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Australian east coast lows are severe weather events that involve synoptic and sub-
synoptic-scale processes. As such, it is of interest to examine the sensitivity of
numerical simulations both to model formulation, and to model resolution.

. In this study, two models were used: a version of the current operational regional
model (RASP) of the Australian Bureau of Meteorology that contains an improved
representation of the boundary-layer processes; and the non-hydrostatic mesoscale
model of the UK Meteorological Office (UKMO) which was designed specifically
for very high resolution prediction.

The RASP model was run at three different horizontal resolutions: 150 km (the
current operational resolution), 50 km and 15 km. The UKMO model was run only
at 15 km, which is within its design range.

The east coast low of 31 July-2 August 1990 was chosen for the sensitivity study.
Large gains in accuracy were obtained in the RASP model simulations as the
resolution was increased. This was true of all key variables including mean sea level
pressure, low-level wind field strength and structure, and rainfall amounts and dis-
tribution. However, the RASP model simulations at 15 km were beginning to show
some signs that the convection scheme was not appropriate for such high resol-
utions. The UKMO model simulation was generally of similar quality to the RASP
model forecasts, but was slightly superior in the depiction of rain-band shape and
coastal wind values.

In summary, it is clear from the simulations that increasing the resolution of RASP
leads to improved forecasts of Australian east coast lows. However, an equally
important finding is that the improvement cannot go on indefinitely as at very high
resolutions the representation of some physical processes in the model should be
designed specifically for use at these high resolutions.

Introduction

A major weather-related cause of damage in
Australia is flooding. Storms of many kinds con-
tribute to this problem, including severe convec-
tive storms, tropical cyclones and synoptic-scale
depressions. Of particular importance to the east
coast is a class of depressions known as east coast
lows. Holland et al. (1987) identified three types
of east coast low, of which the second was by far
the most common, producing one or more major
flooding events per year. Their analysis found that
these systems are most common in late winter and
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early spring, and develop within a slow-moving
trough in the subtropical easterly flow near east-
ern Australia, which is known there as an ‘easterly
dip’. A mid-tropospheric cut-off cold pool
normally lies to the west of the developing trough.
The east coast low develops within the trough and
moves southwards along the coast. At the same
time, anticyclonic development occurs to the
south resulting in a strengthened easterly gradi-
ent. Where this impinges on the Great Dividing
Range of southeastern Australia, heavy rainfall
occurs. Within the synoptic-scale low, a subsidi-
ary warm core centre with hurricane-force winds
may be observed. .

The aims of this study are two in number. The
first is to examine the performance of a research
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version of the current operational RASP as the
horizontal resolution of the model is improved.
The research version contains an enhanced rep-
resentation of physical processes, particularly of
the boundary-layer turbulent transports. Model
simulations with the research RASP are carried
out at the current operational horizontal resol-
ution of 150 km, and also at 50 km and 15 km.
The second aim is to compare the RASP simu-
lations with those of the UKMO mesoscale model
which was designed specifically to operate at very
high resolutions, and also is non-hydrostatic.
Here, the interest centres on the impact of model
formulation, especially in relation to assessing
how appropriate the RASP model is at very high
resolutions (20 km or less) and for complex sys-
tems like east coast lows where moist physical
processes play a crucial role.

Previous numerical studies (Leslie et al. 1987;
Hess 1990; Mclnnes and Hess 1992), using ver-
sions of the Australian Bureau of Meteorology’s
regional forecasting system (RASP), have shown
that development of the synoptic-scale system can
be well predicted, and that rainfall accumulations
increase towards the observed values as the resol-
ution is refined. In the present study, simulations
of one such storm using the RASP model are com-
‘pared with a 15 km resolution simulation using a
version of the United Kingdom Meteorological
Office (UKMO) mesoscale model. Analysis of the
results concentrates on assessing three aspects: the
accuracy of the UKMO simulation; the benefits of
using a purpose-built model for such high resol-
utions; and the benefits of fine resolution (15 km)
relative to that currently used operationally
(150 km). The models are described in the next
section. Then follows a description of the event
used for the study. The model results are pre-
sented and discussed in the final two sections.

Model descriptions

The Bureau of Meteorology regional forecasting
system (RASP)

RASP has been used in several previous studies of
east coast lows. Here we use the form described
in McInnes and Hess (1992). The adiabatic
formulation, described in Leslie et al. (1985), is
hydrostatic with a terrain-following (o) vertical
coordinate, and uses a semi-implicit time inte-
gration. In the present experiment, fourteen levels
are used at o values of: 0.999, 0.99, 0.98, 0.95, 0.9,
0.85, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1. Surface
exchanges are computed using Monin-Obukhov
similarity theory, with a three-layer soil model
(Louis 1984) defining the moisture availability at
the surface. The surface temperature is computed
using a surface heat budget in which the radiation
is computed using Paltridge and Platt (1976 ch. 6)

and the soil heat flux is obtained from a three-
level soil model similar to Louis (1984). A level
2.25 turbulent diffusion scheme based on
Galperin et al. (1988) is used for boundary-layer
diffusion. This scheme predicts turbulence as a
function of shear, buoyancy and dissipation, but
makes no allowance for subgrid-scale conden-
sation and evaporation. The mixing length is diag-
nosed from the turbulence profile. Precipitation
in the model can be either stable or convective,
but not both at the same grid-point (Hess 1990).
The distinction depends on the conditional stab-
ility of the grid column. Stable precipitation
occurs when the humidity exceeds 90 per cent for
all model runs, and condensate falls directly to the
ground with allowance for evaporation following
Kessler (1969). The deep convection scheme is
based on Hammarstrand’s (1977) modification of
the Kuo (1965) scheme. )

In the experiments described here, RASP was

- first run on its operational domain with a resol-

ution of 150 km for 48 hours from an initialisa-
tion valid at 2300 UTC 30 July 1990. During the
first 24 hours, predicted fields were nudged
towards 12-hourly analyses, which is a standard
data assimilation procedure for reducing ‘spin-
up’ at the beginning of a model forecast. The re-
sults for the second 24 hours are described later.
They also provide the initial and boundary con-
ditions for the finer resolution experiments with
both models. In these experiments, RASP was run
on a 52X 52 grid on a Lambert Conformal projec-
tion with resolutions of 50 km and 15 km, the
latter being the finest that could be accom-
modated. In both runs, initial conditions were
adjusted to fine-scale orography derived from the
NCAR 5X5’ latitude - longitude data set. The
sea-surface temperatures were obtained by
interpolation from a 150 km resolution monthly
climatology.

The UKMO mesoscale model
The second model used in this study is the latest
version of the United Kingdom Meteorological
Office (UKMO) mesoscale model. This is a
fully compressible, non-hydrostatic atmospheric
model with parametrisations of subgrid-scale
processes developed specifically for mesoscale
resolution. It uses height as the vertical co-
ordinate. The model’s adiabatic formulation is
described in Golding (1992a). In order to over-
come the timestep restrictions imposed by an
equation set that supports sound waves, a semi-
implicit time integration is used in which the
linearised sound and gravity wave equations are
treated implicitly with an explicit forcing from the
non-linear terms. To further improve stability
with long timesteps, advection is treated using a
third order semi-Lagrangian scheme (Staniforth
and Cote 1991).

Turbulent diffusion is parametrised using a
level 2.5 scheme as described in Ballard et al.
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(1991). This scheme predicts turbulent kinetic
energy as a function of shear, buoyancy and
dissipation. The buoyancy terms allow for

subgrid-scale- condéiisatioinand “evaporation.” A’

by-product of the scheme is specification of the
mean and variance of the subgrid-scale relative
humidity, from which an estimate of cloud frac-
tion is obtained. Rain and ice are generated by
microphysical interactions within the cloud and
are then advected separately. The parametrisa-
tion is derived from Cox (1988) but with ice cloud,
snow and graupel combined. The faster acting
microphysical processes are treated implicitly and
a special treatment of the vertical fluxes permits
timesteps longer than the time of fall through each
layer.

A five-band long wave radiation scheme (Roach
and Slingo 1979) and a single-band short wave
scheme (Somieski 1988) are used, with modifi-
cation to incorporate the detailed cloud fraction
and density information generated in the turbu-
lence and microphysical parametrisations. A two-
layer soil scheme is coupled to the surface heat
budget and atmospheric fluxes are obtained from
pre-computed Monin-Obukhov transfer func-
tions as a function of Richardson Number and
roughness length. Charnock’s formula (Charnock
1955; Wu 1982) is used for roughness over the sea.
Over land, roughness is specified taking account
of subgrid-scale orography:

Zo=MIN (0.3 +0.0001 E, 1.0) metres,

where E is the land height. The roughness length
for heat is

Z1=0.00025/Zy metres.

A fuller and more correct way of writing this
equation is:

Zr=Z1/(Zy/Zy)

where Zg, ,Z, are the local momentum and heat
roughness lengths, respectively, of the dominant
vegetation, and Z,, Zy, are the heterogeneous
roughness lengths accounting for local orography,
trees, buildings, etc. For use in the model, it has
been assumed here that Zy, =0.05m, uniform
over the full domain; Z;, = 0.005m, uniform over
the full domain; and Z, varies linearly with oro-
graphic height. The albedo is set to 0.2 over land.
Moisture transfer is controlled by a resistance to
evaporation (Monteith 1964) which is over-
ridden at night or when rain has accumulated on
the surface. A constant value of 100 s m™~! is used
in the model for the surface resistance.
Subgrid-scale convection is parametrised using
the scheme described in Golding (1992b), based
on Fritsch and Chappell (1980). This differs from
other parametrisations in its handling of the mass
redistribution. Instead of computing the compen-
sation subsidence, mass fluxes resulting from the
up and downdraught calculations are provided as

forcing terms to the non-hydrostatic continuity
equation, allowing the model dynamics to deter-
mine the scale of the response as a function of the

‘background state and the distribution of convec-

tive clouds. .

In the simulation presented here, the model was
run with a 15km resolution over a 90X100
domain on a local transverse Mercator projection.
A one-minute timestep was used, but similar
results were obtained with a three-minute time-
step. Initial and boundary conditions from the
coarse RASP simulation are reprojected and
interpolated to height levels relative to the fine
orography. Sea-surface temperatures were
interpolated from the same 150 km resolution
climatology as was used for RASP.

Case description

The case chosen for study in this paper was the
first of two east coast lows that affected the east
coast of Australia in the period 30 July to 3 August
1990. Although not as strong a vortex as the sec-
ond, the intensity of the easterly flow between the
low and the anticyclone to the south produced
exceptionally large rainfall accumulations over
the coast and mountains to the south of Sydney,
reaching 200 mm in 24 hours in some locations.
An easterly dip was first evident in the surface
pressure field on 29 July (Fig. 1(a)). During the
period 30-31 July, a surface centre formed and
moved south (Fig. 1(b),(c)). It was mirrored by
sharpening of a mid-tropospheric trough into a
cut-off vortex to the west (not shown). At the same
time, an anticyclone moved eastwards to the
south of the continent, increasing pressure gradi-
ents on the south side of the low. During 1 August
(Fig. 1(d)), the low moved close into the coast,
with only a small fall in central pressure, and
finally crossed the coast, dissipating inland during
2 August. The model intercomparison concen-
trates on the 24-hour period from 2300 UTC
31 July to 2300 UTC | August during which the
easterly gradient on the south side of the system
wasat its maximum, producing the largest rainfall
rates. Figure 2 shows the BMRC hand-drawn
analysis for 1100 UTC 1 August. At 500 hPa
(Fig. 2(a)) a large cut-off low lies over the east of
the continent. At the surface, (Fig. 2(b)) pressure
gradients are strong to the south of the low, where
high pressure is maintained in the anticyclone,
and along the coast. There are few observations
out to sea, but where they exist, they indicate a
trough extending eastwards from the centre with
very strong winds to the south.

The satellite image (Fig. 3) shows deep con-
vective cloud over the coast near the centre, and
bands of high cloud possibly from deep slantwise
ascent over the baroclinic gradient associated
with the trough. A second bright spot associated
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Fig.1 Operational mean sea level pressure analyses for
(a) 2300 UTC 29 July, (b) 2300 UTC 30 July,
(c) 2300 UTC 31 July, (d) 2300 UTC 1 August
1990. Contour interval 4 hPa.

Fig. 2 Analyses for 1100 UTC 1 August 1990: (a) 500
hPa heights — interval 60 gpm; (b) surface ob-
servations and pressure analysis (contours in
hPa).

with upright convection is identifiable to the
southeast of the centre. Experience shows that in
the north Atlantic, similar poleward-moving de-
pressions are sometimes observed on the eastern
side of a stationary upper tropospheric trough.
The analysis used in the UK for such systems
places a warm occlusion in the east-west trough.
A triple point is analysed to the east where the
cyclonic side of the upper jet exit reinforces the
low-level baroclinic development. The structure
of the present system seems to be similar.
Although structures of these fronts are very dif-
ferent from the progressive Norwegian model, a
trajectory analysis of a numerical simulation of
one such case (Golding 1981, 1986) showed that
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Fig. 3 GMS infrared satellite images for southeast  Australia. 1- August 1990: (a) 0830 ' UTC; (b) 1130 UTC;
(c) 1430 UTC.







