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Abstract. The Weather Research and Forecast (WRF) model was run over South-east
Australia from 1985 through 2008. The model used the following physics schemes: WRF
Single Moment 5-class microphysics scheme; Rapid Radiative Transfer Model longwave
radiation scheme; Dudhia shortwave radiation scheme; Monin-Obukhov surface layer
similarity; Noah land-surface scheme; Yonsei University boundary layer scheme and KainFritsch cumulus physics scheme. The model simulation uses boundary conditions from the
NCEP/NCAR reanalysis with an outer 50km resolution nest and an inner 10km resolution nest.
Both nests used 30 vertical levels. In order to assess WRF's potential for use in investigating
the current and future climate, the simulation is evaluated against gridded surface temperature
and precipitation observations created as part of the Australian Water Availability Project
(AWAP). The WRF simulation is found to reproduce the climate of the south-east Australian
coast reasonably well. WRF was able to improve on the climate produced by the NCEP/NCAR
reanalysis (NNRP) which provided the boundary conditions for the WRF simulation.
Investigation of the time series of precipitation anomalies show that WRF is able to capture the
recent drought in the SE Australia. While the overall time series captured the drought well, the
spatial patterns associated with the anomalies produced by WRF differed from those found in
the AWAP dataset. Further work will investigate the reasons for these spatial differences as
well as WRF's performance at shorter time scales.

1. Introduction
The south-east coast of Australia contains most of the nation's population. It contains the largest
mountain range and is significantly impacted by events in the nearby ocean. In some areas this coastal
region is only a few tens of kilometres wide. Due to these factors, understanding of the current and
future climate of the South-east coast of Australia is both important and difficult. A high resolution
Regional Climate Model (RCM) simulation has been performed that will be used to address various
climate related issues for the region. Initial evaluation of this simulation is presented here.
2. Regional Climate Model
The Weather Research and Forecast (WRF) model is developed and maintained at the National Center
for Atmospheric Research in the USA. WRF was run over SE Australia from November 1984 through
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2008. The first two months of the simulation are considered spin-up and are not used in the subsequent
analysis. The model used the following physics schemes: WRF Single Moment 5-class microphysics
scheme; Rapid Radiative Transfer Model longwave radiation scheme; Dudhia shortwave radiation
scheme; Monin-Obukhov surface layer similarity; Noah land-surface scheme; Yonsei University
boundary layer scheme and Kain-Fritsch cumulus physics scheme. The model simulation uses
boundary conditions from the NCEP/NCAR reanalysis project (NNRP) with an outer 50 km resolution
nest and an inner 10 km resolution nest that covers SE Australia (see Figure 1). Both nests used 30
vertical levels. Data from the NNRP are on a 2.5° grid.

Figure 1. Regional climate model terrain (10km resolution) for south-east Australia. The Murray and
Darling basins and the south-east coast are outlined in red.

3. Observations
Observations used for evaluation come from the gridded dataset prepared as part of the Australian
Water Availability Project (AWAP). Details of creation of this dataset can be found in [1]. This
dataset includes precipitation, maximum and minimum temperature, and vapour pressure surfaces
obtained by interpolating surface station measurements onto a 5km grid. Solar radiation is derived
from satellite measurements. Various surface hydrology parameters, such as soil moisture and runoff,
are obtained using the WaterDyn hydrology model driven by the AWAP meteorological variables. The
temperature increases from the high country in the south of the south-east coast region toward the
north. The northern end of the coast has a strong precipitation maximum in summer (followed by
autumn) while the southern end has a weak precipitation maximum in winter.
4. Statistical measures
Many different statistical measures have been used previously to test the performance of climate
models quantitatively. An analyses of the suitability of several of these measures can be found in [2,3].
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In this paper the model performance is evaluated against observations using several statistics including
the bias


 −O
(1)
Bias= M

 is the mean of the modelled values and O is the mean of the AWAP observations. The
where M
Root Mean Square Error (RMSE) is given by
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where N is the number of observed, O, and modelled, M, values being compared. Here N is the
number of WRF grid cells in the domain. Climatological values are used in calculating RMSE.
In order to quantitatively evaluate the spatial agreement between model and observations, Walsh
and McGegor [4] define the pattern correlation (3), ρp, between observed and simulated fields simply
as the correlation of a series of data points from the observed field with corresponding values from the
modelled field at a fixed time, in this study monthly means are used.
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The anomaly correlation, ρa, is similar to the pattern correlation except that fields are replaced by
anomalies from climatology. The anomaly correlation provides a more rigorous test of whether the
model can capture the spatial pattern of interannual variations. Both the NNRP and AWAP data are
interpolated to the WRF grid using inverse distance weighting.
5. Results
5.1. Precipitation and Temperature
Figure 2 shows the difference in seasonal temperature between the simulations and AWAP
observations. The reanalysis (NNRP) fails to capture the topography of the Great Dividing Range and
hence overestimates temperatures there while WRF is much better at capturing temperatures in that
region. Also note that the NNRP generally underestimates temperatures in the low land regions
especially in summer. WRF generally performs better at capturing the temperatures in the north
though it also contains a summer cold bias. WRF also overestimates the temperatures in the southern
coastal region, particularly in winter. This overestimation is inherited from the NNRP boundary
conditions but WRF has decreased the warm bias compared to NNRP. These results are reflected in
Table 1 which presents averages or sums in time of the spatial statistics. It can be seen that on an
annual basis WRF overestimates temperatures in the SE coast by only 0.08K while NNRP
overestimates them by 1.02K. WRF produces significant improvements in root mean square error
(RMSE), pattern and anomaly correlation over NNRP.
Figure 3 shows the seasonal precipitation differences between the simulations and the AWAP
observations. It can be seen that NNRP significantly underestimates the precipitation in the high
country in the south in all seasons while WRF produces a much better estimate of precipitation in this
area, though containing a small summer overestimate. NNRP also tends to overestimate in the north
during Summer and Autumn. WRF demonstrates a better performance in this situation however it
tends to underestimate in this area during Autumn. Table 1 shows that WRF produces improvements
over NNRP in all statistics in the south-east coast. That is, the precipitation distribution produced by
WRF significantly enhances that produced by its driving model (NNRP).
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Figure 2. Differences in seasonal 2 m temperature.

Figure 3. Differences in seasonal precipitation.

Table 1. South-east coast monthly statistics compared to AWAP.
Temperature (°C)

Precipitation (mm)

WRF

NNRP

WRF

NNRP

Bias

0.08

1.02

1.65

-12.5

RMSE

0.83

2.04

13.87

21.56

Pattern Correlation

0.95

0.8

0.68

0.62

Anomaly Correlation

0.27

0.13

0.49

0.36

5.2. ENSO cycles
Much of south-east Australian precipitation is affected by ENSO to some extent. Using the Niño 3.4
index [5], months are defined as warm (El Niño), neutral or cool (La Niña). Warm months have an
index greater than 0.5, while cool months have an index less than -0.5. Using this definition warm
events are spread evenly through the year (average is 10) while slightly more (less) cool (neutral)
events occur in summer compared to winter (average is 7). Figure 4 shows the mean precipitation over
all warm months for AWAP, WRF and NNRP. WRF improves on the general trend of a precipitation
decrease across the south-east coast, with the largest decreases seen in the northern NSW coast and the
NSW-Victoria coastal border and highlands region. Figure 5 Shows the equivalent figure for the cool
precipitation anomaly. Again WRF does a good job of reproducing the anomaly associated with cool
events with a general increase in precipitation throughout the coast. It also captures the maximum
increase along the Queensland-NSW coastal region though not with the same intensity as that seen in
the observations.
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Figure 4. Precipitation anomalies during warm
months.

Figure 5. Precipitation anomalies during cool
months.

5.3. The recent drought
Monthly precipitation anomaly time series (12 month running average) averaged over the SE
Australian coast region can be seen in Figure 6. The recent drought can be clearly seen with an
extended period of negative anomalies extending from 2002 through to 2007 in both the AWAP
observations and the WRF simulation. Similar low rainfall years occurred in 1991 and 1994 and were
simulated well. WRF did not simulate the short dry period in 1997 as well. Overall WRF agrees quite
well with the AWAP data in terms of producing below average rainfall. It is worth noting that WRF
also does a good job of capturing the variability of the anomaly within the recent drought period with
some years being considerably drier than others in agreement with the observations.
The spatial distribution of the precipitation anomalies are shown in Figure 7. There are differences
in the distribution of precipitation anomalies though they are of similar size.

Figure 6. Precipitation anomaly time series (12 month running average).
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Figure 7. Precipitation anomaly during the recent
drought (2002 to 2006 average minus the long term
mean).

6. Conclusions
The regional climate model WRF was run for 24 years over SE Australia. The climate simulated by
WRF was generally an improvement over that produced by the NNRP despite the fact that WRF does
not assimilate any observations while NNRP does. WRF was able to reproduce the inter-annual
variability reasonably well. This includes capturing the recent severe drought. While the overall
magnitudes and time evolution of precipitation anomalies were captured well, the spatial distribution
of these anomalies differed from that observed. WRF provides a significant improvement in capturing
the spatial signature of ENSO related precipitation anomalies compared to the reanalysis. Further work
will investigate the causes for these spatial differences as well as investigate shorter time-scales from
monthly to daily.
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