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Significant rainfall declines have been observed across musbubtiern Australia over the
last 30 years or so. Strong declines have occurred in thb-Bst of Australia (SWA) in
the late 1960s and in the South-East of Australia (SEA) sincmithd990s. These regions
(displayed in Fig. 1 with the network of high quality rainfalltistas used) share a common
winter rainfall regime with peak rainfall occurring from Wtrough October. In both SWA
and SEA, the reduction of rainfall has mainly occurred in thiy gart of the rainfall season
(May-June-July), while rainfall in the latter half of theasen (August-September-October)
has remained close to the long-term average. Becauddsotidécline, most cities in the
southern half of the continent are facing some form of matertage. The rainfall declines in
SWA and SEA have been linked to large-scale circulati@amges that bear resemblance to a
shift towards the high phase of the Southern Annular Mode (SAijace pressure has
increased across southern Australia and the extra-tropical jet had stufeward.

Fig. 1: Network of high quality rainfall stations in SWA (left) and SEA (right).

Climate models, when forced with observed and projected trendatiafopogenic
atmospheric forcings, are readily able to simulate thesgetscale changes. However,
simulation of the accompanying rainfall changes is a ctgdldar the current generation of
climate models, which do not represent the observed chaséctepf the local rainfall with
sufficient accuracyCommon problems in modelled rainfall are the lack of intensdalhi
events, too widespread rainfall events in time and space, anactheflsmall-scale features
(McAvaney et al. 2001)-or example, in SWA, rain statistics averaged over the dpigtity
network of stations, using the GCM nearest grid box tonesé stations values (Table 1), are
reproduced for two General Circulation Models (GCMs): theREMcoupled model (Power
et al.,, 1998) and CSIRO Mark2 model (Gordon and O’Farrel, 1997). Despittall
occurrences being in excess of the observed values (CSIROsmindeoth season and
BMRC model in Winter), the models underestimate total rdimabWA: about 50% by the
CSIRO model and between 20% in winter and 70% in spring by the@Model. At station
level, the underestimation can be larger where orographicaited local maxima are not
captured. The sharp variation in rainfall amount at the tiphef Australian continent is
difficult to capture with climate models having limited riegimn and only six grid points to
cover the region. This gradient is quantified using the ratiod®n three stations in the far
SW corner (Katanning, Dwellingup and Manjimup) and three statiotisefumland in the
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NE (Mount Magnet, Menzies and Wongan). This gradient is twéc&m@e in spring as in
winter. Both models fail to reproduce this ratio. The BMR@del, which does not simulate
any penetration of moisture over the continent, overestintatesatio, while the CSIRO
model underestimates it.

Table 1: Reproduction of the observed fraction (in %) of rain days, total amount, SW
to NE rainfall gradient from the BMRC and CSIRO models in May to July and August
to October rainfall seasons; using direct model outputs (left) and the downscaling
technigue (right).

BMRC model CSIRO model
MJJ ASO MJJ ASO
Rain days (%) 106.4 / 104.1 60.1 / 92.7 112.3 / 96.5 119.2 / 885
Total rainfall (%) 82.3 / 107.1 28.5 / 90.2 48.1 | 93.7 57.1 / 85.3
SW/NE gradient (%) 130.0 / 109.1 196.7 | 86.7 36.4 / 121.2 33.3/ 76.7

Rather than use rainfall simulated directly by climate modet¢shave developed a statistical
method, based on the idea of analogous synoptic situations.

Fig. 2 Schematic of the analogue approach.

The method exploits the ability of the model to simulatedascple fields reasonably
well and uses relationships between patterns of variomespheric fields with station
records of rainfall to improve the simulation of the locainfall spatial variability. The
technique is first developed on a sub-set of observed predictamtiseanalysis of the
predictors and then cross-validated on a different sub-stgrpbly following a climate shift
to test the ability of the technique to reproduce non-staitgnair the climate system. The
technique is then applied to a range of GCM simulations (&ig.The “downscaling”
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technique relies on a combination of synoptic (generally MesnlL&vel Pressure — MSLP)
and moisture related atmospheric fields (Precipitable Waterge-tale rainfall).

As a result, the model shortcomings described earlier aimy beduced, the
downscaling of the two GCMs gives area mean rainfall estisn within 10% of the
observation, with only a dry bias in spring, due to the underastimof rain occurrences.
Furthermore, the downscaling approach gives a reasonable testifnhe rainfall gradient
across SWA (Table 1). Further than the improvement of ledalall statistics, the technique
was able to reproduce observed rainfall declines when appliedntwsghieric re-analyses
computed for the last 50 years for both SWA (Timbal, 2004) & @imbal and Jones,
2005).

The awareness of the importance of early winter rdih&s risen following the past
declines in both SWA and SEA, Therefore, the technique was usefétdhe likely impact
of climate change on rainfall in this two regions. The main conclusies
- All the climate model projections used in these studies (BMddd CSIRO models

discussed earlier as well as the coupled model from the ltabverale Météorologie

Dynamique- LMD-) point toward a further rainfall decline over the cgnai@ntury.

The magnitude of the projected future rainfall decline variessiderably amongst
models. It is, overall of the order of magnitude of the past raitdaline.

While the recent observed decline is restricted to Mayly future projections suggest
that future rainfall decline will not be limited to this pefibut will affect the entire

southern “wet season” from May to October.

Fig. 3: Future rainfall decline projected by downscaling three GCMs for May to July
(upper) and August to October (lower) in SEA (above the lines) and in SWA (below
the lines)

It is anticipated that the projected rainfall declines witipact on the reservoir
inflows in both regions. An attempt was made to define in bothscas May to October
rainfall level corresponding to a high run-off level whewe-off is very likely to be larger
than the annual consumption and hence contribute to replenish theirss&imilarly, low
run-off years, where the inflow is unlikely to meet the demniading to a further depletion
of the water level in dams, were defined. These levels diffetween SEA and SWA and
where estimated differently in both cases (see the releef@tences for details: Timbal
2004; Timbal et Jones 2005). Due to the high inter-annual variability,anticipated that
both type of years will be experienced in the future as itthesase in the past, but climate
change is likely to impact on the probabilities of occurre@eerall (Table 2), across both
regions, the percentage of low (high) runoff years is expdotéucrease (decrease) due to
climate change. As per rainfall, this increase is model depenidenbverall, the signal is
larger than for rainfall. This is consistent with previossmeate of the impact of the rainfall
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decline in SWA where it was shown that a 10% reduction in railefhlio a 40% reduction in
inflow.

Table 2: High and Low runoff years (in percent) as projected using the downscaling
of three GCMs (see text for details) for current and future climate. Similar value are
indicated from the past 40 years before and after the rainfall decline observed in the
two regions.

Observation BMRC model CSIRO model LMD model
Prior decline Post Now Fut. Clim. Now .FDiim. Now Fut. Clim.
High in SEA 50% 0% 30% 25% 40% 25% 40% 10%
Runoff
Years in SWA 70% 40% 40% 10% 35% 10% 25% 0%
Low in SEA 10% 40% 5% 10% 10% 25% 20% 25%
Runoff
Years in SWA 5% 5% 0% 15% 0% 25% 5% 25%

Finally, an attempt was made to attribute the observed Hailgfeine to past large-
scale forcing of the climate systems. This study (Timball.e 2005) was limited to SWA
where the rainfall decline encompasses a longer period. Ifoussl that external natural
forcings (i.e. solar variability and volcanic eruptions) dé explain the rainfall decline in
SWA. On the contrary, anthropogenic large-scale atmospheric fer@inggreenhouse gases,
aerosols and ozone) were very likely to have contributetthddSWA rainfall decline. It is
likely that localized anthropogenic influences (i.e. land cle@@h may have been an
additional factor contributing to the rainfall decline in SWBue to the short time period
since the marked rainfall decline in SEA, a true attribustoidly was not attempted; however,
the recent rainfall decline in SEA is broadly consistent with climadmge scenarios.
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