard Institute, USA
	e_r
	397
	515
	2.12

	l
	UKMO-HadGEM1
	UK Meteorological Office
	gem
	139
	674
	3.47

	m
	MIROC3.2(hires)
	JAMSTEC, Japan
	hir
	98
	608
	4.31

	n
	FGOALS-g1_0
	IAP, China
	iap
	248
	639
	2.77

	o
	INM-CM3.0
	Inst. Numer. Math., Russia
	inm
	397
	627*
	2.40

	p
	MIROC3.2(medres)
	JAMSTEC, Japan
	med
	248
	608
	3.35

	q
	ECHO-G
	MIUB, Germany/Korea
	miu
	346
	632*
	2.97

	r
	CSIRO-Mk3.0
	CSIRO Atmospheric Research 
	mk3
	169
	601
	2.11

	s
	ECHAM5/MPI-OM
	MPI, Hamburg, Germany
	mpi
	169
	700
	3.69

	t
	PCM
	NCAR, USA
	pcm
	248
	506
	1.96

	u
	CCSM3
	NCAR, USA
	sm3
	124
	677
	2.47

	v
	CGCM3.1(T47)
	Canadian CCMA
	t47
	248
	518*
	2.47

	w
	CGCM3.1(T63)
	Canadian CCMA
	t63
	168
	478*
	3.03


In each case, the model results were interpolated to a common 1( grid (indicated in Figure 1). Results were only given for a grid point if at least half the models had valid data from a model land grid square. At each valid point, the individual model PDFs for trends (in units of percentage change of rainfall per degree of global warming) were combined using the specified weighting to form a smooth PDF for local scaled change (as in CCA). This PDF was then combined with the global warming PDF to give the “net change” PDF. 
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Figure 1. Location of points where PDFs have been generated.

Statement of results, their interpretation, and practical significance against each objective

The results are presented as a series of PDFs for 5 selected points across the Murray–Darling Basin (as indicated in Figure 2). 
In general, there is not a large change in the PDFs based on M values (curves “1”, “3”, “M”, and “5”). Furthermore, there is very little difference between any of the PDFs for the more northern sites (Armidale, Dubbo, and Tenterfield) compared to the more southern sites of Canberra (Fig 2b) and Mildura (Fig 2d). As expected from the results of Project2.3a, the move away from the original weightings toward a more severe weighting scheme (which penalises some models) tends to shift the projected changes towards the drier end of the spectrum. In the case of Canberra, the original median value of about –2% shifts to –5% when only 5 GCMs are considered. At the same time, the 10th percentile value increases slightly from –14% to –13%, while the 90th percentile value decreases slightly from +6% to +4%. However, the chance of there being an increase at all decreases by about one-third. In the case of Mildura, the median values shifts from about –3% to –6%, and while the 10th percentile value changes very little, the 90th percentile value decreases from +8% to only +2%.
Summary of links to other projects

This project builds on the results of project 2.3.a which identified the potential for significant changes to projected PDFs.
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Figure 2.  PDFs (projected percentage change in rainfall) for selected points: (a) Armidale, (b) Canberra, (c) Dubbo, (d) Mildura, and (e) Tenterfield. The different weighting scemes (1, M, S, 6, 3 and 5) are described in the text above.
Publications arising from this project

Watterson, I.G. (2008). Calculation of probability density functions for temperature and precipitation change under global warming. J. Geophys. Res. 113: D12106, doi:10.1029/2007JD009254.

Smith, I.N. and Chandler, E. (2009). Refining rainfall projections for the Murray–Darling Basin of south-east Australia – the effect of sampling model results based on performance. Climatic Change (in press).
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Project Milestone Reporting Table

	To be completed prior to commencing the project
	Completed at each Milestone date

	Milestone description

	Performance indicators

	Completion date
	Budget4 for Milestone


	Progress


	Recommended changes to work plan



	Apply the improved technique to pro​jections of rainfall, temperature, and potential evaporation for the MDB and the CMA regions of Victoria
	Production of scenarios
	30/062008
	$110k
	Completed
	Nil

	Document the results
	Produce a report and publish the scenarios
	30/06/2008
	$18k
	Report produced.

Paper submitted
	Nil


Application of new techniques for generating regional projections of rainfall, temperature, and potential evaporation
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