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Introduction

The ability of nwp models to represent significant weatlygtems has developed
enormously over the 20 years of BMRC's lifetime. The foresckem the various mesoscale
versions of the operational LAPS (Puri et al 1998) nwp system staawn remarkable skill
at representing many mesoscale “extreme” weather ®\v&nth as the storm-force wind band
on the western flank of the Sydney-Hobart yacht race storm iarblger 1998 (Mills 2001),
surging frontal movement along the Victorian coastline (M202), and low-level wind
shear events in southeast Tasmania (Mills and Pendlebury 2003er-atthough extreme
micro-scale events such as severe thunderstorms are noedebglthe highest operational
resolutions currently in use in Australia, the necessamwr@ments in which such storms
develop, while not only rare, are also predictable by the mdesoseadels currently
operational in Australia (Mills and Colquhoun 1998, Hanstrum et al 20018, 2004). In this
paper examples of how operational mesoscale nwp performs in thionse environment
prediction using the National Thunderstorm Forecast GuidanderBy{®TFGS, Hanstrum
2003, DesLandes 2003), applications being developed in support of fileewéaecasting,
and how nwp can be used to understand low-reflectivity fine-line eleaadar echoes will
be presented.

Forecasting thunderstorm environments

The NTFGS is an ingredients-based approach to providing foreatisbks for the
likelihood of environments that may support thunderstorm, setlewaderstorm and
supercellular thunderstorms. At the May 2004 workshop to discussgheuimmer’s trial of
the NTFGS, Saunderson (2004) presented a verification of the parfoenof the system.
While the system provides national coverage of the foreoalsts, the verification was
restricted to areas surrounding 16 sites where radar coveragied, and to allow for
time/space errors in the forecast, a “correct hit” fastavas counted if the observed storm
was within 100 km of a forecast location, and +/- 3 hours of thecést event time.
Saunderson’s results for several severe weather categesesiated with thunderstorms for
the 16 sites and for forecast lead times of 12-24 hours are sisadhan Table 1. The results
are, to this author, outstanding, with POD exceeding FARh®iess rare events, and even
for the very rare supercell and tornado forecasts showing evabld skill. These results not
only show the skill of the operational meso-LAPS forecasts,ataat the capacity of this
ingredients-based approach to identify severe thunderstorm environments.

An example of a fascinating forecast of a supercellulamster the gulf country of
northern Queensland was presented at the NTFGS workshop by otegiests from the
Queensland RFC (http://bmtc.ho.bom.gov.au/roger/html/ntfgs_reviewadea/html), and
not only shows an outstanding forecast of the areas of likelyesesterms, but also an
examination of the ingredients on which those forecasts were dased Bow the diurnally-
varying southward extent of warm, moist Gulf of Carpentariantéo northern Queensland,
and the erosion of surface inversions by daytime heating modulstedreéas of strongest
shear and instability that provided the environment in which theersell storms were
identified on the Mornington Island radar.
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Forecast Parameter POD FAR Number of Number of
events verifications
Surface-based thunderstorms 0.77 0.49 413 2039
Elevated thunderstorms 0.83 0.67 205 2039
Supercells 0.45 0.84 16 2039
Large Halil 0.77 0.68 21 2039
Tornadoes 0.50 0.98 5 2039
Severe gusts 0.70 0.89 48 2039
Heavy rain 0.78 0.80 73 2039
Tropical squall lines 0.56 0.74 12 771

Table 1. Probability of detection (POD), False Alarm Rate (FAR), number of events, and
number of forecasts verified, for NTFGS forecasts of various categories of severe convective
weather for 16 Australian areas with weather radar coverage (after Saunderson, 2004).
Tropical squall line forecasts were only verified at stations in northern Australia.

Radar fine-line echoes

It has been shown that weather radars can receive refledigitals from sources
other than hydrometeors, and that in some circumstances thesssec@ted with the dry
cool-changes that move through southern Australia during the summéegrDickins and
Cusworth 2001). On 20 January 2004, a clear air echo radar image ohge ahaving
through Port Phillip was received (Fig 1a). It showed a cold-fragttacture typical of a
shallow surging coastal front (the arc moving through the laang),the more northwesterly-
oriented front moving through Victoria from the west. These featare very similar to those
described in a study of a similar shallow dry cool change tiig §2002). However, the radar
image also showed a third reflectivity line extending Baatuthwestwards from the point
where the frontal curvature changed, and, as pointed out by Evagai (personal
communication), this line moved westwards with time.
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Figure 1. On the left, radar image at 0410 UTC 20 January 2004. On the right is the 0.05°
meso-LAPS forecast of near-surface wind and potential temperature for 0600UTC.
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The 0.08 grid “VICTAS” domain meso-LAPS forecast for 0600 UTC 21 January

(Fig 1b) shows the surging front through Port Phillip, marked Byr@ang thermal gradient
and a sharp wind shift from northwest to southerly. The inlandopoof the cool change is
marked by a gentler thermal gradient and a more gradual baufking wind. However, there
is also a convergence line between post-frontal southwestengsvthat have had some
overland trajectory through western Victoria, and coolethssly winds behind the coastal
surge (see the dashed line in Fig 1b). When the time loop ehddel output is displayed,
this convergence line also moves to the west, as the a# west, while of maritime origin,
has been heated during its daytime movement through wesietori&, while the air to its
east is cooler, and thus the pressure gradient is directédaxgs. Here the synergy between
observations and modeling is seen, with the strengths of eafihring structures seen in
the other. An important feature is that the model was, in #s8,csome 1.5 hours slow in the
timing of the change through Port Phillip, but did faithfully fastcthe structure of the
change. Thus, once this structure was seen on the radar, anglimction with surface wind
observations, the forecast timing of the change could be adjusted in a nogvirastiework.

Fire weather applications

There are a number of potential applications for fire wedthrexcasting to which
nwp models can be applied. The detailed forecasts of wind anEktature, such as those
shown in Fig 1b) are highly instructive in understanding the evolsingctures of dry cool
changes, and are frequently very accurate. During the 2003-4 suanfmieecast maximum
surface gust field was provided experimentally to Victorian and dasm Regional Forecast
Centres, and other applications are being developed. One such praalugtdded forecast
fire danger index based on the meso-LAPS numerical forecastsMEArthur Forest Fire
Danger Index (FFDI, Luke and McArthur, 1978) is used by the Bureauetédvblogy to
estimate fire danger at station locations. The FFDI imation of a drought factor, based on
antecedent rainfall and temperature, and a forecast temperalateve humidity, and wind
speed. With the development of gridded drought factor fields oustrdélia (Klara Finkele,
personal communication) the mesoscale numerical forecasts oftenmgkrature and relative
humidity can be used to produce gridded fields of FFDI at higmpaeal and spatial
resolution. An example is shown in Fig.2, for 0200 UTC 15 November 2003, @ndatkiich
the FFDI reached over 100 at Hobart for a short while, and redhaires 50 (Extreme Fire
Danger) for some 6 hours (Fox-Hughes, personal communication).

The area of extreme FFDI
(shaded) over eastern Tasmania is easily
seen, and perhaps importantly the very
tight gradients, particularly on the
southwest side of the region of highest
FFDI are striking. Time evolution of these
fields is particularly interesting, and
demonstrates the rich spatial and temporal
detail that nwp models can reveal in these
fields. While this form of presentation
provides very valuable information, the
very tight gradients could make
deterministic forecasts at a point
problematic, and some form of probability
or range information should perhaps be

Figure 2. Contours of forecast FFDI based | jnc)yded if this form of presentation is to
on the operational meso-LAPS forecast for be used

0200 UTC 15 November 2003.
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Discussion

A few examples of mesoscale nwp forecasts of significantheeavents have been
presented here, and others, such as the structure ofdhg stind bands on the flanks of
extra-tropical cyclones, could be used. In these cases highlyasecand illuminating
forecasts have been achieved from the operational numericallsmiod¢he Bureau of
Meteorology. There are errors and uncertainty in some of tlegeeasts, and so purely
deterministic use is not necessarily appropriate, but themiattwn content is of such quality
that it should be communicated to forecasters, and many of these applicaibndiag their
way to operational use. An important aspect of these studit® isinderstanding of the
evolving structures that these nwp forecasts contain, which tfadres interpretation of later
observations and the consequent adaptive nowcasting of these model structure
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