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Introduction
In current studies of the global climate system and its 
potential changes in the future, Global Climate Models 
(GCMs), which are built on well-established physical 

principles, have shown convincing skill in reproducing 
observed features of current climate and its changes in 
the past. The recent Intergovernmental Panel on Cli-
mate Change (IPCC) Fourth Assessment Report con-
cluded that there is considerable confidence that current 
fully coupled global models can provide credible quan-
titative estimates of future climate change, particularly 
at continental and larger scales (IPCC 2007). However, 
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for many climate change studies, results derived direct-
ly from GCM output are of insufficient spatial and tem-
poral resolutions. The horizontal resolution of GCMs, 
typically   hundreds of kilometres, means that the repre-
sentation of, for example, topography and land surface 
characteristics, is much simplified in comparison with 
reality, with consequent loss of skill in describing de-
tailed characteristics of local weather and climate. As 
the result, a number of methodologies have been de-
veloped for producing more detailed regional climate 
change scenarios for impacts and adaptation studies. 
The primary approaches include statistical downscal-
ing and dynamical downscaling using regional climate 
models. These downscaling techniques are generally 
based on GCM outputs and are able to bridge the gap 
between the information that the current global climate 
models can provide and that required by impacts stud-
ies for developing detailed regional climate change 
response strategies (Wilby et al. 1998; Sun and Ward 
2007; Pal et al. 2007).  
 Benefiting from an Australia-China climate change 
bilateral project (Zhang et al. 2005), in this study we 
report results from a high-resolution regional climate 
model ‘time-slice’ simulation over the Australian con-
tinent, using the same model configuration as used in 
climate change dynamical downscaling in China and 
part of Europe (Giorgi et al. 2004a, b; Gao et al. 2006; 
Gao 2007). The large-scale forcing used in driving the 
regional model is obtained from a high-resolution At-
mospheric General Circulation Model (AGCM) for 
two 30-year periods: the present-day period of 1961–
90 using observed SST and sea-ice condition and the 
future climate period of 2071–2100 based on the SST 
and sea-ice predictions from a fully coupled climate 
model. Such time-slice climate change experiments 
have been widely used (e.g. May and Roeckner 
2001; Coppola and Giorgi 2005). However, except 
for the efforts of McGregor and Nguyen (2007), so 
far, there are few high-resolution (finer than 30 km) 
multi-decade regional model climate change simula-
tions over the whole Australian continent to allow us 
to fully assess such dynamical downscaling skill for 
climate change applications. Therefore, this study 
provides additional valuable information to comple-
ment the regional climate change experiments being 
conducted under the Australian Climate Change Sci-
ence Program using a different regional configuration 
(McGregor and Nguyen 2007). 
 In this paper, after describing the model configu-
ration and experimental design in the next section, 
we then focus on evaluating the regional model per-
formance against high-quality Australian Bureau of 
Meteorology observational data for rainfall, surface 
temperature and evaporation. In subsequent sections 
we not only assess the model skill in simulating mean 
climatology, but also evaluate if the model can repro-

duce interannual variability in the region and statisti-
cal distributions of key surface climate variables. The 
overall model performance over the Australian conti-
nent is then summarised. In a separate paper, we will 
focus on discussing climate change results from this 
regional climate model downscaling study.

 
Model description, experimental 
design and validation data
Figure 1 is the schematic diagram of the experimental 
design conducted in this study. It uses a regional cli-
mate model for offering high-resolution regional simu-
lations. This model (RegCM; Giorgi et al. 1993a, b) is 
maintained and further developed at the Abdus Salam 
International Center for Theoretical Physics (ICTP) 
as discussed by Giorgi and Shields (1999) and Pal et 
al. (2004 and 2007) (the version used here, RegCM3, 
is available at http://www.ictp.it/~pubregcm). Sur-
face processes are represented by the Biosphere-
Atmosphere Transfer Scheme (BATS) (Dickinson et 
al. 1993), and boundary-layer physics are formulated 
following the non-local vertical diffusion scheme of 
Holtslag et al. (1990). Convective precipitation is rep-
resented using a mass flux scheme, while radiative 
transfer is computed using the radiation package of the 
National Center for Atmospheric Research (NCAR) 
Community Climate Model. This modelling system 
has been widely used in a large number of regional 
modelling studies (Pal et al. 2007). 
 In this study, the global atmospheric model used 
for providing lateral boundary forcing for driving 
RegCM3 is from the National Aeronautics and Space 
Administration/National Center for Atmospheric Re-
search (NASA/NCAR) finite-volume element AGCM 
(hereafter named as FVGCM). Detailed model features 
have been well documented in Coppola and Giorgi 
(2005). This global model includes a mass-conserving 

Fig. 1 Schematic diagram showing the model experi-
mental design employed in this study.
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finite-volume element dynamical core and the model 
physics is essentially that of the NCAR Community 
Climate Model (version CCM3) except for the cloud 
radiation scheme from Sud and Walker (1999).  
 The FVGCM experiments, used for generating 
large-scale forcing data to drive RegCM3 in this study, 
were conducted at a horizontal resolution of 1° lati-
tude by 1.25° longitude and 18 vertical levels. Such a 
resolution is relatively high compared to most global 
models currently used for climate change applica-
tions. Its control experiment was forced by observed 
sea-surface temperature (SST) and sea-ice distribution 
from the Hadley Centre Global Sea Surface Tempera-
ture Analysis (HadSST) for the 1961–90 period and 
with observed greenhouse gas concentrations (Coppola 
and Giorgi 2005). For its climate change experiment, a 
spatially varying monthly SST perturbation, calculated 
from corresponding transient experiments with the 
Hadley Centre coupled model HADCM3 (Jones et al. 
2001; Johns et al. 2003), was added to the values used 
in its control experiment. The perturbation was calcu-
lated as the average monthly mean difference between 
the model simulations for the period of 2071–2100 us-
ing the IPCC Special Report on Emissions Scenarios 
(SRES) A2 scenario (IPCC 2000) and for 1961–90. 
Coppola and Giorgi (2005) did comprehensive analyses 
of FVGCM time-slice experiments in tropical regions 
and found that the FVGCM reproduced rainy season 
climatologies reasonably well in both their mean and 
interannual variability characteristics, except that the 
South Asia summer monsoon did not penetrate far 
enough inland. The climate change scenarios simulated 
by FVGCM over selected tropical regions were also 
discussed in Coppola and Giorgi (2005). The FVGCM-
RegCM has been used over other domains of the world 
to conduct high-resolution simulations (e.g. over North 
America by Diffenbaugh et al. (2005), over East Asia 
by Gao et al. (2007), and over South Asia by Moetasim 
(personal communication)).
 As shown in Fig. 2, the RegCM3 domain in this 
study is centred at 25°S and 130°E and has 278 points 
in the latitude direction and 318 points in the longitude 
direction with 20 km resolution. The Lambert Confor-
mal projection placed the grid corners at 0°N, 105°E 
(northwest); 0°N, 155°E (northeast); 42.5°S, 90°E 
(southwest); and 42.5°S, 170°E (southeast). A six-hour-
ly one-way nesting is performed to couple FVGCM 
with RegCM3 in the experiments of this study.
 When evaluating the regional model skill in repro-
ducing detailed characteristics of Australian climate, 
the Australian Bureau of Meteorology (BoM) ob-
served rainfall and temperature 0.25° by 0.25° grid-
ded monthly and daily data-sets, described by Lavery 
et al. (1997) and Trewin (2001) are employed in the 
analysis. Given that surface evaporation plays a key 
role in surface energy and water processes, the BoM 

evapotranspiration climatology (Wang et al. 2001) is 
also used in evaluating the model surface evaporation. 
It must be pointed out that the evaporation data is a de-
rived product using the formulation of Morton (1983) 
and observed meteorological forcing (precipitation, 
temperature, radiation, etc.), together with observed 
river discharge and observed precipitation in a cali-
bration designed to conserve surface water balance. In 
the analysis, we have re-gridded the model data into 
the same 0.25° by 0.25° resolution when calculating 
statistics such as biases and correlations etc. between 
the model results and observations. 

Surface climatology 
Rainfall
Rainfall climatologies derived from the model control 
run and the observed data are shown in Fig. 3 for Janu-
ary and July. In January, the northern continent and 
east coastal regions are dominated by the Australian 
summer monsoon system which delivers heavy rain-
fall over these locations. In contrast, the inland and 
southern parts of the continent receive limited rainfall. 
The detailed spatial pattern of summer rainfall distri-
bution is well captured by the control experiment, such 
as the extent of monsoon rainfall and relatively high 
rainfall along the eastern coastal region. Such detailed 
features cannot be realistically simulated by coarse-
resolution global climate models. Note that although 
both the observed and model data are re-gridded to the 
same resolution (0.25° by 0.25°), the high-resolution 
observational data actually originated from station 
data, which are often in much coarser spatial coverage 
compared with the regional model’s 20 km by 20 km 
resolution. Thus the model results in Fig. 3 and some 

Fig. 2  RegCM3 experimental domain in this study.
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Fig. 3 Rainfall climatology from RegCM3 simulations and BoM observations for the period of 1961-1990 in both Janu-
ary and July, as well as the model mean biases. Unit: mm month-1. In the calculations, the model outputs are 
re-gridded to the same 0.25° by 0.25° resolution as in the observational data.
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of the following figures appear to be spatially noisier 
than the patterns derived from the observational data. 
To contrast the skill of the regional model against 
global climate models, the model-ensemble aver-
aged rainfall climatology from 17 IPCC AR4 coupled 
models is displayed in Fig. 4, bearing in mind that the 
model ensemble often exhibits better skill than each 
individual model. Although the overall rainfall pattern 
is simulated reasonably well by such global models, 
they often lack skill in reproducing detailed local fea-
tures such as the heavy rainfall belt along the coasts as 
shown in the regional model experiment.    
 In addition to the spatial rainfall pattern, the model 
summer rainfall mean biases are also illustrated in Fig. 
3 after re-gridding the model data to the same resolu-
tion (0.25° by 0.25°). The model overestimates summer 
rainfall by 20-50 mm month-1 over most of the conti-
nent. While there are many factors which can influence 

the regional model rainfall simulations, one outstand-
ing factor appears to be the overestimations of summer 
monsoon rainfall in the global model FVGCM which 
drives RegCM3. Results from Coppola and Giorgi 
(2005) showed excessive summer monsoon rainfall 
simulation in both Australian and Asian summer mon-
soon seasons. Such undesirable features in the large-
scale forcing data driving the regional model would be 
expected to lead to the rainfall overestimation in the 
regional model. In the central-south inland region and 
part of South Australia, rainfall is slightly underesti-
mated by around 10 mm month-1. Over Tasmania, the 
model does not show a west-east rainfall contrast as 
observed and consequently illustrates a large negative 
bias in the west of the island. Nevertheless, the magni-
tudes of the model biases are smaller than those seen 
in most uncoupled or coupled global climate models 
(Zhang et al. 2002; Moise et al. 2005). 

Fig. 4 IPCC AR4 model-ensemble (17 models used) rainfall (mm month-1) and surface temperature (°C) climatology. 
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 The satisfactory model skill in simulating detailed 
characteristics of Australian winter rainfall distribu-
tion is clearly shown in Fig. 3. With the retreat of 
the monsoon system to the northern hemisphere, the 
northern part of the continent has its dry season in 
the austral winter with most of the region receiving 
rainfall of less than 20 mm month-1. In contrast, both 
the southwest of Western Australia and southeastern 
parts of the continent receive their maximum rainfall 
of above 50 mm month-1. These seasonal changes are 
well captured by the model. Furthermore, a number 
of localised observational features are very well re-
produced in the model. For instance, along the Great 
Dividing Range, the most substantial mountain range 
in the Australian continent, the topographically in-
fluenced rainfall distribution is captured in the high-
resolution regional model, including both the position 
and magnitude of the observed heavy rainfall belt. The 
west-east rainfall gradient in Tasmania is also properly 
reproduced. Overall, the winter rainfall mean biases 
against the observations are mostly less than 20 mm 
month-1. Again, this kind of model skill is not seen 
from global climate models (Fig. 4(b)).
 Furthermore, in Fig. 5(a), we have calculated spa-
tial correlations between the model simulation and the 
observations of the rainfall seasonal patterns. First, 
high spatial correlations between the two mean clima-
tologies suggest the model has good skill in simulat-
ing detailed Australian rainfall patterns, dominated by 
significant north-south gradients. The averaged corre-
lation coefficient reaches above 0.8 in nearly all the 
months and higher correlations (above 0.9) are seen 
in summer (shown by the solid line without symbols). 
Furthermore, in order to assess whether the model is 
skilful in reproducing the rainfall distributions in ad-
dition to the meridional gradient, we have performed 
another spatial correlation by removing the zonal av-
erages first from the monthly means before calculation 
of the spatial correlations. Results are shown in Fig. 5 
as solid lines with open circle symbols. Results con-
firm that the model is skilful in recapturing the spatial 
rainfall distributions in the Australian continent, with 
correlations remaining above 0.7 in all months.  
 In Fig. 6, we further demonstrate the model skill in 
simulating rainfall seasonal cycles over a number of 
selected regions. Averaged over the whole continent, 
Fig. 6(a) suggests the model can reasonably reproduce 
the observed rainfall seasonality, with high precipita-
tion in the austral summer due to heavy monsoon rain-
fall (Fig. 6(b)) in the tropics. Nevertheless, the model 
has a positive bias of about 40 mm month-1 in the 
summer season (Fig. 6(a)). Such biases are lower than 
most of those reported in atmospheric models (Zhang 
et al. 2002) and coupled climate models (Moise et al. 
2005). The high-resolution simulation further allows 
us to conduct a detailed examination over selected key 

regions where rainfall is very likely to be affected by 
global warming as discussed in the Climate Change 
in Australia 2007 report (CSIRO and the Bureau of 
Meteorology 2007). Figure 6(c) shows the rainfall 
seasonal cycle area-averaged over the southwest of 
Western Australia (hereafter referred as SWWA) with 
a spatial coverage of 114°E to 120°E and 36°S to 30°S. 
Observations show a rainfall peak in the austral win-
ter season (May to August) and very low rainfall in 
its summer months (less than 20 mm month-1). The 
model is able to simulate the rainfall winter peak, 
but it overestimates summer rainfall. Together with 
the underestimation of winter rainfall, it leads to the 
double peak seen in Fig. 6(c). Averaged over a region 
covering most of the Murray-Darling Basin (hereafter 
referred as MDB with a spatial domain of 141°E to 
153°E, 37°S to 28°S), observations in Fig. 6(d) tend 
to suggest a weak seasonal cycle with higher rainfall 
in the summer months. This feature is enlarged in the 
regional model run with a seasonal cycle in phase with 
that observed, but having a larger magnitude. The rain-
fall bias in MDB, about 20 mm month-1 in summer 
and less than 10 mm month-1 in winter, is, overall, less 

Fig. 5 Spatial correlations of mean climatology from 
RegCM3 simulations and observations. The 
solid lines with open circles represent the spa-
tial correlations calculated after removing zon-
al averages first from the mean climatologies.  
(a) Rainfall; (b) Tmax; (c) Tmin.
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than seen in SWWA. By and large, the rainfall seasonal 
cycle is reasonably reproduced in this high-resolution 
regional model. It therefore allows us to study the po-
tential impacts of future climate changes on rainfall 
seasonal variations in the continent, an important issue 
for climate change studies.

Surface temperature
Rather than showing separate results for daily maxi-
mum (Tmax) and minimum (Tmin) surface tempera-
tures, the mean daily surface temperature climatology, 
calculated as the mean of Tmax and Tmin for both 
observed and modelled data-sets, is shown in Fig. 
7. In January, high surface temperature dominates a 
large part of the continent, with the majority of inland 
regions reaching 30°C. Lower surface temperature 
is observed along the east coasts and Great Dividing 
Range. The model is skilful in simulating such varia-
tions, with the observed spatial pattern being well re-
produced. Figures 5(b) and (c) show that the overall 
surface temperature spatial pattern correlations ex-
ceed 0.9 for most of the year. After removing the zonal 

means, the spatial correlations between the model-
simulated and observed structures are still above 0.8 
for Tmax and 0.7 for Tmin. The overall bias in January 
is less than 2°C, except for the monsoon region where 
the model has a cold bias above 2°C, largely due to 
the overestimations of rainfall in the region. In con-
trast, the inland as well as west coastal regions show a 
positive bias of about 2°C. The warm bias is also con-
sistent with the negative rainfall biases shown in Fig. 
3. Again, such temperature biases are well within the 
lower range of global model simulation errors (Zhang 
et al. 2002). As shown in Fig. 4(c), current global 
model results cannot describe the detailed local and 
regional features of surface temperature distributions. 
The significant value of such dynamical downscaling 
is therefore apparent.
 Similarly, the Australian winter surface tempera-
ture is also satisfactorily simulated. The model, in 
general, shows lower biases than in January. Most of 
the continent has a bias less than 2°C, except for the 
western part of the continent where the model shows 
cold biases above 2°C. Such model skill in describing 

Fig. 6 Area-averaged rainfall seasonal cycles simulated (solid) and observed (dashed) for: (a) the whole Australian 
continent; (b) tropical Australia (15°S to 10°S); (c) SWWA (114°E to 120°E and 36°S to 30°S; (d) MDB (141°E to 
153°E, 37°S to 28°S). unit: mm month-1.
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Fig. 7 Mean climatology and biases as in Fig. 3 but for surface temperature (°C).
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detailed local and regional features is far above most 
global models (Fig. 4(d)). Comparing with the results 
in January, we further notice that the spatial pattern of 
surface temperature biases in July does not agree well 
with the model rainfall biases (Fig. 3). For instance, 
the model has a dry rainfall bias in the southwest part 
of the continent in July but at the same time shows 
cool surface temperature biases. A possible expla-
nation for these results is that in the summer, when 
surface radiation is high, the surface energy balance 
is mainly constrained by water limits and variations 
in surface temperature are tightly linked to rainfall 
variations. In contrast, in the winter season, surface 
energy balance is controlled by both water and energy 
constraints, and therefore the model temperature and 
rainfall biases are less coherent and are more influ-
enced by land-surface parametrisations. Indeed, as 
shown later, in this season the surface evaporation is 
overestimated in the model as seen in many global 
model simulations (Zhang et al. 2002).
  Figure 8, showing results of area-averaged surface 
daily maximum temperature (Tmax), further suggests 
that the seasonality of area-averaged surface tem-
perature is simulated reasonably well over the whole 
continent and over a number of selected regions. In 
most cases, the model shows negative biases, which 

are consistent with the overestimation of rainfall in the 
model control run. The cold bias is particularly true 
for the winter season, with about 4°C over SWWA and 
MDB. Compared to Tmax, the seasonal cycle of daily 
minimum surface temperature (Tmin) is better simu-
lated (not shown) with much lower biases throughout 
the year. Such results are understandable because 
Tmax is more influenced by the surface energy parti-
tion which is largely dominated by soil water content 
(Zhang 2004). Therefore, Tmax shows a larger error 
than Tmin, caused by the model rainfall errors. 

Surface evaporation
The model skill in simulating surface evaporation, a 
critical variable linking surface energy partition and 
water partition, is also evaluated against observational-
based surface evaporation products derived by the Bu-
reau of Meteorology (Wang et al. 2001).  Figure 9 shows 
the model climatology compared with observations. In 
January, the detailed spatial patterns of evaporation 
distribution are captured in the model. Nevertheless, 
largely due to the model rainfall overestimation (Fig. 
3), surface evaporation is overestimated over the sum-
mer monsoon rainfall region and along the east coasts. 
The overall root mean square error (RMSE) averaged 
over the whole continent is about 25 mm month-1, 

Fig. 8 Area-averaged seasonal cycle as Fig. 6 but for surface temperature (°C).
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Fig. 9 Mean climatology and biases as in Fig. 3 but for surface evaporation (mm month-1).
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which is in the lower range of the AGCM model errors 
analysed by Zhang et al. (2002). Over large parts of 
the MDB, which is a critical area for studying climate 
change impacts on Australian agriculture, the model 
error is generally less than 10 mm month-1. 
 In July, the model overestimates surface evapora-
tion along the east coasts. Comparing with model rain-
fall error, the area where evaporation is overestimated 
is larger than the area where the model shows rain-
fall overestimations. For instance, the model rainfall 
is slightly underestimated in the western part of the 
tropics, while surface evaporation is overestimated in 
the same region. The possible reasons contributing to 
such conflicting results could include the land-surface 
scheme used for representing surface energy and wa-
ter partitions in the model, with results from Zhang et 
al. (2002) showing that a majority of AGCMs showed 
similar overestimation of surface evaporation in the 
austral winter. Such overestimations in surface evapo-
ration also explain why the model simulates cool bi-
ases where the rainfall is underestimated.  
 The model skill in simulating the surface evapora-
tion seasonal cycle is illustrated in Fig. 10. By and 
large, the model shows satisfactory skill in captur-
ing the observed seasonal cycle over the continent 

and some selected regions. The error in summer in 
SWWA is largely a result of rainfall overestimation 
(Fig. 6(c)). Given that surface evaporation is a large 
term in the surface water partition for the Australian 
continent, with a large part of rainfall being lost as 
evaporation in this dry continent, results from Fig. 10 
give us some confidence in conducting detailed stud-
ies on the consequences of climate change for water 
resources in this region.

Interannual variability
With the 30-year high-resolution model data, we have 
also further assessed whether the regional model can 
reproduce high-resolution Australian surface climate 
interannual variability. Figure 11 displays the standard 
deviation of precipitation simulated in January and 
July, compared with observed results. Results in both 
months suggest the model can simulate the interannual 
rainfall variability with reasonable skill. In January, the 
spatial pattern of rainfall variation is captured by the 
model, including large monsoon rainfall variations in 
the northern part of the continent, but the magnitude 
is overestimated by about 20 mm month-1 over a large 

Fig. 10 Area-averaged seasonal cycle as in Fig. 6 but for surface evaporation (mm month-1).
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Fig. 11 Monthly mean standard deviations of rainfall from RegCM3 simulations and observations for the period of 
1961-1990 in both January and July, as well as the model error. Unit: mm month-1.
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part of the western continent and inland areas of the 
Great Dividing Range. This is in part because the mod-
el overestimates rainfall in the same regions. Along the 
east coast, the model underestimates the rainfall vari-
ability by 10-20 mm month-1. In July, rainfall varia-
tion is well captured with a slight underestimation by 
about 10 mm month-1 over a large part of the eastern 
continent. Overall the model errors in simulating rain-
fall variations are relatively low, roughly 10 per cent of 
the magnitude of the observed interannual variability 
in both months.
 A large number of studies have documented the 
features of Australian temperature and rainfall varia-
tions (Power et al. 1998; Jones 1999; Drosdowsky and 
Chambers 2001). Here, we have done a simple analy-
sis to explore if the model can reproduce the observed 
spatial coherence of Australian rainfall and tempera-
ture variations. Firstly, we calculate an area-averaged 
rainfall time series over an arbitrarily chosen area of 

145°E to 148°E and 33°S to 30°S. Then, we calculate 
the correlations of this time series to the rainfall time 
series over each grid location of the continent. Figure 
12(a) and (b) shows such a correlation map from the 
model-simulated and observed data-sets. The model 
is able to reproduce the observed patterns very well, 
showing distinct relationships between rainfall varia-
tions in the eastern part of the continent compared to 
the west.
 Similar results are also shown for surface tempera-
ture analyses. Figure 13 shows the monthly standard 
deviation of Tmax in the model data and as observed.  
In January, the overall pattern resembles what is de-
rived from observations by showing larger variations 
in the north and inland regions, as well as part of the 
area around the Great Dividing Range. The model 
tends to overestimate the Tmax interannual varia-
tions by 0.5 to 2°C, particularly in the northern part 
of the continent with the error exceeding 2°C. The 

Fig. 12 Correlations between rainfall and temperature area-averaged in the area of 145°E to 148°E and 33°S to 30°S to 
the rest of the continent: (a) rainfall correlation from RegCM3 simulation; (b) rainfall correlations from observa-
tions; (c) as (a) but for Tmax; (d) as (b) but for Tmax.
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Fig. 13 As Fig. 11 but for surface temperature (°C).
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pattern of such differences does not agree well with 
the differences seen in the rainfall results (Fig. 11) 
which prompts us to attribute them to the land-sur-
face parametrisation used by the model. Zhang (2004) 
showed that land-surface parametrisations can have 
significant impacts on model-simulated surface tem-
perature variability in the region. The results in July 
are much better than in January, with both the patterns 
and magnitudes well reproduced and the model er-
ror in general less than 0.5°C. The much more coher-
ent feature of surface temperature variations is seen 
in both observed and model-simulated results in Fig. 
12(c) and (d), although the model gives a slightly 
lower Tmax coherence than the observed results in 
the northern part of the continent. 

Rainfall and temperature daily 
distributions
It has been widely appreciated that possible changes 
of weather and climate extremes are one of the key 
areas in conducting local and regional climate change 
studies (IPCC 2007). In this analysis, we examine the 
model skill in reproducing observed features of dai-
ly climate statistics by analysing the histograms, an 
approximation of probability distribution functions 
(PDF), derived from 30-year daily data from both ob-
servations and model simulations. To obtain a gross 
feature of the model skill, in the current analysis we 
simply do area-averages over selected regions first 
and then derive the PDFs for each region. We have 
not removed the seasonal cycle for this analysis and 
we expect to conduct more thorough analysis in this 
area in the future. 
 Figure 14 shows the daily rainfall distributions over 
MDB and SWWA. Firstly, the overall PDF curves re-
semble each other, but the model tends to simulate 
less light rain (<0.3 mm day-1) than observed. Mean-
while, the model has a higher frequency of generating 
moderate rain events than in observations. The skill 
of the model in reproducing the long tails in rainfall 
PDFs, representing rainfall extremes, is satisfactory. 
The model rainfall PDF over SWWA agrees well with 
observations, although the model also has fewer light 
rain events than observed. Overall, the model skill in 
reproducing the observed rainfall PDF is quite encour-
aging and has the potential to allow us to further study 
the potential responses of local weather and climate 
extremes to global warming.
 The same analysis for daily Tmax and Tmin is 
also pursued. Figure 15 exhibits the Tmax PDFs for 
the MDB and SWWA regions. Over both regions, 
the shapes of Tmax PDFs are very similar between 
modelled and observed, except that there is a surface 

temperature bias in the model simulations. The double 
peaks in these PDFs reflect the significant seasonal 
variations of surface temperatures. In the future when 
conducting detailed analysis of the model-simulated 
climate extremes, results will be analysed season by 
season. Similarly, the Tmin PDFs are satisfactorily 
simulated by the model (Fig. 16), except that the mod-
el tends to have higher probability in simulating lower 
values of Tmin. Nevertheless, PDF analysis of both 
Tmax and Tmin suggests the regional model is skilful 
in simulating surface temperature daily statistics. 
  

Conclusion and discussion
As part of the effort in the Australia-China climate 
change bilateral project (Zhang et al. 2005), we have 
been able to conduct a regional model high-resolution 
climate simulation over the whole Australian continent, 
using the same set-up as used in a set of regional climate 
model studies in China and parts of Europe (Giorgi et 
al. 2004a, b; Gao et al. 2006; Gao 2007). As the region-
al model used in this study has a completely different 
configuration from the one being used within the Aus-
tralian Climate Change Science Program (McGregor 
and Nguyen 2007), results from this study will provide 
complementary value for exploring the application of 
regional climate model dynamical downscaling for cli-
mate and climate change studies in this country. 
 The ICTP RegCM3 (Giorgi et al. 1993a, b; Giorgi 
and Shields 1999; Pal et al. 2004, 2007) is used in this 
study. Here, 30-year regional model integrations use a 
global forcing data-set provided by the NASA/NCAR 
finite-volume element AGCM (FVGCM) experiments 
of Coppola and Giorgi (2005). The regional model has 
20 km by 20 km horizontal resolution which enables 
us to conduct detailed assessment of the model skill in 
simulating current climate characteristics at the local 
and regional scale. As far as we are aware, there are 
few such high-resolution multi-decadal regional model 
integrations over the whole Australian continent. In this 
study, we have focused on assessing the model skill 
in simulating observed Australian climate using high-
quality Australian Bureau of Meteorology rainfall and 
temperature data-sets, together with a surface-evapora-
tion climatology based on observational forcing data.
 In the analysis, we have explored the model skill 
in three areas. The first is how well the model can re-
produce the observed surface climatology and if the 
model can capture some locally driven features. Then, 
we have assessed how skilful the model is in simu-
lating climate variability in the region and the spatial 
coherence seen from observations. Finally, we have 
conducted preliminary analysis to explore whether the 
model has skill in simulating daily climate statistics 
using 30-year daily data.
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 Overall, the model results are encouraging. De-
tailed features in the observed rainfall distributions 
are well simulated in the model, including the ex-
tent of monsoon rainfall in summer, the winter rain-
fall maximum in the southwest of Western Australia 
(SWWA) and the topographically driven high rain-
fall belt along the Great Dividing Range. The spatial 
correlations between observed and model-simulated 
high-resolution rainfall distributions are about 0.8 to 
0.9. Nevertheless, the model tends to overestimate 
monsoon rainfall by 20 to 50 mm month-1, a feature 
seen in the global model FVGCM. The overestima-

tion does affect the model-simulated surface tempera-
ture climatologies. Analysis of surface temperature 
suggests that its spatial patterns and detailed distribu-
tions at local and regional scales are reasonably simu-
lated in the model, but the model has about a 2°C cold 
bias in the summer monsoon region due to the rain-
fall overestimation. Despite the rainfall dry biases in 
some regions, the model often has cool biases in these 
regions in winter. Such results are associated with the 
overestimation of winter surface evaporation in the 
model. In addition, we have also shown that the rain-
fall and temperature seasonal cycles are, in general, 

Fig. 14 Probability Distribution Functions (PDFs) of daily rainfall derived from 30-year observed and model-simulated 
daily data over MDB and SWWA.
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reasonably simulated over selected regions including 
SWWA and the Murray Darling Basin (MDB) except 
that the summer rainfall over SWWA is overestimated 
and therefore the model shows a double-peak in the 
seasonal cycle. In addition, both the surface evapora-
tion climatology and its seasonal cycle are reasonably 
simulated in this high-resolution experiment. Again, 
the model evaporation bias is largely a result of the 
rainfall bias but part of it may also be caused by the 
land-surface model used in the regional model. The 
model skill in simulating detailed climate features 
over Australia is, by and large, significantly better 
than the results directly taken from current coupled 
climate models used in the IPCC AR4 assessment, 
as well as a number of other global model analyses 
(Zhang et al. 2002; Moise et al. 2005).
 In the second part of the analysis, the model skill 
in simulating climate interannual variability has been 

explored. The model gives satisfactory skill in captur-
ing the observed climate variability in the region, with 
the error in rainfall variations about 10 per cent of ob-
served magnitudes. Nevertheless, surface temperature 
variations are overestimated in  summer, partially due 
to the overestimation of the mean itself. The spatial co-
herence of rainfall and surface temperature variations 
across the continent is well captured by the regional 
model. The overall results give us encouragement for 
employing such a modelling approach in studying the 
potential impacts of global warming on climate vari-
ability at local and regional scales.
 Finally, we have reported preliminary results in 
analysing 30-year daily data to investigate the poten-
tial of the model in simulating climate extremes in 
the region. Over selected regions, including SWWA 
and MDB, the model is skilful in reproducing the pat-
terns of observed probability distribution functions of 

Fig. 15 As Fig. 14 but for Tmax.
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rainfall, Tmax and Tmin, except that the model tends 
to show a lower probability of producing light rain 
(<0.3mm day-1) events and a higher probability of 
producing low values of Tmin.
 In summary, the model has demonstrated encour-
aging skills in producing detailed climate informa-
tion at a resolution of 20 km by 20 km. Despite some 
model deficiencies shown in this study, such as the 
overestimation of rainfall from the regional model and 
its consequences in affecting surface temperature and 
evaporation simulations, results suggest that employ-
ing a regional climate model dynamical downscaling, 
together with statistical downscaling (e.g. Timbal 
2004), can provide meaningful information at lo-
cal and regional scales to meet the needs of climate 
change impacts and adaptation studies. 
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