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Abstract

During January and February 2003 vast areas of Australia s Alpine areas were
burnt during a series of massive bushfires. In this paper the synoptic evolution and
mesoscale circulation systems that led to extreme fire weather on January 18, the day
the fires devastated the Australian Capital Territory, and January 30, the day the
Alpine fires “broke out” in the Victorian high country are discussed. In each case the
extreme fire weather experienced was associated with a*cool change” passage, but
the strongest winds are shown to be associated with mesoscale wind maxima
generated near the top of the mixed layer, which in these cases was 2000-4000 m
deep. The surface structures of the cool changes were strongly affected by diabatic
heating, and it is shown how these diabatic processes cause the structure of these
changesto vary strongly over relatively short distances. On January 18 an additional
feature was a series of progressive reductions in humidity at and in the areas
surrounding Canberra. Reasons for this behaviour are discussed, and the role of a
mid-tropospheric dry slot identified in water vapour imagery, and a possible
contribution from cross-frontal circulations, are described.



I ntroduction

During January and February 2003 vast areas of Australia s Alpine areas were
burnt during a series of massive bushfires (see Fig. 1 in Bureau of Meteorology 2003).
While not minimising any part of the period, two days stand out meteorologically.
The first was 18 January 2003, when fires caused the deaths of four people, many
other injuries, the loss of over 500 houses and other infrastructure losses, and more
than 70% of the parks, forests and pastures in the Australian Capital Territory (ACT)
was burnt (McLeod 2003) (see Fig.1 for place names referred in the text, and for the
topography of the region). The second day was 30 January 2003, when strong, gusty
winds over the Victorian Alpine country, associated with high temperatures and low
humidity, contributed to the Eastern Victorian fires making major “runs’ to the
southeast (see Bureau of Meteorology, 2003). On each day wind changes were
expected in the area of the fires, with a change from northwesterly to southeasterly
winds expected in Canberrain the evening of 18 January, while a*“cool change” was
progressing through Victoria on 30 January. In each case, though, very strong and
gusty winds were experienced in the pre-change airmass, with wind gusts around 40
kn being experienced at Canberra Airport during the afternoon of 18 January, and a
sustained period of mean wind speeds between 30 and 40 kn, with gusts between 45
and 55 kn at Mt. Hotham from the early morning to the late afternoon of January 30.
While many cool changes contribute to extreme fire weather in southeastern
Australia, significant features of these two cool changes did not fit the many
published conceptual models of frontal structure (see, for example those referenced in
Mills 2002), or at least the surface evolution of wind and temperature associated with

these conceptual models.

Thefirst aim of this paper is to document the synoptic and mesoscale
meteorology of these two events. The second aim is to describe and diagnose in some
detail the sub-synoptic circulation systems that led to the extreme fire weather on
those two days. While these features are not identifiable from mean-sea-level pressure
forecasts, it will be shown that even with relatively simple diagnostic techniques
useful guidance for these events can be provided by operational mesoscale NWP
models. These diagnostic techniques can then be used to identify the mesoscale



features leading to this surface gustiness, potentially providing improved forecast

servicesto fire agencies.

As stated above, on each of these two days wind changes, or cool changes,
were forecast through the respective fire zones of southeastern Australia, where the
topography is significant and is commonly considered to have a blocking effect on the
movement of these cool changes. Considerable research effort has been expended in
investigating the structure and movement of cool changes through southeastern South
Australia and western Victoria, including the phenomena of “coastal surging” of
fronts along the coastline west of Melbourne (see the references quoted in Mills
2002). A further considerable effort has investigated the so-called “ southerly burster”
—arapidly propagating cold front moving northwards along the New South Wales
(NSW) coastline (Colquhoun et al 1985), and it is recognised that the blocking effect
of the Great Dividing Range in far eastern Victoria and southern New South Walesis
an essential component in the devel opment of the southerly burster. However, there
has been little published describing the inland structure and behaviour of these cool
changes, or their modification by the topography of southeastern Australia, since the
works by Clarke (1983). That study, and Clarke's earlier observational studies,
describe the passage of late evening “wind surges’ through Canberra and Wagga as
more related to inland sea-breeze propagation rather than a cold frontal passage.
Morgan (2002) also points to the difficulty of identifying the passage of cool changes
at elevated sites such as Mt. Hotham. This paper provides a description of the
behaviour of two “frontal” passages over and inland of the elevated terrain of

southeastern Australia, and thus adds to the very small number of such descriptions.

In the two main sections of this paper, the 18 January and 30 January events
will be described in some detail. In each case, the evolution of the wind, temperature,
and humidity at several stations in the area of the respective fires will be described,
highlighting the common and different features occurring over relatively small aress,
and particularly those features that do not necessarily fit established paradigms of
cool-change morphology over southeastern Australia, and yet had significant impact
of the fire weather of each of those days. A synoptic description of each event over a
30-hour period will document the larger-scale environments of the two cases, and

provide background to the mesoscal e diagnosis that follows. The mesoscale diagnosis



will describe the structures and evolution of the small-scale thermal gradient and wind
speed maxima that occurred near the top of the well-mixed boundary layer, and which
are hypothesised to be the source of the maxima in surface gustiness observed on
these two days. As part of this diagnosis, some products that provide potentially

useful forecast guidance are presented.

Techniques and data sour ces

Data sets

The principal diagnostic data used in this study are the archive of operational
NWP products produced by the Bureau of Meteorology’ s operational LAPS system
(Puri et al 1998). The system has a hierarchy of internally nested forecast areas, with
the largest scale region having a 3-cycle intermittent data insertion cycle before the
forward forecast, and a horizontal grid spacing of 0.375°. Internal meshes with
horizontal grid spacing of 0.125° covering all of Australia, and of 0.05° centred over
Melbourne and Sydney are nested inside the coarser mesh, and use the coarser mesh
analysesto provide the initial state. Each forecast model uses the same 29-level
vertical discretisation in sigma coordinates, and the same suite of physical
parameterisations. In this paper the respective strengths of the different systems will
be used to emphasise different aspects of the two cases. The 0.375° analyses, available
at 6-hourly intervals, will be used to provide the synoptic descriptions, with their
strength being the close matching of observations coupled with the dynamic balance
achieved during the data assimilation cycles. The 0.125° model and the 0.05° model
outputs contain internally generated dynamic and temporal consistency at scales finer
than those allowed by the correlation functions used in the analyses. The 0.125°
model covers awide area, and has archived tropospheric fields every 3 hours, while
the 0.05° model runs have these fields archived every hour, allowing greater time
resolution at the expense of lesser geographic coverage. While the finer-scale model
outputs contain greater spatial and temporal detail than do the analyses, it must be
remembered that they are forecasts, and so comparison of these forecasts with
verifying observationsis vital in order to support the inferences drawn from diagnosis
of these model outputs. Hourly and half-hourly data from the Bureau’s AWS network,

and some radiosonde data, are used to perform this function.



Thereis one exception to the use of operational NWP products. The
operational analysis used to initialise the forecast for the 18 January 2003 event
showed an unusual surface mixing ratio pattern associated with a“bug” in the
objective analysis code. In order to ensure that this did not affect the conclusions
drawn in the diagnostic part of the paper, a hindsight assimilation and 0.05° model run
was prepared using analysis codes that had corrected the moisture analysis bug, and
which were implemented operationally on 13 February 2003 (P. Steinle 2004,
personal communication). There was very little difference between the wind and
temperature fields in this model run and those in the operational forecast, but the
moisture fields did show some differences, and it is this hindcast rather than the
operational 0.05° forecast that will be used in the later parts of this paper.

Diagnosis of gusts from NWP data

A variety of methods have been proposed over the years to diagnose the gust
at anemometer height from larger-scale atmospheric parameters such as those forecast
from NWP models. Brasseur (2001) argues from physical grounds that gusts at the
surface are the result of turbulence mixing momentum from higher to lower levels,
and so the highest gust likely at a near-surface level is that from the level at which the
wind speed is highest, and where the turbulent kinetic energy is sufficient to
overcome the buoyancy forces in the atmospheric column below that level, providing
asimple physical model in cases when a clearly identifiable well-mixed boundary
layer can be identified. Verkaik (2000) discusses two alternative methods based on
the probability distribution of turbulent statistics (the method proposed by Weiringa
(1986) depends on empirical gust and horizontal wind speed standard deviation data,
while that proposed by Beljaars (1987) depends on empirical horizontal wind speed
power spectra data). Adopting the formulation of Beljaars (1987) and integrating over
the frequency domain produces aformulafor the 3-second wind gust at 10 m. This
formulais based on the model’s 10 m wind speed, the friction velocity, the stability,
and the atmospheric stability (ie the ratio of the boundary layer depth to the Obukhov
length). The Beljaars formulation has been applied in this paper to the NWP model
output, and the forecast gust products shown in the later sections have been derived



using this method, although qualitatively very similar and quantitatively comparable
forecasts are obtained using the physical model.

Definitions of a front

There are many referencesto “the front” or to the “cool change” in the
descriptionsto follow. Hewson’'s (1998) definition of afront as "the warm-air
boundary of a zone of enhanced thermal gradient”, subject to the thermal gradient
being of sufficient strength, isthat used in this paper. This definition places the front
at the point where significant cooling begins and is also where NWP model output
places the abrupt wind change, as shown in Mills (2002, 2005), and has been found to
be the most appropriate definition when applied to dry summertime fronts over
southeastern Australia. Particularly in the later description of NWP model forecasts,
the term “front” will be used in this context, while the term “trough” will be used
when pressure fields are being described, although thereis, of course, a close dynamic

relationship between the two.

January 18 — synoptic description

Figure 2 shows the MSLP analyses at 6-hourly intervals from 0600 UTC 17
January to 1200 UTC 18 January 2003. At theinitial time (Fig. 2a) a broad trough is
located over southeastern Australia, with one weakly defined axis from northern
South Australia (SA) to the far southeast of NSW, and another north-south axis along
the Victorian-SA border. A large high isin the Tasman Sea, and aridge of high
pressure extends from the Bight to Tasmania. In the southwest of the plotted area
there is amid-latitude trough in the westerlies.

During the subsequent 18 hours, the mid-latitude trough moved eastwards, and
linked with the trough over the continent to form alow over southeastern NSW and a
sharp trough over Tasmania (Fig. 2c). With this eastward movement of the mid-
latitude pressure systems, the Bight high strengthened along ~ 40S, leading to
strengthening pressure gradients over Tasmania and Victoria and a narrow ridge
extending through Bass Strait by 0000 UTC 18 January (Fig. 2d). After 0000 UTC
(Fig. 2ef) the narrow ridge through Bass Strait extended northwards along the NSW



coast in a“southerly burster” (Colquhoun et al, 1985) like pattern, while the low over
southeastern NSW moved northeast and was located just off the NSW coast north of
Sydney by 1200 UTC 18 January. A heat/lee low had formed over Tasmania by 0600
UTC 18 January (Fig. 2e) (see Mills and Pendlebury 2003 for a discussion of such

lows).

During this period the upper tropospheric analyses show arelatively weak
pattern over the Australian continent (Fig. 3) with anticyclonically-curved height
contours over southeastern Australia, and a weak mid-latitude trough in the south of
the plotted area.

It isinstructive to relate the surface temperature and near-surface wind flows
and the evolving pressure patterns. Figure 4 shows analyses of screen-level potential
temperature (used rather than temperature to reduce the topographic influence, and
thus to display the larger-scale evolution more clearly), and near-surface wind speed
and direction. At 0000 UTC 18 January (Fig. 4a) there is a zone of strong temperature
gradient at screen level aong the eastern and southeastern Australian coasts. North of
Cape Howe, there is a quite marked cyclonic curvature in the wind field across this
coastal gradient, and this has some similarities to the “ coastal warm front” seen off
the Victorian coast in the case described by Mills (2005), as a strong, hot offshore
flow develops a stable internal boundary layer after moving over a cooler sea surface.
Immediately west of Cape Howe a strong temperature gradient lies parallel to the
Great Dividing Range, and a cool change (the zone of temperature gradient) is
oriented northwest-southeast across southern NSW, from the SA border to the ranges.
Winds across this front are cyclonically curved, and oriented directly from cool to
warm air, and so adiabatic cool advection is occurring inthisarea. Thereisalso a
zone of enhanced temperature gradient extending along the western Victorian and the
SA coastlines associated with the land-sea boundary, but based on its subsequent
evolution, this has less dynamic significance than the zones of stronger thermal
gradient described earlier in this paragraph.

In the subsequent 12 hours (Figs. 4b,c) the cool change over inland NSW
moved northeastwards with winds backing and freshening, the cool air south of the

eastern Victorian ranges extended slowly northwards. Given that the temperature



contours represent the screen level potential temperature, the cool air boundary can
only advance northwards as the depth of the post-frontal cool air increases to reach
the height of the topographic barrier here (Fig. 4d). The southerly burster moved
northward along the NSW coastline after 0000 UTC (Fig. 4e,f), and with the
development of this on-shore directed pressure gradient the winds backed, advected
cooler maritime air inland, and consequently the coastal temperature gradient moved
inland. The net result is a narrowing and northward movement of the zone of hot air
that was over southeastern NSW at 0000 UTC as what might be interpreted as three
separate cool changes advance from the southwest, south, and east.

January 18 — an observational per spective

The time-series of observations at Canberra Airport shows fascinating
evolution during 18 January 2003 (Fig. 5). Winds were light and variable overnight,
but with the onset of daytime heating after 1930 UTC the wind direction settled to the
north and then slowly backed to the northwest. The gust factor increased from around
2200 UTC, and both mean speed and gusts rose to a dramatic peak at around 0430
UTC. Thereafter the speed and gust decreased until the arrival of an easterly change at
0800 UTC. After this change, the wind speed increased again to nearly 20 kn, with
gusts approaching 30 kn. The relation between the temperature, the wind speed and
the dewpoint time-seriesis interesting. Theinitial increase in wind speed coincides
with the commencement of daytime heating and is consistent with the breaking of a
nocturnal surface inversion. However at around 0000 UTC the speed and gustiness
further increased steadily for some hours and coinciding with this there was a
decrease in dewpoint, which might be interpreted as a mixing of low- to mid-
tropospheric air as the daytime mixed layer depth increased. The wind speed and
gustiness decreased markedly after 0430 UTC, but with little change in wind direction
during this period. There were however, two further marked decreasesin humidity —
one at 0300 UTC, when the dewpoints decreased from 4C to —3C, and a second very
marked drying from 0530 to 0700 UTC, when dewpoints decreased to —13C. The
abrupt arrival of the easterly wind change at 0800 UTC is marked by an increase of
wind speed and gustiness immediately after the change, and arapid increasein
dewpoint and a decrease in temperature, showing the effects of the inland penetration

of the cooler air propagating northward along the NSW coastline (Fig. 4).



Some commentaries on the event (eg McLeod 2003, p42) have hypothesised
that the gustiness in the mid-afternoon and the abrupt drying in the late afternoon
were associated with the convection column above the fire west of Canberra, and so
was fire-driven. Meteograms of observations at elevated stations in the region
surrounding Canberra, where observations are available at Thredbo (1957m), Cooma
(930m), Cabramurra (1482m), and Goulburn (640m) (Fig. 6) may be compared with
the Canberra meteogramsin Fig. 5. All these stations show a similar pattern, with a
maximum in wind speed and gustiness in the mid-afternoon, a sudden dramatic drying
after the wind speed has begun to decrease, and an abrupt wind change to the
southeast in the evening with decreasing temperatures and increasing humidity.
Clearly the gustiness and the abrupt and dramatic decreases in humidity at Canberra
were the response to significantly larger scale atmospheric flow features than would
be the case had the drying been induced by subsidence associated with the
pyrocumulus cloud west of Canberra. There is some suggestion that the drying
occurred earlier in the south and east and later in the north and west, indicating that
the circulation features that led to the drying were coherent and northward/westward
moving. In the next section mesoscale model output will be used in an attempt to

diagnose these structures, and address their predictability.

January 18 — mesoscale diagnosis

First the verisimilitude of the NWP model prediction (in this case the 0.05°
Sydney region meso-LAPS hindcast) for Canberra Airport is examined, for
comparison with the observed meteogramsin Fig. 5. Figure 7 shows the forecast
meteograms. The model has produced a quite outstanding forecast of most elements.
Temperatures commence rising at 2000 UTC, and shortly after that time the wind
direction settles to the north-northwest and wind speed and gust both commence a
stready increase. Shortly after the temperature begins to climb, the dewpoint falls to
around 1C and shows two shallow minima around 0300 UTC and just before the
easterly change at 0800 UTC. The forecast gustiness of >35 kn between 0200 and
0700 UTC with a peak of 39 kn at 0500 UTC matches well the observed peak of 42
kn at 0500 UTC, and the timing of the easterly change is as close as possible given the

hourly output interval from the model.

10



There are some aspects of the forecast that are not perfect — the mean wind
speed is lower than observed, afeature characteristic of many NWP models where the
grid-square average wind and roughness (particularly over mountainous terrain where
roughness lengths are enhanced) is at odds with the characteristics of a“well-
exposed” anemometer site. In addition, while shallow minimain the dewpoint
forecast are seen in the late afternoon, the forecast does not show the amplitude of
drying seen in the observations. However, the model-based diagnosis of the
mesoscale circulations around Canberra on the afternoon of January 18 will proceed
on the assumption that the model is sufficiently accurate in many of its features to
provide useful insight, while the humidity forecast will be discussed further later.

The diagnosis of near-surface gustiness using Beljaars (1987) formulation and
shown in Fig. 7 isremarkably accurate given that it is based on forecast fields. These
results are consistent with the physically-based hypothesis that the strongest wind
speed in the mixed layer may be realised as maximum surface gust, and thisis also
supported by the Wagga rawinsonde ascent at 0000 UTC 18 January (Fig. 8). This
shows a deep, near adiabatic boundary layer extending to approximately 600 hPa,
although only between 700 and 600 hPa does the mixing-ratio indicate that the layer
iswell-mixed. A very significant feature though, is the 50 kn wind maximum just
below the sharp reduction in humidity and transition to dightly greater thermal
stability near 600 hPawhich isinterpreted to mark the top of the mixed layer. If this
profile were to be realised by the numerical model, then it is entirely plausible that
this 50 kn wind would be realised as the surface gust value.

Figure 9 shows the time-sequence of the 700 hPa temperature field and
overlaid wind speed field forecasts from the meso-LAPS 0.125° model (used here
because the western boundary of the 0.05° grid Sydney domain model is at 147E). An
isolated 700 hPa short-wave temperature trough had generated an east-west zone of
enhanced temperature gradient along the Victorian-NSW border at 2100 UTC (Fig.
9a), and reflecting this lower-tropospheric temperature gradient an isotach maximum
developed in response. Over the next 9 hours (Figs. 9b-d) the short-wave temperature
trough contracted eastwards and moved slowly northwards together with the isotach

maximum. Below this level the forecast atmosphere is well mixed to the surface and it
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is thus the passage of this isotach maximum that produces the forecast gustiness
maximum at Canberrain Fig. 7, and thus may be hypothesised to have been the main

contributor to the observed gustiness.

Diagnosis of the possible reasons for the extreme drying occurring at €l evated
stations in southeastern NSW on 18 January 2003 is the final point to be addressed in
this section. Concentrating on the Canberra meteograms (Fig. 5), it is hypothesised
that the initial steady dewpoint decrease commencing around 2330 UTC isdueto
mixing of dryer air from above, as it commences as the temperature has increased and
with the increased wind speed and gustiness. Figure 10 shows water vapour channel
(6.7pum) imagery at four times during 18 January. At 2330 UTC adark band is seen
across southwestern NSW. Such dark bands are frequently associated with low mid-
tropospheric humidities (Weldon and Holmes 1991) and this is supported by the
cross-section (Fig. 11) along the line shown in the upper panel of Fig. 10. This shows
aminimum in mixing ratio in the middle of the section, where the imagery would
suggest such a minimum should be located. The lower panels of Fig. 10 show thisdry
band moving eastwards and northwards across NSW during 18 January, reaching the
Canberraarea around 0400 UTC, and it is proposed that mixing of thisdryer air to the
surface led to the second decline in humidity at Canberra. Lower-elevation
observations also showed a marked drying associated with the passage of this dry
band, asis shown, for example, at Wagga (Fig. 12) where dewpoints drop from —6C
to —22C between 0130 and 0330 UTC, and its south-to-north movement over
southeastern NSW is consistent with the trend seen in the observations of Figs. 5 and
6.

Turning now to the third decline in dewpoint between 0530 and 0730 UTC,
the .05° Sydney region meso-LAPS hindcast is used for its high spatial and temporal
resolution. Figure 13 shows forecasts of potential temperature and wind for 0500
UTC 18 January, and the thermal gradient and strong convergence line between the
southeasterly change moving inland from the coast and the hot westerly winds over
the interior of NSW are clearly seen. Much weaker, but still discernable, are the
temperature change associated with the shift to southwesterly winds inland of the

NSW ranges, and the southerly push over the ranges. The forecast screen-level
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dewpoint at the same time (Fig. 14) shows a northwest-southeast oriented dewpoint
minimum in the north of the plotted area, and thisis hypothesised to be associated
with the dry band seen in the water-vapour imagery. A very strong moisture gradient
is associated with the easterly wind change, and oriented along the moisture front, on
the dry side, is an elongated local minimum extending over some considerable
distance. A vertical cross-section section (Fig.15), approximately normal to the
easterly change line, shows the deep mixed layer in the inland portion of the section,
together with the local wind speed maximum just above the top of that layer, and also
shows the front approaching Canberra from the east, with strong ascent at the head of
the front and strong temperature and mixing ratio gradients immediately east of the
front. West of the front thereis an area of only weak, or neutral vertical motion, and
immediately west of the front there is a narrow zone of relatively dryer air, marked by
the 4.5 gm/Kg isopleth. The spatial coherence of thislocal dewpoint minimum, in
conjunction with its temporal consistency through the forecast and the vertical
structure seen in the cross-section, does suggest that it has an association with the
easterly change. Further, its westward movement and the orientation of the
temperature/humidity gradient is consistent with the apparent later
westward/northward arrival times of the drying event seen in the observations (Figs.
5,6). It thus appears that the final drying period was associated with the frontal
circulations of the easterly cool change.

If the above hypotheses are correct, however, then perhaps the forecast
dewpoints should have been more accurately forecast (Fig. 7). The width of the dry
band parallel to the easterly change in Fig. 15 is of the order of 10-20 km. Given that
the grid-spacing of the model is of the order of 5 km, it might be expected that the
model would fail to resolve the amplitude of such afeature. The speed of advance of
the easterly change is around 8 km hr™*, and applying time to space calculations, a
feature of 15 km spatial scale would affect a point for approximately 2 hours, which is
in close agreement with the time-scale of the drying in Fig. 5 of around 2.5 hours.
Thusitisentirely feasible that the vertical circulations associated with the easterly
change generated this feature, and its amplitude was under-forecast due to the grid
scale of the model. There are of course other possible reasons for the model failing to
sufficiently resolve this feature, such asinitial state error, inadequaciesin the land

surface scheme, inadequacies in the ssimulations of vertical mixing etc. However, it
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would seem worthwhile to further investigate the circulations associated with these
easterly changes at Canberra, given that Clarke (1983) shows that they are acommon
feature of the summertime climate in that region (although it might be questioned
whether this change fits Clarke' s “ sea-breeze change” paradigm), and to provide some
greater insight into the issues discussed earlier in this paragraph.

January 30 - synoptic overview

Figures 16, 17 and 18 show the mean-sea level pressure, upper-tropospheric
height/wind, and screen level potential temperature and wind analyses at 0000 UTC
29 January through to 0600 UTC 30 January 2003. At the initial time (Fig. 16a) a
surface trough oriented northwest/southeast lay along the coast from the Great
Australian Bight to eastern Victoria, and a mid-latitude trough was over the Southern
Ocean, with itsaxisaround 130-132 E. A strong northwesterly jet stream can be seen
in the upper troposphere associated with this deep, mid-latitude trough (Fig. 17a).
While the surface trough along the southern Australian coast does not appear that
significant, in combination with the coastal temperature gradient a strong convergence

line extends right along the coast (Fig.18a).

Between 0600 and 1200 UTC 29 January (Figs. 16b,c, 17b,c) the mid-latitude
trough moved eastwards. During the daylight hours the coastal front intensified (Fig.
18b,c) and moved inland with the MSLP field showing more the pattern of a pre-
frontal trough (Hanstrum et al 1990), with a closed low forming near the SA/Victoria
border by 1200 UTC (Fig. 16c). Overnight the front moved eastwards, and by 1800
UTC 29 January (Fig. 18d) lay approximately from just west of Melbourne to
Mildura. The surface manifestation of the mid-latitude trough is marked by the
cyclonic curvature of theisobars (Fig. 16d) and of the winds (Fig. 18d) near the
SA/Victoria border, and its westward slope with height is indicated by the fact that the
300 hPaflow is still northwesterly to the westward limit of the plotted area (132 E)
(Fig. 17d), although the strengthening of the northwesterly isotach maximum perhaps
suggests that the trough was amplifying. It should be noted that this approach of the
cool change to central Victoria overnight does not match the paradigm of alate
afternoon/early evening change at Melbourne that was first documented by Loewe
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(1945), athough the coastal temperature gradient was conjectured to be an intrinsic

part of such systems.

By 0000 UTC 30 January the mid-latitude trough and the pre-frontal pressure
troughs had “merged” (Fig. 16€) with a single wind change through NSW and
northern Victoria near the eastern side of the strong temperature gradient (Fig. 18e).
By 0600 UTC alow had formed on the trough line over southeastern NSW and a
narrow coastal ridge had extended through Bass Strait (Fig. 16f), and a strong coastal
front had developed aong the southern side of the rangesin eastern Victoria: a strong
wind discontinuity (Fig.18f) marked this change. Inland of the ranges the temperature
gradient associated with the change was less strong and the associated wind change
conseguently more gradual. The 300 hPatrough (Fig. 17e,f) had continued to progress
eastwards at some 4 degrees longitude (at 45 S) per 6 hours.

January 30 - observations and point forecasts

Clearly the change structure and evolution are complex in this case,
particularly near the southeastern ranges, yet thisis the most critical areafor
understanding the meteorology as it affected the Alpine fires that day. The time series
of observations at 3 stations are shown (Fig. 19) — Mt. Hotham (elevation 1849 m)
and representative of the most exposed parts of the elevated landscape, Wangaratta
(elevation 156 m), representative of the plains north of the Great Dividing Range, and
Gelantipy (elevation 755 m), on the southern slopes of the Great Dividing Range. At
Mt Hotham (Fig. 19a,b), where the Forest Fire Danger Index (FFDI, Luke and
McArthur 1978) reached nearly 50 on the afternoon of 30 January (Bureau of
Meteorology 2003), it is seen that the wind speed (gust) increased steadily from
around 20 (22) kn at 1300 UTC (midnight local daylight savings time) to 40 (>50) kn
shortly after dawn, and maintained these speeds until around 0300 UTC when there
was a lessening of the winds, but speeds (gusts) remained above 20 (40) kn until
around 0930 UTC. The direction trace shows only a very slow backing of the wind
from north through to northwest though this whole period, although if a particular
time had to be placed on the arrival of a*cool change” the small backing of the wind
at 0200 UTC, when the temperature began to fall (against the diurnal trend), the

dewpoint rose, and the wind speed declined, is a defensible choice. However, the lack

15



of asignificant, sustained direction shift makes this change hard to fit into many of

the “cool change” conceptual models.

The time series of observations at Wangaratta (Fig. 19c,d), north of the divide,
shows the characteristics of a nocturnal inversion between 1300 and 1900 UTC, with
very low wind speeds and variable direction up to that time. However, after the
breaking of the nocturnal inversion, the temperature increased rapidly, the dewpoint
decreased with mixing of dryer air from aloft, and the wind speed also increased.
Temperatures began to decline, dewpoints to increase, and the wind direction settled
just south of west from around 0100 UTC (well before the climatological time of
maximum temperature). Around that time, though, the winds increased to around 15
kn, with gusts above 20 kn for some hours. There was a further marked increase in
wind speed and gustiness around 0800 UTC, when the temperature decreased by
about 5K, although there is no direction shift with this“cool change’.

Gelantipy (Fig. 19¢,f), south of the divide, shows an initial backing of the
wind at around 0000 UTC, at which time the temperature ceased to rise, and with an
increase in wind speed and gustiness. Thereis, however, afar more abrupt change
between 0400 and 0430 UTC, with an abrupt wind change from northwest to
southerly (preceded by a short increase in gustiness) and a marked cooling and
moistening. It is unfortunate that a power outage led to a gap in the record shortly
after that time, but this abrupt “cool change” marks the northward movement through
Gelantipy of the thermal and wind gradient seen along the southern flanks of the

rangesin Fig. 18e and in this case the timing of the wind change is unambiguous.

Figure 19 shows three quite different manifestations of a single synoptic-scale
front/trough system, with the diabatic and topographic effects having different
impacts depending on the detailed location and surrounding physiography of each
station. Clearly no single conceptual model of a cool change arrival will suit these
different locations, while the strong winds and gustiness at Mt. Hotham are a dramatic
feature of the fire weather there.

January 30 —numerical predictions
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Figure 20 shows the forecast meteograms from the operational 0.05° meso-
LAPS Victorian domain NWP model for the same three stations asin Fig. 19. In all
cases the forecast time series are rather smoother than the observation time-series,
however, most of the broad features of the observations are seen in the forecasts, and
perhaps more importantly, the different change structures at the three stations are well
represented in the forecasts. The abrupt change at Gelantipy, with a marked cooling
and moistening, preceded by a period of enhanced gustinessis well forecast. At
Wangaratta the forecast drying following the breaking of the nocturnal inversionis
only wesakly represented, but its timing iswell forecast. The temperature time-seriesis
well represented, with a maximum earlier than the climatological mean time, and a
more rapid cooling later in the afternoon, and more particularly, the “ double
maximum” in gustinessis extremely well forecast. At Mt Hotham, the average wind
speed is under-forecast, however the strong and persistent period of gustiness, the
very slow backing of the winds, and timing of the commencement of increasing
dewpoints (~0100 UTC) and of decreasing temperatures (~0330 UTC) are reasonably
well forecast.

In plan view the 0.05° meso-LAPS forecasts of screen-level potential
temperature (overlaid with near-surface wind barbs) and forecast wind gusts are
shown at 1800 UTC 29 January, and 0000 and 0600 UTC 30 January 2003 (18, 24
and 30-hour forecasts) in Fig. 21. At 1800 UTC (Fig. 21a,b) the cool changeis east of
Melbourne, wind speeds over the Alps are up to 15 kn, and gusts to 30 kn are forecast
(Fig. 21b). By 0000 UTC (Fig. 21c,d) there is an almost east-west change line from
north of Melbourne to east Gippsland, with the change having surged along the coast.
The strongest temperature gradients are along the eastern coastline of Victoria, where
the change had most recently crossed the coast. North of the ranges the northwesterly
winds are seen to be backing towards the west, and the isotherms decreasing in value
slowly to the west suggest weak adiabatic cool advection there. The gust forecast
(Fig. 21d), though, shows adramatic change from that at 1800 UTC, with gusts over
50 kn forecast widely over the Alpine areas. By 0600 UTC (Fig. 21e,f) the cooler air
had moved northward along the southern side of the Alps as the deeper layer of cool
air developed, and an abrupt convergence lineis seen in eastern Victoria (cf the
Gelantipy observations, Fig.19). Cooler air has slowly advanced north of the ranges
and the winds have backed and strengthened there with guststo 35 kn forecast (cf the
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period of late wind increase at Wangaratta seen in Fig. 19), while the strongest gusts
over the Alps have moved to the northeast.

January 30 - diagnosis

The comparison of the forecasts and the observed conditions on January 30
shows that the mesoscale NWP model performed with avery high degree of skill.
Given this, the model forecast fields can be used to diagnose the processes operating
on that day. The primary feature of the day was the extremely strong and gusty winds
that occurred over the Alpine areas from early on January 30, however the difference
between the frontal structures observed north and south of the rangesis also of
interest.

First, given that the gust at the surface has been associated with the highest
wind speed in the mixed layer, which, on January 30, extended from the surface to
around 800 hPa over northern and eastern Victoria at 0000 UTC, the 800 hPa
temperature and wind speed fields at 1200 UTC and 1800 UTC 29 January, and at
0000 UTC 30 January are shown in Fig. 22, while Fig. 23 shows vertical cross-
sections along the line shown in Fig. 22. At 1200 UTC (Fig. 22a) two zones of strong
temperature gradient can be identified, one concentrated over the SA gulfs, and a
second over Bight waters. These can be interpreted as a coastal front and a deep mid-
latitude front respectively. The differing vertical structures of these fronts can be seen
in the cross section (Fig. 23a), with the coastal front showing near vertical isentropes
to around 600 hPa, while the mid-latitude front has sloping isentropes extending
through a considerable depth of the troposphere (note that while the cross-section
shown in Fig. 23a does not intersect the mid-latitude front at 800hPa, the isentropesin
the southwest of the section in Fig. 23a show the clear sloping structure of this front
extending to the surface). Lower tropospheric isotach maxima were associated with
each of these baroclinic zones. By 1800 UTC the temperature gradient associated with
the coastal front had strengthened over Victoria (Fig. 22b), and both systems were
moving eastwards, although the southern system was advancing more rapidly. With
the developing temperature gradient, a weakly-defined isotach maximum had
developed over northern Victoria The cross-section at 1800 UTC 29 January (Fig.
23b) shows a strengthening of the thermal gradient in the lower troposphere near the
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middle of the section, suggesting that frontogenesis is occurring above the boundary
layer in this feature that was associated above with the inland movement of the coastal
front, but a surface nocturnal inversion is seen below this lower tropospheric front.
The component of the ageostrophic flow in the plane of the cross-section and the
vertical motion fields at 1800 UTC (Fig. 24), is qualitatively consistent with the direct
cross-frontal ageostrophic circulations that would be diagnosed by the Sawyer-
Eliassen equation (eg Bluestein, 1986) during frontogenesis. These ageostrophic wind
vectors are directed to the southwest, and thus indicate that the northwesterly low-
level pre-frontal jet (Fig. 22) is being accelerated. With the development of a
nocturnal surface inversion, this acceleration of the air parcelsin response to the
increasing temperature gradient is not inhibited by surface friction. Accordingly this
frontogenesis above the nocturnal inversion led to the development of a strengthened
pre-frontal low-level jet, which by 0000 UTC 30 January exceeded 25 m s* over the
eastern Victorian mountains (Fig. 22¢) as this process continued while the systems
move eastwards. The cross-section at 0000 UTC 30 January (Fig. 23c) shows that
daytime heating had by that time eroded the nocturnal surface inversion, leaving a
mixed layer from the surface to around 800 hPa, and thus allowing this low-level jet
to reach the surface as gusts via thermal and mechanical mixing. Thus while
frontogenesis above anocturnal surface inversion allowed the acceleration of a pre-
frontal low-level jet, the erosion of the same nocturnal inversion after sunrise alowed
this strengthened low-level jet to be realised as enhanced surface speed and gustiness

over the € evated terrain of southeastern Australia

Figure 18 e,f and Fig. 21 showed that the cool change moved across northern
Victoria as aslow backing of the wind, rather than as a sharp wind-shift, and that
cooler southwesterlies did not become fully established at, for example, Wangaratta
(see Fig. 19) until the early evening. However, Hewson’s model of the cold-frontal
location applied to Fig. 18f would place the cold front well east of Wangarattain the
mid afternoon, although only if the criterion requiring that the thermal gradient be of
“sufficient” strength is relaxed somewhat from that which might be applied to the
front south of the ranges. Further, the temperature gradient does appear to intensify in

the early evening with the onset of the strengthening southwesterly winds.
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From the thermodynamic equation, local temperature changes result from
advection and diabatic processes. The local change can be cal culated from successive
model outputs, in this case hourly, and advection can be calculated from model fields,
allowing the diabatic heating rate to be calculated as aresidual. Applying this process
to hourly model output, and displaying the results (Fig. 25) along the line shown in
Fig. 18, selected to be approximately normal to the isentropes, it is seen that during
the daytime on January 30, the diabatic heating rate increased with distance west of
the front. Thus, while temperatures decrease with distance west of the front, the
gradient in diabatic heating was acting to reduce the temperature gradient in the
frontal zone — the diabatic heating was frontolytic. Deslandes et al (1999) aso show
the frontolytic effect of daytime diabatic heating in the post-frontal boundary layer.
Figure 26 shows the vertical temperature cross-section along the same line used in the
diagnosis of diabatic heating rate. The nose of the front is clearly seen, with vertically
oriented isentropes close to the ground, indicating a mixed layer extending over some
depth in the post-frontal air. However, the depth of this post-frontal mixed layer
decreases to the west. If avery simple assumption of constant sensible heat flux along
this section is made, and that the surface sensible heat flux will be distributed evenly
through the mixed layer, then the deeper the post-frontal mixed layer, then the less the
temperature increase through the depth of that mixed layer, consistent with the profile
in Fig. 24. The greater depth of the post-frontal mixed layer immediately following
the frontal passage might be explained conceptualy if it is considered that a post-
frontal air parcel further east has had alonger period over land than one further to the
west, and so has had more time to be modified by diabatic heating. (It should be noted
that Reeder and Tory (2005) show asimilar vertical structure in their idealised
modelling study, but argue that the structure is generated by horizontal variationsin
sensible heat flux.) The net result of these processes, though, is that diabatic processes
act to weaken the cold front, and as a consequence the rate of backing of the winds,
through northern Victoria during the daylight hours. Once the sensible heating
weakens as the afternoon advances, this effect becomes less evident, broad-scale
frontogenetic processes become dominant again, the temperature gradient increases,
the winds back more sharply, and cool advection west of the front becomes stronger,

consistent with the observations at Wangaratta (Fig. 19).
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Discussion

Two days on which the weather-influenced fire danger reached extreme levels
over southeastern Australia, and on which extreme fire behaviour occurred, have been
described in some detail. On each day cold fronts, or cool changes, were crossing
southeastern Australia, and it was shown that diabatic processes had a profound effect
on the structure and evolution of these cool changes, leading to wide geographical
differences in the wind and temperature realised at different locations during the
passage of asingle cool change. Based on these two case studies, both overnight
frontogenesis above the surface inversion, and daytime frontolysis due to diabatic
heating gradients are processes that need to be considered in addition to the range of
other conceptual models of cool change structure over southeastern Australia that
have been published during the last 25 years. These processes should not, though, be
seen as new conceptual models, but rather a reinforcement of the concept that arange
of processes can modulate the structure of a cool change, depending on its location
relative to the coastal or topographic gradients and to the phase of the diurnal heating

cycle.

On each of the days discussed in this paper the very strong and gusty winds
that contributed to the severity of the fire weather on the ground were associated with
sub-synoptic or mesoscal e isotach maxima near the top of the mixed layer of the
troposphere, which in these cases was 2000-4000 m deep. On those days the
operational mesoscale nwp model s resolved these features, and using smple
diagnostic techniques can provide highly instructive forecast guidance that is not
available from more traditional, surface based, forecast products.

The drying episodes at Canberralate on the afternoon of 18 January are
interesting features, and both Werth and Ochoa (1993) and Charney et al (2003) have
shown other examples where mesoscale drying events can be associated with
enhanced fire activity by assisting the drying of fine fuels. It was hypothesised that
there were two identifiable periods of successive reduction in near-surface humidity,
and that these could be associated with separate mesoscale circulation systems. The
first was the passage of a mid-tropospheric humidity minimum that could be clearly
identified and tracked in the satellite imagery over southern NSW and the ACT, with
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surface dryings observed as the “dry dot” in the water-vapour imagery moved
overhead. Mid-tropospheric dry sots visible in the water-vapour imagery are likely to
be identifiable relatively easily, and future effort will be devoted to understanding
thelir relation to surface drying events, as monitoring of such features appearsto have

immediate potential as part of the fire weather forecasting process.

The hypothesis was advanced in this paper that the second drying period at
Canberra, just before the easterly change arrived, was associated with the vertical
circulation of the easterly change, although no physical evidence for this hypothesis
was presented. Given that easterly changes are arelatively common feature of
Canberra’ s summertime climate (Clarke, 1983), further investigation of the mesoscale

structure of these changes, and the predictability of these structures, is warranted.

The lower mid-tropospheric wet-bulb potential temperatures associated with
regions that can be identified as “dry dlots’ in the water vapour imagery has been
associated with convective destabilisation of the atmosphere (Browning 1994). It is
perhaps not a coincidence, therefore, that a huge pyrocumulus cloud was observed
above the Canberra fire on the afternoon of January 18, and later that day
thunderstorms occurred off the NSW coast on the eastern end of the dark band in the
water vapour imagery (Fig. 10 c,d). More active, or “unpredictable” fire behaviour
has been noted in conditions of decreased atmospheric stability, and attemptsto
forecast this using technigques such as the Haines Index (Werth and Ochoa 1993) have
been developed. However, the Haines Index is less useful as a discriminant of such
conditions when the mixed layer depth is regularly deep (Werth and Werth 1998) and
these are just the conditions that are observed over southeastern Australiainland from
the coastal regions during the summer. However, the known association between mid-
tropospheric dry slots and reduced atmospheric stability may make the water vapour
imagery a useful guide to areas where the atmospheric stability over an active fire
may be reduced, in addition their effects on lower-atmospheric drying already
discussed.

McLeod (2003) reported the hypothesis that the gustiness and drying observed
at Canberra Airport on the afternoon of 18 January was due to vertical circulations

associated with the fire-induced pyrocumulus cloud observed that afternoon. In this
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paper it has been argued that the gustiness and drying observed at Canberra Airport
was due to sub-synoptic scale circulation systems that were coherent in time and
space over several hours and several hundred kilometres. Thisis not to say, however,
that small-scale, intense atmospheric flows did not occur close to the fire as a result of
fire-atmosphere interactions, and anecdotal reports and post-event damage surveys
indicate that such circulations did occur on 18 January. However, these are on a scale
much smaller than the mesoscal e circulation features described in this paper, and it is
reasonable to speculate that the enhanced fire activity driven by the larger-scale
circulations described in this paper may indeed have made these small scale, intense

fire-atmosphere interactions more likely.
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Captionstofigures

Figure 1. Upper panel — Locality map of the southeastern part of Australia, with
place-names referred to in the text. Middle panel — Map of eastern Victoriaand
southeastern NSW showing locations of observing stations used in the paper —
Goulburn (YGLB), Canberra (Y SCB), Cabramurra (CBMR), Cooma (Y COM),
Thredbo (THDB), Wangaratta (YWGT), Mt. Hotham (HOTH), and Gelantipy
(GELA). The station location is at the top left-hand corner of the first letter of each
acronym. Lower panel — topography (m) used in the operational 0.05° meso-LAPS
model. Contour intervals at 100, 250, 500, 750, 1000, and 1250m.

Figure 2. LAPS mean-sea-level pressure analyses from 0600 UTC 17 January to
1200 UTC 18 January 2003. Contour interval 2 hPa.

Figure 3. Figure 3. LAPS 300 hPa height/isotach analyses at 0000 UTC 18 January
2003. Geopotentia height (heavy contours) at 60 gpm intervals, and isotachs (light
contours) are shaded above 20 m s* (light) and 40 m s™* (dark).

Figure 4. LAPS screen-level potential temperature and low-level wind speed analyses
at 6-hour intervals from 0600 UTC 17 January to 1200 UTC 18 January 2003.
Contour interval for potential temperature is 2K, while the wind barbs have their usual

meteorological meaning.

Figure 5. Time series of observations from Canberra Airport (Y SCB, see Fig. 1) from
1300 UTC 17 January 2003 to 1200 UTC 18 January 2003. Upper panel —wind
direction (degrees) in black, with wind speed and gust (knots) in red and green
respectively. Lower panel —temperature (red) and dewpoint (green), both in C. Note

the offset scales on the ordinates of the lower pandl.

Figure 6(a). Time series of observations from Thredbo (THDB, see Fig. 1) and
Cooma (YCOM) from 1300 UTC 17 January 2003 to 1200 UTC 18 January 2003.
Upper panel —wind direction (degrees) in black, with wind speed and gust (knots) in
red and green respectively. Lower panel —temperature (red) and dewpoint (green),

both in C. Note the offset scales on the ordinates of the lower panels.
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Figure 6(b). Time series of observations from Cabramurra (CBMR, see Fig. 1) and
Goulburn (YGLB) from 1300 UTC 17 January 2003 to 1200 UTC 18 January 2003.
Upper panel —wind direction (degrees) in black, with wind speed and gust (knots) in
red and green respectively. Lower panel —temperature (red) and dewpoint (green),
both in C. Note the offset scales on the ordinates of the lower panels.

Figure 7. Time series of forecast parameters interpolated at hourly intervals from the
Sydney-region meso-LAPS model at the location of Canberra Airport (Y SCB, see
Fig. 1) from 1300 UTC 17 January 2003 to 1200 UTC 18 January 2003. Upper panel
—wind direction (degrees) in black, with wind speed and gust (knots) in red and green
respectively. Lower panel —temperature (red) and dewpoint (green), both in C. Note

the offset scales on the ordinates of the lower panel.
Figure 8. Upper-air sounding at Wagga for the flight at 0000 UTC 18 January 2003

Figure 9. 700 hPa temperature and wind speed at 3-hourly intervals from the 0.125°
meso-LAPS model, valid at 2100 UTC 17 January, and 0000, 0300, and 0600 UTC 18
January 2003. Temperature contours are dashed, at 1K intervals, while isotachs
(heavy contours) are at 10, 15, and 20 m s™, with areas greater than 15 m s shaded.

Figure 10. Enhanced Water-V apour channel ( 6-7 um) imagery from the GMS-5
satellite at 2330 UTC 17 January, and 0230, 0430, and 0530 UTC 18 January. The
line in the upper panel marks the location of the cross-section in Fig. 11.

Figure 11. Mixing ratio cross section from the 0.125° meso-LAPS 12-hour forecast
based at 1200 UTC 17 January 2003. Contour interval 1 gm Kg™.

Figure 12. Time series of observations from Wagga (Fig. 1) from 1300 UTC 17

January 2003 to 1200 UTC 18 January 2003. Temperature (red) and dewpoint (green),
both in C. Note the offset scales on the ordinates of the lower panel.
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Figure 13. 0.05° meso-LAPS forecast of screen-level potential temperature and wind
speed valid 0500 UTC 18 January 2003. The line marks the position of the vertical

cross-sections shown in Fig.11, and the arrow indicates the location of Canberra.

Figure 14. 0.05° meso-LAPS forecast of screen-level dewpoint (C) valid 0500 UTC
18 January 2003.

Figure 15. Cross-sections aong the line in Fig.10. Upper panel shows potential
temperature (solid, contour interval 2K) and wind speed (dashed, contour interval 5
ms ), middle panel vertical motion (hPa hr*, negative contours dashed), and lower

panel mixing ratio (gm Kg™).

Figure 16. LAPS mean-sea-level pressure analyses from 0000 UTC 29 January to
0600 UTC 30 January 2003. Contour interval 2 hPa.

Figure 17. LAPS 300 hPa height/isotach analyses from 0000 UTC 29 January to 0600
UTC 30 January 2003. Geopotential height (heavy contours) at 60 gpm intervals, and
isotachs (light contours) are shaded above 30 m s™ (light) and 60 m s™* (dark).

Figure 18. LAPS screen-level potential temperature and low-level wind speed
analyses at 6-hour intervals from 0000 UTC 29 January to 0600 UTC 30 January
2003. Contour interval for potential temperature is 2K, while the wind barbs have
their usual meteorological meaning. The line in the lower panel shows the locations of

diagnostics and cross-sectionsin Figs. 25 and 26.

Figure 19. Time series of observations from Wangaratta (YWGT, see Fig. 1), Mt.
Hotham (HOTH) and Gelantipy (GELA) from 1300 UTC 29 January 2003 to 1200
UTC 30 January 2003. Left panels—wind direction (degrees) in black, with wind
speed and gust (knots) in red and green respectively. Right panels — temperature (red)
and dewpoint (green), both in C. Note the offset scales on the ordinates of the right-
hand panels.

Figure 20. Time series of Melbourne-region 0.05° Meso-LAPS forecasts for
Wangaratta (YWGT, see Fig. 1), Mt. Hotham (HOTH) and Gelantipy (GELA) from
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1300 UTC 29 January 2003 to 1200 UTC 30 January 2003. Left panels—wind
direction (degrees) in black, with wind speed and gust (knots) in red and green
respectively. Right panels — temperature (red) and dewpoint (green), both in C. Note
the offset scales on the ordinates of the right-hand panels.

Figure 21. Screen-level potential temperature (contour interval 2K) overlaid with
near-surface wind barbs (left column), and forecast surface wind gust (right column)
for 18, 24 and 30-hour forecasts from the 0.05° meso-LAPS model run valid at 1800
UTC 29 January (top row), 0000 UTC (middle row) and 0600 UTC (bottom row) 30
January 2003.

Figure 22. Forecast 800 hPa temperature and wind speed at 6-hourly intervals from
the 0.125° meso-LAPS model, valid at 1800 UTC 29 January, and 0000 and 0600
UTC 30 January 2003. Temperature contours are at 1K intervals, while isotachs are
shaded above 15 m s* (light) and 20 m s* (darker). The dark linein the upper panel

shows the position of the cross-sectionsin Fig. 23.

Figure 23. Cross-sections along the line shown in Fig. 22, valid at 1200 and 1800
UTC 29 January, and 0000 UTC 30 January 2003. Potential temperature (black) is
contoured at 2K intervals, with wind speed (dashed red) at 5 m s* intervals.

Figure 24. Cross-section, along the line shown in Fig. 22, valid at 1800 UTC 29
January, of the component of the ageostrophic wind vector in the plane of the section,
with vertical motion (hPalhr, negative values dashed) contoured.

Figure 25. Upper panel — profile of forecast 950 hPa screen-level potential
temperature at 0400 UTC 30 January 2003 along the line shown in Fig. 18. Lower
panel is the profile of the diabatic heating rate (K hr™) diagnosed from the forecast
valid at 0300 and 0400 UTC aong the same section.

Figure 26. Cross-section of forecast potential temperature (solid contours, K) and

wind speed (dashed contours, m s*) along the line of the section shown in Fig.18.
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Figure 1. Upper pand — Locality map of the southeastern part of Australia, with place-names referred
to in the text. Middle panel — Map of eastern Victoria and southeastern NSW showing locations of
observing stations used in the paper — Goulburn (Y GLB), Canberra (Y SCB), Cabramurra (CBMR),
Cooma (Y COM), Thredbo (THDB), Wangaratta (Y WGT), Mt. Hotham (HOTH), and Gelantipy
(GELA). The station location is at the top left-hand corner of thefirst letter of each acronym. Lower
pane — topography (m) used in the operational 0.05° meso-LAPS modéel. Contour intervals at 100, 250,
500, 750, 1000, and 1250m.
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Figure 2. LAPS mean-sea-level pressure analyses from 0600 UTC 17 January to

1200 UTC 18 January 2003. Contour interval 2 hPa.
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Operational 0.375 degree analysis
OHR FORECAST VALID 0000 UTC Sat 18 JAN 2003 HT 300 hPa
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Figure 3. LAPS 300 hPa height/isotach analyses at 0000 UTC 18 January 2003.
Geopotential height (heavy contours) at 60 gpm intervals, and isotachs (light
contours) are shaded above 20 m s* (light) and 40 m s™* (dark).
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Figure 4. LAPS screen-level potential temperature and low-level wind speed analyses
at 6-hour intervals from 0600 UTC 17 January to 1200 UTC 18 January 2003.
Contour interval for potential temperature is 2K, while the wind barbs have their usual
meteorological meaning.

34



YSCB obs from 20030117 1300
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Figure 5. Time series of observations from Canberra Airport (Y SCB, see Fig. 1) from 1300 UTC 17
January 2003 to 1200 UTC 18 January 2003. Upper panel —wind direction (degrees) in black, with
wind speed and gust (knots) in red and green respectively. Lower panel —temperature (red) and
dewpoint (green), both in C. Note the offset scales on the ordinates of the lower pand.
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THDB obs from 20030117 1300

T

Wind direction deg
Wind Speed (Gust) knots

1 1 T 1 1 7T

1 T T 1 1T T 1T 1T T T

YCOM obs from 20030117 1300
Wind direction deg
Wind Speed (Gust) knots

45 60 | 45 60
\ 30 | / 30
40 IR Voo
a5 . /H Sles | 1L 1 A
30 - 0 | | I L/
VA o WL AWAVER! -
25 270 | 25 \ 270
i
15 210 15 V/ i 210
I 180 180
10 150 L - 150
5 120 | 5 /\ 120
s ‘O ‘O‘O‘O ‘O \A*/\/\/: S é> o/—‘\o4o é) Lo \c\>
§8ggcgeggesce g8fgtgeggeset
- - - = o — ~ - - = o —
Time %T% Time U!ﬁ
obs from 0 YCOM obs from 1171
Temperature/Dewpoint C Temperature/Dewpoint C
40 40
35 35
30 - 30
25 25
ZOM/\/\/\ 20
15 15
10 - 10
O O O © ©9 ©9 o o o o o o9 SO O O ©9 9 9 o o o o o 9
2823 ge88EREE s82s g eR8EREE
Time UTC Time UTC

Figure 6(a). Time series of observations from Thredbo (THDB, see Fig. 1) and
Cooma (YCOM) from 1300 UTC 17 January 2003 to 1200 UTC 18 January 2003.
Upper panel —wind direction (degrees) in black, with wind speed and gust (knots) in
red and green respectively. Lower panel —temperature (red) and dewpoint (green),
both in C. Note the offset scales on the ordinates of the lower panels.
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Figure 6(b). Time series of observations from Cabramurra (CBMR, see Fig. 1) and
Goulburn (YGLB) from 1300 UTC 17 January 2003 to 1200 UTC 18 January 2003.

Upper panel —wind direction (degrees) in black, with wind speed and gust (knots) in
red and green respectively. Lower panel —temperature (red) and dewpoint (green),

both in C. Note the offset scales on the ordinates of the lower panels.
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YSCB fcst from 20030117 1200
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Figure 7 Time series of forecast parameters interpolated at hourly intervals from the
Sydney-region meso-LAPS model at the location of Canberra Airport (Y SCB, see
Fig. 1) from 1300 UTC 17 January 2003 to 1200 UTC 18 January 2003. Upper panel
—wind direction (degrees) in black, with wind speed and gust (knots) in red and green
respectively. Lower panel —temperature (red) and dewpoint (green), both in C. Note
the offset scales on the ordinates of the lower pandl.
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Figure 8. Upper-air sounding at Wagga for the flight at 0000 UTC 18 January 2003.
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Operafional 0.125 degree forecast
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Figure 9. 700 hPatemperature and wind speed at 3-hourly intervals from the 0.125° meso-L APS mode, valid at 2100
UTC 17 January, and 0000, 0300, and 0600 UTC 18 January 2003. Temperature contours are dashed, a 1K intervals,
whileisotachs (heavy contours) are at 10, 15, and 20 m s*, with areas greater than 15 m s* shaded.
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Figure 10. Enhanced Water-V apour channel ( 6-7 um) iagery from the GI\/I:5
satellite at 2330 UTC 17 January, and 0230, 0430, and 0530 UTC 18 January. The
line in the upper panel marks the location of the cross-section in Fig. 11.
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Figure 12. Time series of observations from Wagga (Fig. 1) from 1300 UTC 17
January 2003 to 1200 UTC 18 January 2003. Temperature (red) and dewpoint (green),
both in C. Note the offset scales on the ordinates of the lower panel.
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Opearational 0.05 degres Meso-LAPS forecast
17HR FORECAST YALID 0500 UTC Sat 18 JAN 2003 WIND 994,33
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Figure 13. 0.05° meso-LAPS forecast of screen-level potential temperature and wind
speed valid 0500 UTC 18 January 2003. The line marks the position of the vertical
cross-sections shown in Fig 11, and the arrow indicates the location of Canberra.
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FPost-event 0.05 degree Mesoc-LAPS hindcast

17HR FORECAST YALID 0500 UTC Saf 18 JAN 2003 TDPT 1013 hFa

Figure 14. 0.05° meso-LAPS forecast of screen-level dewpoint (C) valid 0500 UTC
18 January 2003.
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Figure 15. Cross-sections aong the line in Fig 10. Upper panel shows potential
temperature (solid, contour interval 2K) and wind speed (dashed, contour interval 5
ms ), middle panel vertical motion (hPah r, negative contours dashed), and lower
panel mixing ratio (gm Kg™).

45



Operational 0.375 degree analysis

Operational 0.375 degree analysis

OHR FORECAST VALID 0000 UTC Wed 29 JAN 2003 MSLP OHR FORECAST VALID 0600 UTC Wed 29 JAN 2003 MSLP
132 134 '\716 1%3 15‘10 U‘lZ ’1‘14 Wfb 14‘18 1"50 152 154 132 134 '\716 1%3 15‘10 U‘lZ ’1‘14 Wfb 14‘18 1"50 152 154
-30
-32
36
-38
40
—-42
1004 44
" T PRI oy : . ~ NN N N ——4— .
1 134 136 138 140 142 144 146 4 150 15 154 1 134 136 138 140 142 144 146 14; 150 15, 154
Operafional 0.575 degree analysis Operafional 0.575 degree analysis
OHR FORECAST VALID 1200 UTC Wed 28 JAN 2003 MSLP OHR FORECAST VALID 1800 UTC Wed 29 JAN 2003 MSLP
132 134 1"?(7 \1‘3"1 M‘(Y 1/‘17‘ ’/‘M 1 ‘b 1/‘1@ 1‘;0 152 15 132 134 1"?(7 \1‘3"1 M‘(l 1/‘1' ’/‘M Wr"-b 1/‘1@ 1‘;0 152 15
- . . . . . s . . ~ . . . . . . . .

B 1004 F -1 1008 1004 \ 1012 F
-30 M —30 304 1004 1008 M —-30
32 —-32 32 - —-32

\ ¢
7 ) 1012+ 1 )
-34 F-34 | -34 * N « 34
Agh 4
1008+ &7 1000 1008
36 36 | 36 R v <~ le \-36
7 [ ) 1004 [
38 | 38 > 38
1004 1008 e W 1004
1 [ | g \
1000 N
-40 40 | -40 4] gg 1090 40
/’,\ { il 996 L
1000 ~ ~
2 v 1004\ 42 | 429 1000 w a2
L B
996 e . e
44— 996 1U(\J() —-44 -44 992 —-44
1 ' 134 1‘6 ' 1‘ i 'U‘LO | 'H‘D ' '114 ' 12\% ' M"J ' 1%0 15, ' 154 1 ' 134 1‘6 ' 1‘ i 'U‘LO ' '\‘ ' '114 ' 12\% ' 1‘ ' 1%0 15, ' 154
Operafional 0.375 degres analysis Operafional 0.375 degres analysis
OHR FORECAST VALID 00Q0 UTC Thu 30 JAN 2003 MSLP OHR FORECAST VALID 06Q0 UTC Thu 30 JAN 2003 MSLP
132 134 W?b’ 13‘9 11&0 1712 ’%4 17’6 M"JB 1?0 152 154
. . . . . . - - .
1098 \ 1012
-30 1004 v -30
34 | 7 ! 1008
% /1012(. '
o .
-38 1008

L 1004
407 1004

- 1000 |
42 ey 996 \~42

I 1000 996 L3 L

2}
e 992 e
: % — .
132 134 136 1 140 142 44 146 148 W‘rD 152 154

Figure 16. LAPS mean-sea-level pressure analyses from 0000 UTC 29 January to
0600 UTC 30 January 2003. Contour interval 2 hPa.
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Figure 17. LAPS 300 hPa height/isotach analyses from 0000 UTC 29 January to 0600
UTC 30 January 2003. Geopotential height (heavy contours) at 60 gpm intervals, and
isotachs (light contours) are shaded above 30 m s* (light) and 60 m s* (dark).
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Figure 18. LAPS screen-level potential temperature and low-level wind speed
analyses at 6-hour intervals from 0000 UTC 29 January to 0600 UTC 30 January
2003. Contour interval for potential temperature is 2K, while the wind barbs have
their usual meteorological meaning. The line in the lower panel shows the locations of
diagnostics and cross-sections in Figs. 25 and 26.
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Figure 19. Time series of observations from Wangaratta (YWGT, see Fig. 1), Mt. Hotham (HOTH) and
Gelantipy (GELA) from 1300 UTC 29 January 2003 to 1200 UTC 30 January 2003. L &ft panels—wind
direction (degrees) in black, with wind speed and gust (knots) in red and green respectively. Right
pands — temperature (red) and dewpoint (green), both in C. Note the offset scales on the ordinates of
the right-hand pandls.
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Figure 20. Time series of Melbourne-region 0.05° Meso-LAPS forecasts for

Wangaratta (YWGT, see Fig. 1), Mt. Hotham (HOTH) and Gelantipy (GELA) from

1300 UTC 29 January 2003 to 1200 UTC 30 January 2003. Left panels —wind
direction (degrees) in black, with wind speed and gust (knots) in red and green

respectively. Right panels — temperature (red) and dewpoint (green), both in C. Note

the offset scales on the ordinates of the right-hand panels.
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Figure 21. Screen-level potentia temperature (contour interval 2K) overlaid with

near-surface wind barbs (left column), and forecast surface wind gust (right column)
for 18, 24 and 30-hour forecasts from the 0.05° meso-LAPS model run valid at 1800
UTC 29 January (top row), 0000 UTC (middle row) and 0600 UTC (bottom row) 30

January 2003.
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Operational 0.725 degree forecast
12HR FORECAST VALID 1200 UTC Wed 29 JAN 2003 T 800 hPa
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Figure 22. Forecast 800 hPa temperature and wind speed at 6-hourly intervals from
the 0.125° meso-LAPS model, valid at 1800 UTC 29 January, and 0000 and 0600
UTC 30 January 2003. Temperature contours are at 1K intervals, while isotachs are
shaded above 15 m s* (light) and 20 m s* (darker). The dark linein the upper panel
shows the position of the cross-sectionsin Fig. 23.
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12—hr FORC THET XN for 20030129/1200 UTC
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Figure 23. Cross-sections along the line shown in Fig. 22, valid at 1200 and 1800
UTC 29 January, and 0000 UTC 30 January 2003. Potential temperature (black) is
contoured at 2K intervals, with wind speed (dashed red) at 5 ms* intervals.
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Figure 24. Cross-section, along the line shown in Fig. 22, valid at 1800 UTC 29
January, of the component of the ageostrophic wind vector in the plane of the section,

with vertical motion (hPa/hr, negative values dashed) contoured.
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Figure 25. Upper panel — profile of forecast 950 hPa screen-level potential
temperature at 0400 UTC 30 January 2003 along the line of the cross-sections shown
in Fig. 18. Lower panel isthe profile of the diabatic heating rate (K hr'') diagnosed
from the forecast valid at 0300 and 0400 UTC along the same section.
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28—hr FORC THET XN for 20030130,/0400 UTC
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Figure 26. Cross-section of forecast potential temperature (solid contours, K) and
wind speed (dashed contours, ms™) along the line of the section shown in Fig.18.
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