
Introduction
The fires on Ash Wednesday 1983 were some of the
most destructive in Australia’s history, with 75 lives
lost, more than 2000 houses and 335 000 ha of rural
land burnt, and 250 000 stock lost. Bureau of
Meteorology (1984) (hereafter BOM84) documents
the meteorology of the situation, points to the extreme

drought prevailing at the time that led to very dry
fuels, and postulates that the mobile upper trough
associated with the event may be an ingredient that
differentiates a ‘blow-up’ fire day from a merely ‘bad’
fire day. That report did not, however, address the
issues of the dynamics of the frontal system that
moved through South Australia (SA) and Victoria on
16 February 1983, or address the issue of just how
extreme was the meteorology of the event, apart from
the issue of drought. An important feature that is
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stressed in the report, though, is the prolonged period
of strong winds after the change (BOM84; Corbett
1985) that had a major impact on the behaviour of the
fires and on the efforts being made to suppress them.
It is notable that on both Black Friday 1939 and Ash
Wednesday 1983 cold fronts moved through south-
eastern Australia with strong northerly winds ahead of
the fronts. However, on Black Friday the winds
dropped rapidly after the wind change, while on Ash
Wednesday a sustained period of strong winds fol-
lowed the front as well (see BOM84 Figs 77 and 91).
In addition, on Ash Wednesday the anemograph
charts in BOM84 show quite a deal of variation in the
character of the wind changes at different stations.
For example, at Mt Gambier (see Fig. 1 for all loca-
tions used in this paper) there is only a gradual change
in wind direction at the time of the frontal passage
(although with a marked increase in speed and
decrease in directional variance), but farther east,
around Melbourne, very strong directional changes
are seen as well. These variations in wind structure
before and after cool changes are crucial information
in the decision-making needed during fire-fighting
operations. As such it is vital that these structures are
both understood and reliably predicted, and it would
be highly advantageous to be able to differentiate
between the merely ‘bad’ and the ‘disastrous’ fire
days with some reasonable lead-time.

In the 21 years since the Ash Wednesday fires
meteorology has advanced both scientifically and
technically. The Cold Fronts Research Program
(CFRP, Ryan et al. (1985)) was in its infancy in
1983, with its then emphasis on ‘moist’ springtime
fronts, but the series of papers that came out of that
project and the subsequent studies addressing dry
summertime changes and their apparent ‘surging’
along the Victorian coastline (Reeder 1986; Reeder
and Smith 1987; Garratt 1986, 1988; Garratt and
Physick 1986, 1987; Physick 1988; Garratt et al.
1989; and later Mills 2002) have provided some
insights into the interactions between synoptic-scale
frontal systems and the differential thermal and stat-
ic stability gradients across the southern Australian
coastline during the warmer months. In that time as
well mesoscale numerical weather prediction
(NWP) models have developed to now frequently
provide outstandingly accurate predictions of com-
plex and extreme small-scale meteorological events.
The data generated by these models not only form a
vital component of the forecast process but also pro-
vide powerful diagnostic datasets.

A further resource now available is the archive of
numerical objective analyses that have been generat-
ed in national weather services since the commence-
ment of operational numerical weather prediction.

While radiosonde data provide long time series at a
point, objective analyses can be used to calculate gra-
dient or dynamic quantities at a point or over a region.
However, most operational numerical weather predic-
tion centres make regular improvements in assimila-
tion strategy and analysis and model resolution, and
these changes, as well as unavoidable changes (and,
generally, desirable improvements) in observing sys-
tems introduce inhomogeneities in time into these
datasets that reduce their potential utility for climatic
analysis. Re-analyses such as those described by
Kalnay et al. (1996) (NCEP R-1) and Kanamitsu et al.
(2002) (NCEP R-2) do provide such long-term, stable
objective analyses, and these can be used both for
diagnostic studies and for the initialisation of contem-
porary mesoscale numerical weather prediction mod-
els to demonstrate the ability of current systems to
forecast these rare events. Apart from the reanalysis
datasets, there are also some other operational
archives that do satisfy the same requirements of
homogeneity, and the Australian METANAL
(Seaman et al. 1977) archive is one such dataset, with
a stable analysis system in place from 1979 to 1993.

In this paper two issues will be explored using
archived objective analyses from two sources: the
METANAL operational analysis archives, and the
NCEP reanalyses. First, the performance of forecasts
based on analyses at 1100 and 2300 UTC 16
December 1983 and using a mesoscale version of the
Bureau of Meteorology’s LAPS NWP system (Puri et
al. 1998) are described, and assessed against the
observations and post-analyses presented in BOM84.
Some interpretation of the dynamics of the front is
presented, particularly the issue of the very strong
post-frontal winds. Second, it is apparent in both the
synoptic assessment and the NWP model output that

36 Australian Meteorological Magazine 54:1 March 2005

Fig. 1 Locality diagram.



the front passing through Victoria on 16 February
1983 was unusually deep, with a strong horizontal
thermal gradient to levels above 850 hPa. Using both
the METANAL archive and the NCEP reanalyses, it is
shown that, measured by the magnitude of the thermal
gradient at 850 hPa, this front was one of the strongest
in the entire analysis archive. Further examination
shows that other major southeastern Australian fire
events, such as the Hobart fires of 1967 and the west-
ern Victorian fires of 1977 also show this same char-
acter. The implications of these results for both medi-
um range prediction to alert fire agencies to a worse
than normal fire weather day, and for use as a diag-
nostic in climate change and climate variability stud-
ies are discussed.

Objective analysis archives and
numerical weather prediction models
The NCEP reanalyses have been described by Kalnay
et al. (1996) (R-1) and Kanamitsu et al. (2002) (R-2),
and full details are contained in these papers. A T62
resolution global spectral model with 28 vertical lev-
els was used as the forecast component of the inter-
mittent data assimilation cycle, and spectral statistical
interpolation used to perform objective analyses (cor-
rections to the six-hour forecast) at six-hour intervals.
The R-2 analyses included the correction of some
errors that were present in the first analysis set, but
used the same analysis and forecast model geometry.
Both sets of analyses were available for this study as
global 2.5° latitude/longitude grid fields on pressure
levels at 1000, 925, 850, 700, 600, 500, 400, 300, 250,
200, 150, 100, 70, 50, 30, 20 and 10 hPa.

METANAL (see details in Seaman et al. (1977))
is a much ‘older’ analysis system than that of the
NCEP reanalyses, using a 250 km grid on a Lambert
Conformal projection, eight pressure levels (1000,
850, 700, 500, 300, 250, 200, and 100 hPa), and did
not contain an assimilation cycle. Each 12-hourly
analysis was based on a set of bogus mean sea-level
pressure (MSLP) and bogus 1000-500 hPa geopo-
tential thickness observations interpolated from
manual analyses. These fields provided the basis for
the generation of the first guess fields for the objec-
tive analyses of the observed data, with the analyses
proceeding incrementally from the lowest layers.
The MSLP analysis thus provides a reference level
for the tropospheric analysis. The Australian
National Meteorological Centre maintained this sys-
tem in a ‘frozen’ form until 1994, even though it had
ceased to be used for the initialisation of their oper-
ational NWP systems from the mid-1980s. The
dataset thus provides a stable, homogeneous set of

analyses, particularly from 1979 when the TIROS
orbiting satellite sounding data first became avail-
able. While the analysis system might be considered
dated when compared with contemporary data
assimilation schemes, these analyses do provide an
independent comparison with the NCEP reanalyses.
The METANAL analyses were interpolated to a 2°
latitude-longitude grid by this author, and it is in this
form that they are used in this study.

Synoptic overview
A synoptic overview of the surface and upper air pat-
terns was presented in BOM84, using manual after-
the-event analyses. In this section some of this
description is repeated to provide a background for the
following discussion, but using the objective analyses
that also provide the initial state for the mesoscale
model forecasts described in the next section. The
charts shown are the MSLP analyses at 12-hour inter-
vals from 2300 UTC 14 February to 1100 UTC 17
February 1983 (Fig. 2), and the 500 hPa and 250 hPa
wind fields at the same times (Figs 3 and 4). At 2300
UTC 14 February 1983 there was a surface low over
Western Australia (WA) and a trough in the westerlies
southwest of WA (Fig. 2(a)). At both 500 and 250 hPa
(Figs 3(a), 4(a)) there was a northwesterly jet stream
over the southwest of WA, and a westerly jet stream
located well to the south. At this time there is some
evidence for a closed cyclonic circulation southwest of
WA at both these levels, near 33°S 105°E.

There was considerable amplification of the upper
trough in the 12 hours to 1100 UTC 15 February 1983
(Figs 3(b), 4(b)). The cyclonic curvature of the south-
ern portion of the trough increased, while the northern
part moved closer to the southwest corner of WA. The
speed in the northern jet stream increased, with the
northern and southern streaks merging south of the
Great Australian Bight to form a very strong, broad iso-
tach maximum. Based on the statistics in Maher and
Lee (1977) this jet, with speeds greater than 80 kn over
southwestern WA at 500 hPa was exceptionally strong
for that time of year. It is also perhaps of note that the
jet streaks ‘split’, evocative of the classic ‘blocking’
pattern, east of Tasmania, with the northern branch
curving anticyclonically into the Tasman Sea, while the
southern, northwesterly, jet stream remained associated
with the eastern flank of the trough in the westerlies.
With the eastward movement of these systems the anti-
cyclonic curvature of the northern jet streak became
quite marked south of Victoria at both 2300 UTC 15
February and 1100 UTC 16 February 1983 (Figs
3(c),(d) and 4(c),(d)). The surface low over WA moved
southeastwards and deepened as the westerly trough

Mills: Meteorology of Ash Wednesday 1983 37



38 Australian Meteorological Magazine 54:1 March 2005

Fig. 2 METANAL mean sea-level pressure analyses at 12-hour intervals from 2300 UTC 14 February (a) to 1100 UTC
17 February 1983 (f). Contour interval is 2 hPa.
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Fig. 3 METANAL 500 hPa wind fields at 12-hour intervals from 2300 UTC 14 February (a) to 1100 UTC 17 February
1983 (f). Isotachs are shaded above 60 and 80 knots.
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Fig. 4 METANAL 250 hPa wind fields at 12-hour intervals from 2300 UTC 14 February (a) to 1100 UTC 17 February
1983 (f). Isotachs are shaded above 80 and 100 knots.
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approached, and by 2300 UTC 15 February (Fig. 2(c))
had become associated with the eastward propagating
westerly trough system, moving through central and
southeastern South Australia (SA) and Victoria during
16 February. Rapid rises in pressure along latitudes
around 40°S followed this trough (Figs 2(d),(e)). In the
24 hours after 1100 UTC 16 February there was a rapid
return to zonal upper flow over and south of southeast-
ern Australia (Figs 3(e),(f) and 4(e),(f)) as a ridge of
high pressure at the surface moved into the Great
Australian Bight and extended through Bass Strait
(Figs 2(e),(f)).

BOM84 points to the interaction between the low at
the Head of the Bight and the upper trough, suggests
that the frontogenesis was enhanced by the land-sea
thermal contrast, notes the large isallobaric falls over
Bass Strait as the front approached, and also hypothe-
sises whether the rapid upper trough movement is the
‘extra meteorological factor that distinguishes between
a potentially “bad” fire weather day and a potentially
“disastrous” day’ (op. cit., p.89). Also indicated is the
‘reservoir’ of hot air over the continent that enhanced
the land-sea thermal contrast. This is illustrated in the
850 hPa temperature analyses in Fig. 5. At 1100 UTC
15 February much of the southern and central part of
the continent was overlain by a deep layer of hot air
with a potential temperature above 35°C (294K at 850
hPa, see Fig. 5(a)), and a cold pool was located just off
the southwest tip of WA. By 1100 UTC 16 February
1983 the coldest air was south of SA, near 42°S 134°E,
while the hottest air was located in a band stretching
from central Australia to central Victoria, leading to
what appears to be a remarkably intense thermal gradi-
ent over western Victoria (Fig. 5(b)). Clearly this
analysis indicates that the Ash Wednesday front was
deeper than many of the shallow summertime cool
changes (e.g. Mills 2002) that affect southern Australia.

One must be careful in interpreting these analyses
given that they are based on systems developed in the
late 1970s, and so do not contain the detail or dynam-
ic balance inherent in the much higher resolution data
assimilation systems in contemporary use. They are,
however, very similar to the analyses from both the
NCEP (R-1) and (R-2) datasets, and so it is reasonable
to assume that the structures are broadly correct.
(These analyses are presented as they are the ones on
which the forecasts presented in the next section are
based.) The fine-scale structure of the front as it
moved through Victoria, with coastal surging and
weakening inland (BOM84) is not seen in these
analyses (and should not be, given the analysis
methodology and resolution used): this will be
addressed using mesoscale NWP data in the next sec-
tion. Other aspects worthy of further investigation are
the effect of the mobility of the mid-tropospheric

trough, the intensity of the lower tropospheric tem-
perature gradient on the mesoscale meteorology of
the day, and the role of the strong, anticyclonically-
curved jet just south of Victoria: some of these aspects
will be addressed later in this paper.

Mesoscale modelling
Forecasts from 1100 (1200) UTC 15 February and
2300 UTC 15 February (0000 UTC 16 February)
were prepared based on the METANAL (NCEP R-1
and NCEP R-2) analyses. The forecast area was
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Fig. 5 METANAL 850 hPa temperature analyses at
1100 UTC 15 February (a) and 1100 UTC 16
February 1983 (b). Contour interval is 2K.
The box over southeastern Australia shows the
area over which the temperature gradient cli-
matology was calculated (see text for details).

(a)

(b)



110°E-160°E, 55°S-20°S (most of the area shown in
Figs 2 to 5) to ensure that the mobile trough was
within the domain throughout the forecast. The grid
spacing of the model runs was 0.1° latitude/longitude
(comparable to the 0.125° grid of the Australian
Bureau of Meteorology’s operational meso-LAPS
model), with the METANAL runs having 27 vertical
levels to a sigma level of 0.1 (close to the upper
analysis level of 100 hPa), and the NCEP forecasts
having 29 levels to a sigma level of 0.05 (the same as
the operational mesoscale NWP systems). Lateral
boundary conditions were specified using analyses
from the same series that initialised the particular
model run, and a climatological sea-surface tempera-
ture field was used. Given that drought conditions
were being experienced throughout southeastern
Australia at the time, the soil moistures were set to
wilting point. All other model details are as in Puri et
al. (1998) and Mills (2002).

The same general features were seen in each
model forecast, giving some confidence in the
results, but as the aim of this section is to demon-
strate the potential predictability of the event, and to
use the model fields as a diagnostic dataset to demon-
strate some of the processes operating on the day,
only the ‘best’ forecast will be presented here. The
assessment of which forecast was best was based on
the accuracy of the timing of the wind change
through southeastern SA and Victoria, using the data
from BOM84 and reproduced as Fig. 6. The most
accurate forecast was that based on the METANAL
analysis at 2300 UTC 15 February, with the wind
change forecast within one hour of the times shown
in BOM84 (their Table 3) from Mt Gambier to
Melbourne, although the movement of the simulated
trough was slower further north, moving through the
SA gulfs and northwestern Victoria up to two hours
later than observations indicated.

As a broad overview of the NWP model predic-
tions, the MSLP and low-level wind forecasts valid at
0400, 0700 and 1000 UTC are shown in Fig. 7 togeth-
er with the subjective post-analyses of BOM84 for
verification. At 0400 UTC (Fig. 7(a)), the model does
not show the analysed low southwest of Mt Gambier,
but rather shows two troughs, one extending north-
westwards from the western Victorian coastline and
approximately through Mt Gambier, and a second
trough further west that extends from the Southern
Ocean through Kangaroo Island and into Eyre
Peninsula. The pressure trough extending northeast-
wards from Cape Otway is well reproduced, and the
wind field shows a strong cyclonic wind shear across
this trough. The pressure trough extending into SA is
oriented more east-west than is the analysed trough.
In the southern part, this is due to the differences in

the position of the small low, and so may or may not
be an error. Further north the model has not advanced
the trough far enough to the northeast. At 0700 UTC
(Fig. 7(b)) a low is forecast in Bass Strait, just east of
King Island, in reasonable agreement with the verify-
ing analysis. The forecast pressure trough crosses the
coast just east of Cape Otway, matching the position
of the dashed trough line inserted there by the analyst,
but is not advanced northwards quickly enough
through the SA gulfs. Notable, and well forecast, is
the marked anticyclonic curvature and ridging
extending from the west into the southeast of SA, and
the ageostrophy of the forecast winds here is striking
(see also Cusworth (1985)), and shows marked simi-
larity to the post-frontal pressure/wind/temperature
patterns shown in Mills (2002). Finally, at 1000 UTC
(Fig. 7(c)), the Bass Strait low is well-forecast south
of Wilsons Promontory, the pressure trough is accu-
rately forecast to have passed through Melbourne, and
marked ridging has occurred along the Victorian coast
west of Melbourne.

In each of Figs 7(a), (b) and (c), the manual analy-
sis shows a front over the Southern Ocean for which
no equivalent can be seen in the numerical model
forecasts. These fronts appear to be associated with
the western edge of the cloudband seen in the satellite
imagery (see BOM84, Figs 40-42), and follow the
frontal analysis practices for synoptic-scale analysis
over the Southern Ocean described by Guymer (1977)
and used in the NMC at that time.

Moving to a more detailed examination of the
mesoscale forecasts as the change moves from the
southeast of SA through western and central Victoria,
the low-level wind field and the screen-level potential
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Fig 6 Wind change timing chart from BOM84, Fig.
63. Times are UTC on 16 February 1983. 0000
UTC is 10 am Eastern Standard Time.



temperature field are overlaid, as this combination
provides an instructive view of the evolving wind
change (Mills 2002). Figure 8 shows these fields at
two-hourly intervals from 0200 UTC to 1200 UTC.
There are several features seen that are similar to
those described in Mills (2002). These include
• The wind change through Mt Gambier appears as

a pre-frontal trough between 0400 and 0600 UTC,
when the lowest pressures are located over the
western Victorian coastline (Fig. 7(a)), and the
main thermal gradients are concentrated along the
coast (Fig. 8(b)). The wind change is not abrupt at
Mt Gambier, but rather shows a relatively contin-
uous backing with 30-35 kn winds following the

commencement of cooling (cf. the anemogram
trace in Fig. 81 of BOM84).

• The backing of the winds along the west coast of
Victoria, and the strengthening of the coastal ther-
mal gradient (particularly evident between 0400
and 0600 UTC, Fig. 8(b),(c)) as the cooler air of
the internal boundary layer is advected towards the
coast, even though the low-level winds further
west are still northwesterly.

• The development of a southwesterly surge along
the coast east of Cape Otway by 0800 UTC (Fig.
8(d)), and the development of a marked coastal
ridge to the west of the wind change (Fig.
7(b),(c)).
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Fig. 7(a) Mean sea-level pressure and low-level wind
forecast valid at 0400 UTC 16 February 1983
(top, contour interval for pressure 2 hPa, wind
barbs are at the 0.9943 sigma level) with
BOM84 verifying analysis in the lower panel.
Wind barbs are thinned to every 8th grid-
point.

Fig. 7(b) Mean sea-level pressure and low-level wind
forecast valid at 0700 UTC 16 February 1983
(top, contour interval for pressure 2 hPa, wind
barbs are at the 0.9943 sigma level) with
BOM84 verifying analysis in the lower panel.
Wind barbs are thinned to every 8th grid-
point. The line in the top panel shows the loca-
tion of the cross-sections in Fig. 11.



• The steady progression of the change through
western Victoria, with the onshore movement of
the main thermal gradient delayed until after the
main period of daytime diabatic heating.

• The differing structure of the cool change through
western Victoria compared with its structure as it
approaches Melbourne.
Features different from the simulation shown in

Mills (2002), but generally well supported by the
observations, are
• The very strong winds ahead of the front – broad

areas greater than 30 kn in the hot air ahead of the
change through most of Victoria.

• A sustained period of strong winds after cooling
commenced in southeastern SA and western
Victoria while the winds slowly backed to the
southwest.

• In central Victoria the strongest period of pre-
frontal winds occurred some hours before the wind
change, with lessening of the wind speed before
the change, and then a period of some two hours of
increased post-frontal wind speeds (seen at sta-
tions from Point Henry, Avalon, Laverton,
Melbourne Airport, Aspendale, Moorabbin, and
even Mildura – see BOM84 for locations). While
the model does not resolve the detail seen in the
anemograph traces, and certainly does not show
the almost instantaneous temperature drops seen in
the thermograph traces, there is certainly a great
degree of verisimilitude with observations.

• The very different wind behaviour at East Sale
(see the anemograph in BOM84, Fig. 78), where
strong northeasterly winds were reported during
the afternoon (Fig. 8(c)) before backing northerly
prior to a sharp southwesterly change with a peri-
od of sustained stronger winds to follow. This is
well simulated in Fig. 8.

• A zone of 25-30 kn post-frontal winds right though
central Victoria following the change. This is par-
ticularly well-defined along the coast east of Cape
Otway and immediately inland – the region where
the Lorne fires exhibited vast rate-of-spread fol-
lowing the wind change (see Oliver et al. (1984),
Fig. 5).

• Interesting is the very sharp cyclonic curvature
across the coast east of Cape Otway before the
change (see, for example, Fig. 8(b)), and which
corresponds to the pressure trough seen in both the
forecast and verifying pressure fields (Fig. 7(a)).

• A very strong post-frontal coastal ridge. Three-
hourly isallobar forecasts show not only a strong
pressure fall centre in Bass Strait associated with
the small low, but also a very large rise centre
(some 7 hPa/three-hours) between 0700 and 1000
UTC along the western Victorian coastline (Fig.
9), and a very strong isallobaric gradient stretching
from east of Cape Otway westwards through SA.
Some increased understanding of these features is

gained by examining their vertical structure using
vertical cross-sections and profiles. The coastal pres-
sure trough east of Cape Otway at 0400 UTC (Fig.
7(a), 8(b)) is the first feature. East of Melbourne this
trough is probably orographically forced, with a ridge
upstream of the Great Dividing Range, and a trough
in its lee. West of Melbourne, though, there is no anti-
cyclonic curvature of the isobars visible, and the
trough appears to be closely associated with the coast-
line from Melbourne to Cape Otway. A northwest-
southeast oriented vertical section through the coastal
pressure trough east of Cape Otway at 0400 UTC is
shown in Fig. 10, and in combination with the plan
view in Fig. 8(b), it is seen that the structure of the
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Fig. 7(c) Mean sea-level pressure and low-level wind
forecast valid at 1000 UTC 16 February 1983
(top, contour interval for pressure 2 hPa, wind
barbs are at the 0.9943 sigma level) with
BOM84 verifying analysis in the lower panel.
Wind barbs are thinned to every 8th grid-point.



system is very similar to that of the warm front in the
classic Norwegian frontal model (e.g. Petterssen
1956), although in this case the front is stationary, iso-
lated from any developing cyclone, and is confined to
the lower troposphere. Upward-sloping isentropes

extend southeastwards from the coastline, with a zone
of ascent immediately above the surface front.
Without performing the calculations, this ‘warm
front’ is likely to have been generated by diabatic
cooling from the sea surface as very hot continental
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Fig. 8(a-c) Forecasts over Victoria of 10 m potential tem-
perature and 0.9943 sigma wind speed and
direction at two-hourly intervals from 0200 -
0600 UTC 16 February 1983 over the
Victorian region. Contour interval for temper-
ature 2K. The line in the middle panel shows
the location of the cross-section in Fig. 10.

(a)

(b)

(c)

Fig. 8(d-f) Forecasts over Victoria of 10 m potential tem-
perature and 0.9943 sigma wind speed and
direction at two-hourly intervals from 0800 -
1200 UTC 16 February 1983 over the
Victorian region. Contour interval for temper-
ature 2K. The line in the middle panel shows
the location of the cross-section in Fig. 12.

(d)

(e)

(f)



air is advected offshore. This temperature gradient
leads, via the hydrostatic equation, to a pressure gra-
dient perturbation on the background pressure gradi-
ent that produces the observed and simulated cyclonic
turning of the winds.

Turning to the structure of the wind change as it
crosses the southeast SA coast, a series of cross-sec-
tions normal to the isotherms and crossing the coast
near Mt Gambier is shown in Fig. 11. At 0200 UTC
(Fig. 11(a)) a deep mixed layer is seen over the land,
a shallow boundary layer over the sea associated with
the cooler sea-surface temperature, and sloping isen-
tropes above the surface layer over the ocean. Note
that in the southwest (left of section) a band of strong
winds extends downwards along the sloping baroclin-
ic zone from the jet stream, with 25 m s-1 winds
extending to quite low levels. Wind speeds in the
mixed layer ahead of the front exceed 20 m s-1, sug-
gesting that gusts of that strength would be expected
at the surface. By 0600 UTC (Fig. 11(c)) cool air is
advancing rapidly from the southwest above the
marine boundary layer. The front (defined following
Hewson (1998) as the warm air edge of the zone of
strongest thermal gradient, and in this case best-iden-
tified by the 314K isentrope) is advancing onshore,
but the vertically oriented isentropes through much of
the depth of the pre-frontal mixed layer between the
nose of the front and the coastline suggest that surface
heat fluxes are acting in a frontolytic manner imme-
diately behind the initial temperature change. Tory

(1997) showed similar behaviour in his idealised
modelling studies. At this time, the leading part of the
change shows some similarities to the vertical struc-
ture of the change in the same area shown in Mills
(2002). However, over the subsequent three two-hour
intervals (Figs 11(d)-(f)) the differences are seen, with
a deep layer of tightly packed, steeply sloping isen-
tropes extending westwards behind the Ash
Wednesday front, and near-surface winds stronger
than 15 m s-1 after the change reflecting the eastward-
directed pressure gradient resulting from this deep
thermal contrast. The temperature gradient above the
boundary layer is relatively continuous in the cold air
– there is not a zone of strong gradient marking the
front followed by a weakening of the gradient. Rather
the temperature gradient, and by implication the pres-
sure gradient, is maintained for some considerable
distance to the west of the front, contributing not only
to the strong winds experienced after the change at Mt
Gambier, but also to the sustained period of these
strong winds.

This pattern is seen further east as well, with Fig.
12 showing a single cross-section representative of
the change as it moved from Cape Otway to the
Melbourne area. Ahead of the front, a deep mixed
layer extends above 700 hPa and with strong winds to
the surface, but west of the front, after the initial tem-
perature fall, there is an extended band of upward-
sloping isentropes together with a region of winds
above 15 m s-1.

Fig. 9 Forecast three-hourly isallobar field to 0700
UTC from the 0.1 degree mesoscale numerical
weather prediction model. Contour interval is
1 hPa, negative values (pressure falls) dashed.
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Fig. 10 Cross-section from the forecast valid 0400
UTC 16 February 1983. The cross-section is
oriented northwest-southeast across the coast
east of Cape Otway (see the line in Fig. 8(b)).
Solid contours are potential temperature, with
a contour interval of 2K. Overlaid are con-
tours of vertical motion (contour interval 20
hPa h-1) with ascent (negative values) having
longer dashes, and ascent centres marked by
‘U’ symbols.



One of the features noted in the synoptic descrip-
tion was the anticyclonically curved upper jet stream.
Figure 13 shows the forecast 250 hPa wind field at
0400 UTC 16 February – the time when the surface
low was beginning to form over western Victoria
(Fig.7(a)). In conditions of anticyclonic curvature on
the anticyclonic shear side of a jet stream the absolute
vorticity (overlaid on the wind barbs in Fig. 13(a))
can approach zero, or even become slightly positive
(anticyclonic), leaving the atmosphere neutrally iner-
tially unstable. In these situations rapid adjustment of
the upper flow patterns can occur and this can lead to
large values of upper divergence or convergence. A

band of positive to only slightly negative absolute
vorticity stretching from the Tasman Sea through
Bass Strait and into northern SA on the anticyclonic
side of the jet is apparent. The lower panel of Fig. 13
shows the ageostrophic winds overlaid with the 250
hPa the divergence field. Referring to the conceptual
model of ageostrophic flow under conditions of
straight-flow acceleration and of curved flow in gra-
dient balance after Shapiro and Kennedy (1981),
strong along-flow ageostrophic winds can be seen in
the anticyclonically curved jet east of Tasmania (a
curvature effect), an area of almost directly cross-
flow ageostrophy over western Victoria (straight-line
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Fig. 11(a-c) Cross-sections from forecasts at two-hour
intervals from 0200 to 0600 UTC 16
February 1983. The cross-section is oriented
southwest-northeast and crosses the coast
near Mt Gambier (see Fig. 7(b)). Solid con-
tours are potential temperature (contour
interval 2K), and dashed lines show wind
speed, with a contour interval of 5 m s-1.

(a)

(b)

(c)

Fig. 11(d-f) Cross-sections from forecasts at two-hour
intervals from 0800 to 1200 UTC 16
February 1983. The cross-section is oriented
southwest-northeast and crosses the coast
near Mt Gambier (see Fig. 7(b)). Solid con-
tours are potential temperature (contour
interval 2K), and dashed lines show wind
speed, with a contour interval of 5 m s-1.

(d)

(e)

(f)



acceleration of the flow over western Bass Strait), and
a region of ageostrophic wind vectors directed across
and against the jet south of SA. This last region can be
interpreted as a combination of sub-geostrophic
winds associated with the curvature of the upper
trough, and a transverse jet-entrance pattern associat-
ed with the acceleration of air parcels into the north-
westerly jet streak. The resulting divergence pattern
shows two main areas of upper divergence – one
south of SA associated with the approaching trough
and the acceleration into the jet stream, and the other,
smaller, area over southwest Victoria associated with
the acceleration of parcels into the anticyclonically
curved flank of the jet streak. With the absolute vor-
ticities in this area near zero, it is a reasonable hypoth-
esis that the rapid adjustments in this region con-
tribute to the upper divergence, and hence to the sur-
face pressure falls experienced in this region (Fig. 7).

Complementing this analysis, and bearing in mind
that surface pressure falls are a consequence of low-
ering mass in the column above that point, then in
order for pressures to fall, there must be a net warm-
ing of the atmospheric column above that point,
assuming there is some invariant level at a sufficient
height (Godson 1948; Hirschberg and Fritsch 1991).
Figure 14 shows vertical temperature soundings from
the model forecasts, the soundings in the upper panel
being located in the centre of the Bass Strait low at
0700 UTC, and those in the lower panel in the centre
of the isallobaric rise centre over western Victoria
(see Fig. 9) at 1000 UTC. In each case the tempera-
ture profile at that time (magenta), and also three
hours earlier (cyan) is shown. The two traces in the
Bass Strait low show pronounced warming below 700

hPa, and also a lesser, but deep warming above 250
hPa associated with the approach of the upper trough.
This indicates that much of the pressure fall was asso-
ciated with the low-level warm-air advection (as was
seen in the Mills (2002) case), but that upper-level
warming also played a role in this case.

The three-hourly temperature change leading to
the large pressure rises over western Victoria is seen
to lie largely below 700 hPa with cooling of around
18°C at the surface. There is some lower-stratospher-
ic warming, but this is insufficient to compensate for
the extraordinary cooling in the lower levels.
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Fig. 12 Cross-section from the forecast valid at 1000
UTC 16 February 1983. The cross-section is
oriented southwest-northeast and crosses the
coast near Cape Otway (see the line in Fig.
8(e)). Solid contours are potential temperature
(contour interval 2K), and dashed lines show
wind speed, with a contour interval of 5 m s-1.

Fig. 13 Diagnostics of upper jet structure from the
forecast valid at 0400 UTC 16 February 1983.
Top panel 250 hPa wind barbs, with contours
of absolute vorticity overlaid. Contours for
absolute vorticity are unevenly spaced with
negative values dashed, and units of s-1 by 106.
Lower panel 250 hPa ageostrophic wind vec-
tors overlaid with contours of 250 hPa diver-
gence, units s-1 by 106 and contour interval 15.
Areas of absolute vorticity greater than
–15x10-6 and of divergence greater than
15x10-6 are shaded.



In these forecasts some of the features of the
coastal frontogenesis shown in Mills (2002) are evi-
dent – the development of a low ahead of the front
over the land in response to daytime heating, the
coastal thermal gradient and the cooler marine inter-
nal boundary layer contributing to the onshore pres-

sure gradient and the movement of the front onshore
at much the same time, and the development of a
coastal ridge to the rear of the front. Different though,
is the depth of the cool air behind the front. In the
Mills (2002) case the coastal front developed almost
unhindered by larger scale processes, with the major
trough system being a very slow-moving cut-off low
well to the west of the Victorian coastline. In this Ash
Wednesday case, though, the major synoptic-scale
system was very mobile, as indicated in BOM84, but
also extending through the depth of the troposphere.
The hydrostatic consequence of this deep layer of
cool air is that through the depth of the continental
mixed layer, in this case to above 700 hPa, a strong
pressure gradient developed between the cool air
from the west and the hot continental mixed-layer air.
This then accelerated not only the pre-frontal
(northerly) low-level jet that developed as a result of
the atmosphere attempting to restore thermal wind
balance, but also accelerated the post-frontal winds.

Climatological analysis
In this section the subjective impression that the
METANAL 850 hPa temperature analysis (Fig. 5)
showed an unusually strong thermal gradient is to be
tested. A simple way of determining this is to compute
the values of 850 hPa |∇T| at each grid-point over a
sub-area of the analysis domain from each analysis in
the METANAL archive. Using centred differences
over a small rectangle over Victoria (41°S-33°S and
136°E-150°E, see Fig. 5(b)) for all February analyses
for the years 1979-1993, determining the largest value
of |∇T| over that small area (termed TG hereafter) and
ordering these 842 values by the magnitude of TG
showed that the largest February value in the 15-year
METANAL archive occurred at 1100 UTC 16
February 1983 – the evening of Ash Wednesday, con-
firming that the subjective impressions gained from
inspection of Fig. 5 are valid – this was an exception-
ally strong 850 hPa temperature gradient and thus an
exceptional weather system.

Fifteen years is not a particularly long period if
extreme conditions are to be assessed, and so it was
decided that the NCEP reanalyses would form the basis
for an analysis over a longer period, and 40 years from
1964-2003 was chosen as a ‘round number’.
Calculating TG at 12-hour intervals (0000 and 1200
UTC) over 40 years for the summer months
(December-February) and an area from 137.5°E to
150°E and 40°S to 35°S (the NCEP analyses are at 2.5°
intervals) yields a dataset of some 2200-2480 entries
per month. It is realised that the NCEP (R-1) analyses
did contain an error in the use of southern hemisphere

Mills: Meteorology of Ash Wednesday 1983 49

Fig. 14 Top panel shows the 0400 UTC (cyan) and the
0700 UTC (magenta) forecast vertical temper-
ature and dew-point profiles at 39.5°S 145.2°E.
Lower panel shows the 0700 UTC (cyan) and
1000 UTC (magenta) profiles at 38.0°S
142.5°E.



bogus surface pressure observations (Kanamitsu et al.
2002) and so it is of concern that this error may make
this analysis problematic, and so the distribution for the
same 15 years as the METANAL dataset was extracted
and ordered as before. In this case the Ash Wednesday
analysis rated third strongest in the 15 years, but the
same three dates formed the top three values of TG in
both datasets, and the TG values had similar means and
distributions. Accordingly it was felt that the NCEP (R-
1) dataset was suitable for this longer period analysis.

Figure 15 shows the distribution of values of TG
for February for the 40 years. There are a very small
number of large values (there are only three values
greater than 3.5K per 100 km), a fairly rapid decline
in the numbers of large values, followed by a fairly
even distribution, apart from the rare small values.
The same broad pattern is shown in all months (not
shown), although the magnitude of the largest values,
and of the mean is less in the cooler months. The
largest values of TG, as measured by the mean of the
highest 10 values in the month, the mean, and the
median values all have their highest values in the
summer months, peaking in January. The median
value is always slightly less than the mean, indicating
a slightly skewed distribution and seen in Fig. 15 as a
sharper curve at the low end than the high end of the
frequency distribution, with very high values a little
more frequent than very low values.

This analysis of 40 summers further confirms that
the very high values of TG seen on Ash Wednesday
are most unusual. Indeed, for the months of
December, January and February from 1964-2003
inclusive, the TG value for the evening of Ash
Wednesday 1983 rated 10th out of the 7151 values
available. Table 1 shows the data for the 30 largest
values of TG for these 40 summers (note that the dis-
tribution shown in Fig. 15 is that for February only,
while the data in Table 1 includes all three summer
months), with the east-west and north-south compo-
nents of the gradient also listed, together with a com-
ment if fires were reported in southeastern Australia
on that day. (It must be noted that the sources of this
fire information are varied and do not form a compre-
hensive, rigorous database. Those sources that con-
tributed to these reports are listed in the footnote to
Table 1, and were gleaned from the author’s knowl-
edge and a search of the Bureau of Meteorology’s
library catalogue.) It is of interest that many of the
greatest fire events of that period (Ash Wednesday
1983, Eastern Victorian (Alpine) fires blowout day on
30 January 2003, the western district (Streatham) fires
of 1977, the central Victorian fires of 1985, and the
Hobart fires of 1967) are included in this list, indicat-
ing that given the vagaries of ignition likelihood and
suppression efficiency, the extreme meteorology of

these days was a significant factor in the fire weather
as well as the weather of the day. Examining the data
in Table 1 in more detail, it is seen that on many of the
fire event days the east-west gradient is larger than the
north-south gradient, but on many of the non-event
days (admittedly a very loose classification given the
lack of rigour in defining an ‘event’) the north-south
gradient is greater than the east-west gradient. If the
40-year summer data are sorted by the magnitude of
the east-west component of TG (Table 2) all the sem-
inal events listed are clustered in the top 0.3 per cent
of the entries.

This suggests that the difference between a ‘bad’
fire weather day and a ‘disastrous’ fire weather day
may lie in the depth and orientation of the thermal
gradient on the day. A deep thermal gradient with
meridionally oriented isotherms will lead to strong
northerly winds ahead of the front by dint of the
acceleration of the pre-frontal jet as the atmosphere
adjusts to thermal wind balance, while the pressure
gradient resulting from a deep, strong cool-warm gra-
dient directed from west to east will tend to lead to
more rapid frontal movement and stronger post-
frontal winds. Indeed, an almost necessary condition
for a strong west-east thermal gradient is higher than
normal temperatures on one side of the gradient,
while synoptically many of the days of stronger
north-south gradients appear to be associated with
stronger westerly flow regimes, and thus cooler tem-
peratures over southern Victoria. There are some
exceptions to this, of course, such as 3 January 1990
(line 20 of Table 1) when Long (2002) quotes 132
bushfires occurring through Victoria on a day of
extreme fire danger and damaging winds. However,
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Fig. 15 Distribution of the maximum value of |∇∇T| at
850 hPa over the Victorian rectangle for all
February NCEP R-1 analyses for the years of
1964-2003 inclusive. Data are ordered by the
value of |∇∇T| and 2260 data points are repre-
sented in this bar graph, with the labelling
along the abscissa at 5% intervals.



many of the fires on that day were in the north of the
state, and the more zonally-oriented isotherms may
relate more closely to the conditions under which the
1993/1994 and 2001/2002 New South Wales fires
exploded, when conditions were quite cool in south-
ern Victoria. 

While it would be expected that most summertime
cool changes in southeastern Australia would show

strong near-surface temperature gradients, many of
these systems are relatively shallow (e.g. Mills 2002)
– the choice of the 850 hPa level to select strong
fronts ensures that systems so selected have a suffi-
cient depth of cool air to their west to provide a strong
west-east pressure gradient force, leading to stronger
post-frontal westerly or southwesterly winds. The
relation between the strong gradient and higher tem-
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Table 1. The 30 highest values of 850 hPa temperature gradient (TG) calculated over the Victorian rectangle (see text
for details) for the 40 years of December, January and February NCEP (R-1) analyses. Units of TG are °C per
100 km, subscripted x and y refer to the individual components of the gradient in the zonal and meridional
directions, and Tmax is the highest temperature in the area of calculation. Entries in the ‘Location’ column
describe briefly the location of any fires reported on the day in the references cited below. Entries are ordered
by the magnitude of TG.

Date Time TG TGx TGy Tmax Location

19961225 1200 3.89 2.26 3.16 292.3 Tasmania (6)
19860202 0 3.87 2.92 2.53 290.3
19721202 0 3.86 3.09 2.30 293.1 Yarra Junction (2)
19780115 0 3.79 3.73 0.68 298.7 Paynesville (7,2)
19701204 1200 3.76 2.85 2.44 296.9
20030130 0 3.75 3.21 1.94 300.5 Alpine Fires blowout (6)
19771217 1200 3.64 2.20 2.89 292.7
19860209 0 3.62 2.15 2.91 289.6
19960119 0 3.62 2.81 2.28 293.5
19830216 1200 3.55 3.26 1.42 298.7 Ash Wednesday 
19650117 1200 3.55 2.59 2.42 297.5 Longwood (1, 7)
19951203 1200 3.55 1.97 2.94 289.5
19660115 1200 3.53 1.83 3.02 293.4
19900130 1200 3.53 2.85 2.08 294.6
19941228 1200 3.53 1.97 2.93 288.8
20010115 0 3.52 1.88 2.98 295.3
19800124 1200 3.51 1.66 3.09 288.2
19800110 1200 3.49 3.40 0.80 293.6
19790107 1200 3.49 1.08 3.32 294.1
19900103 0 3.49 1.69 3.05 299.5 132 fires in Victoria (8)
19770212 1200 3.49 3.35 0.95 296.8 Streatham (3)
19820124 1200 3.48 2.51 2.41 302.0 Yallourne (2)
19850114 1200 3.47 2.88 1.92 298.7 Central Victoria (4)
19900103 1200 3.46 1.79 2.96 292.1 132 fires in Victoria (8)
20030130 1200 3.45 2.61 2.26 290.2 Alpine fires blowout (6)
19980226 1200 3.45 2.81 1.99 298.2 SA / Mt Macedon (2,6)
19940107 1200 3.45 1.73 2.98 287.9
19870202 1200 3.44 2.53 2.33 296.3
20030107 1200 3.44 2.39 2.48 295.5 Alpine fires Ignition day
19670207 1200 3.44 1.40 3.14 292.8 Hobart fires (5)

References 
1 Cheney (1979)
2 Bureau of Meteorology Monthly Weather Review – Victoria (appropriate month)
3 McArthur et al. (1982)
4 Bureau of Meteorology (1985)
5 Bond et al. (1967)
6 Bureau of Meteorology Services Policy Branch Severe Weather Summaries (since 1996)
7 Country Fire Authority, Victoria – http://www.cfa.vic.gov.au/sigfires.htm
8 Long (2002)
9 Geddes and Pfeiffer (1981)



peratures for days of documented fires in Table 1 is
illustrated in Fig. 16, which shows the scatter-plot of
the TG value on each day against the highest values
of the 850 hPa temperature along 37.5°S (the middle
row of the sub-grid over which TG is calculated). The
values for the days on which fire events are noted in
Tables 1 and 2 are circled, and it is very clear that the
disastrous fire days are clustered in the zone that

includes both the highest gradients and the highest
temperatures.

There are, of course, days of high TG for which
there have not been major fires attributed, and the
vagaries of ignition sources, ease of suppression, and
reporting come into play here. There are also other
seminal events in Victoria, such as the day of the Lara
fires on 8 January 1969, when 22 deaths occurred (see
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Table 2. The 30 highest values of 850 hPa zonal temperature gradient (TGx) calculated over the Victorian rectangle (see
text for details) for the 40 years of December, January and February NCEP (R-1) analyses. Units of TG are °C
per 100 km, subscripted x and y refer to the individual components of the gradient in the zonal and meridion-
al directions, and Tmax is the highest temperature in the area of calculation. Entries in the ‘Location’ column
describe briefly the location of any fires reported on the day in the references cited below. Entries are ordered
by the magnitude of TGx.

Date Time TG TGx TGy Tmax Location

19780115 0 3.79 3.73 0.68 298.7 Paynesville (7,2)
19800110 1200 3.49 3.40 0.80 293.6
19770212 1200 3.49 3.35 0.95 296.8 Streatham (3)
19790203 0 3.33 3.31 0.39 293.8 Caroline Forest (9)
19830216 1200 3.55 3.26 1.42 298.7 Ash Wednesday
20030130 0 3.75 3.21 1.94 300.5 Alpine Fires blowout (6)
19721202 0 3.86 3.09 2.30 293.1 Yarra Junction (2)
20020111 0 3.32 3.03 1.34 292.3
19770212 0 3.18 3.02 0.97 295.6
19820111 1200 3.44 2.95 1.76 300.8 Central Victoria (2)
19760103 0 3.00 2.93 0.66 297.0
19860202 0 3.87 2.92 2.53 290.3
19850114 1200 3.47 2.88 1.92 298.7 Central Victoria (4)
19780115 1200 3.34 2.87 1.70 293.5 Paynesville (7,2)
19980216 0 2.99 2.87 0.80 284.8
19670106 0 3.10 2.86 1.18 291.9
19701204 1200 3.76 2.85 2.44 296.9
19841225 1200 3.33 2.85 1.72 289.9
19900130 1200 3.53 2.85 2.08 294.6
19670207 0 3.26 2.84 1.60 296.0 Hobart (5)
19980226 1200 3.45 2.81 1.99 298.2 SA / Mt Macedon (2,6)
19880114 1200 3.29 2.81 1.72 300.5
19650118 0 3.01 2.81 1.09 293.2
19960119 0 3.62 2.81 2.28 293.5
19680224 1200 3.23 2.79 1.63 297.1
19810103 0 3.20 2.79 1.56 297.9 Mallee fires (2)
19841225 0 3.37 2.78 1.90 297.0
19850131 0 3.02 2.78 1.16 287.1
19731202 1200 3.09 2.76 1.38 290.4
19680224 0 3.27 2.76 1.76 298.6

References 
1 Cheney (1979)
2 Bureau of Meteorology Monthly Weather Review – Victoria (appropriate month)
3 McCarthur et al. (1981)
4 Bureau of Meteorology (1985)
5 Bond et al. (1967)
6 Bureau of Meteorology Services Policy Branch Severe Weather Summaries (since 1996)
7 Country Fire Authority, Victoria – http://www.cfa.vic.gov.au/sigfires.htm
8 Long (2002)
9 Geddes and Pfeiffer (1981)



Finocciaro et al. 1970), that are not included in Table
1. On that day the TG value was 2.549, ranking that
event in the upper ten per cent of all summer events.

There have been other studies of fire weather cli-
matology in Australia – for example Foley (1947),
Williams and Karoly (1999) and Long (2002) – but all
are different from the climatological analysis present-
ed in this paper. Indeed, the analysis in the previous
section is highly focussed, based on the hypothesis
that the 850 hPa temperature field shown in Fig. 5 did
show a climatologically extreme gradient and that this
may be an indicator of extreme fire weather, and does
not go beyond that hypothesis. Further the analysis
only applies to the small area over southeastern
Australia over which TG was calculated.  Foley
(1947) exhaustively documented many significant
fire events in Australia, including highly instructive
sequences of surface analyses for major events.
Williams and Karoly (1999) showed some relation
between the phases of ENSO and the seasonal fire
danger index (FDI) for some parts of Australia, but
noted that a large fraction of the inter-annual variabil-
ity in FDI is not associated with ENSO. Long (2002)
produced a climatological analysis of FDI frequency
distribution for selected Victorian stations and associ-
ated synoptic types with values of extreme fire dan-
ger. She showed that days of extreme fire danger
index were associated with strong northwesterly flow
synoptic types, but that these synoptic types were
poor predictors of extreme fire danger. All three ref-
erences above, and most others, point to the necessary

condition of significant rainfall deficiency leading to
a higher than normal seasonal fire danger.

However, the value of TG, perhaps combined with
the highest temperature, is a very simple parameter –
there is no complex processing or calculations of
indices that may be complex multiparameter func-
tions – and would be expected to be predictable with
contemporary short and medium-range numerical
weather prediction models. This may provide an addi-
tional aid to differentiating ahead of the event the
potential for a worse than normal fire weather event.

Discussion
It has been shown that even with relatively coarse ini-
tial conditions, a contemporary operational NWP
model would in all likelihood predict an Ash
Wednesday-like front quite accurately if such a mete-
orological event were to occur again, although it must
be acknowledged that analysis lateral boundary con-
ditions were used in the forecast. The timing of the
frontal passage in the hindcast presented in this paper
is quite accurate, and many of the structures seen in
the observations are relatively well reproduced by the
NWP model forecast. In particular, the strong post-
frontal winds are forecast. It is seen that some of the
coastal interactions with the synoptic-scale front, such
as those described in Mills (2002) for the shallow cool
change of 21 January 1997, are evident in this event,
but that the depth of cold air associated with a very
strong synoptic-scale system on Ash Wednesday com-
bined with the coastal temperature gradient to pro-
duce a very strong front, a strong post-frontal pressure
gradient, and thus strong post-frontal winds. In both
the shallow front of 21 January 1997 and the deep Ash
Wednesday front, a synoptic-scale front provided the
environment in which the coastal frontogenesis and
coastal surging of the front could occur – the former
front had only weak synoptic forcing, while the latter
had very strong synoptic forcing with the two
processes reinforcing each other.

The mesoscale NWP model forecasts and the
observations again reinforce the point that these sum-
mertime fronts are highly ageostrophic, and that the
rapid adjustment of the atmosphere to the extreme
small-scale pressure gradients generated cause the
wind changes to have differing characters in different
parts of the State (or stages in the front’s evolution).
Differentiating and accurately forecasting these struc-
tures would provide vital information for incident
managers.

This case study indicates that the depth of the cool
air behind the front was a crucial factor contributing
to the severity of the event. An analysis of 40 years of
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Fig. 16 Scatterplot the values of  |∇∇T| at 850 hPa over
the Victorian rectangle versus the maximum
temperature value on the middle latitude row
(37.5°S) of that rectangle over the months of
December-January-February for the 40 sum-
mers from 1963/64 to 2002/03. Values circled
are those for which there are fire event entries
in the right-hand columns of Tables 1 and 2.



data shows that the temperature gradient at 850 hPa
on Ash Wednesday was the third strongest experi-
enced in February, and the tenth strongest experi-
enced over the three summer months of the 40-year
period examined. This study also indicates that many
(and perhaps most) of  the most extreme fire events in
Victoria were associated with the strongest 0.3 per
cent of analysed 850 hPa temperature gradients. Thus
while extreme fire danger, and indeed fires causing
loss of life, can occur with shallow cool changes (e.g.
the Dandenong Ranges fire of 21 January 1997 –
Mills (2002)), a feature of the events such as Ash
Wednesday 1993, and the Hobart fires of February
1967 is the depth of the frontal system. Emergency
Management Australia (www.ema.gov.au/ema/
emaDisasters.nsf) lists 188 deaths associated with
bushfires in SA, Victoria and Tasmania over the 40
years analysed in this paper. Of these deaths, 152
occurred on the days listed in Table 1 – approximate-
ly 80 per cent of the deaths recorded. While BOM84
postulated that the mobility of the upper trough was
this crucial factor, this study suggests that it is the
depth or intensity of the system that is crucial,
although the two hypotheses are not incompatible,
and indeed may well be complementary.

The climatological analysis of the magnitude of
the maximum 850 hPa temperature gradient over
southeastern Australia shows that days on which
extreme fire behaviour resulted are associated with
extreme values of this parameter. Since it is reason-
able to expect that contemporary operational medium
and short-range NWP models should be able to pre-
dict this quantity with some skill, then it may poten-
tially provide an alert that may differentiate between
a blow-up day and a merely bad day of extreme fire
danger – a parameter space encompassing the area of
circled data points in Fig. 16. Clearly seasonal factors
play a role – rainfall deficiency is an overwhelming
factor in all the events referred to in Tables 1 and 2, as
this leads to states of low fuel moisture, but only a
few days in each season are in the outer range of
extreme FDI experienced. This analysis identifies
those extreme days within a dry season when sub-
synoptic-scale weather systems may, in combination
with drier than normal fuels, produce a ‘blow-up’
day. There is still the potential for a range of extreme
mesoscale meteorological effects to take place, and
these will vary in detail from event to event. It is the
role of the mesoscale NWP model to forecast these
effects and it was shown in Figs 7 and 8 how effective
such NWP forecasts can be. The approach has only
been applied to the Victorian area of Australia in this
paper, but is perhaps worth applying to other sub-
regions of southern Australia to assess its potential. A
separate and complex issue is whether there is a rela-

tionship between the circulation features that cause
drought and those that produce the strong temperature
gradients, and whether there is any synergy between
these two factors. It should also be noted that the
parameter space identified in Fig. 16 applies to the
NCEP (R-1) reanalysis dataset only, and before being
used objectively with operational models would need
to be calibrated to these models. It could however, be
applied immediately in a subjective sense. Finally, an
assessment of the frequency of occurrence of high
values of 850 hPa temperature gradient over southern
Australia may provide a methodology for assessing
likely change in extreme fire weather frequency over
southeastern Australia in climate change scenarios by
comparing the frequency distribution of TG from the
output of parallel climate model runs.
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