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Foreword 
 
This is a report on meteorological aspects of the severe fires that burnt over one million 
hectares of vegetation over northeast Victoria early in 2003.  The aim of the report is to put 
on record a summary of the meteorology and climatology leading up to and during the fires, 
the operational practices and procedures which were employed by the Bureau of 
Meteorology, the services provided by the Bureau to the fire agencies, and forecasting issues 
confronted by the forecasting team at the time.  It is hoped that this will provide a useful 
permanent reference for anyone who is involved in the provision of fire weather services in 
the future. 
 
The intended audience is all interested staff in the Bureau of Meteorology, especially those 
involved in the provision of fire weather services, staff who are involved in the development 
of policy relating to fire weather forecasting services, those involved in research into fire 
weather, and senior Bureau staff.  This is a public document which will also be of particular 
interest to external bodies including the Country Fire Authority, the Department of 
Sustainability and Environment Fire Management Branch in Victoria, agencies responsible 
for combating wildfires in other States, research units interested in fire behaviour at the 
universities, CSIRO, and the newly formed Bushfire Cooperative Research Centre. 
 
I would like to take this opportunity to thank the principal author of this document, Tony 
Bannister, who was Manager of the Severe Weather Section in the Victoria Regional Office 
at the time of the fires, and Jon Gill, Manager of Weather Services, Victoria who provided 
strong editorial support and greatly assisted in getting the document into its final shape.  The 
National Climate Centre of the Bureau of Meteorology prepared the maps of the climate 
leading up to earlier bushfire events in 1939 and 1983.  The maps showing the extent of the 
fires were provided by the Department of Sustainability and Environment.   
 
I would also like to make a special tribute to the forecasting team who worked so tirelessly 
during the period of the fires and all the support staff throughout the Victoria Region and 
the Bureau as a whole who collectively contributed to the very high standard of forecasting 
service.  I also thank the operational staff of the Victorian fire fighting agencies for their 
cooperation and doing all that they could to ensure that communication between the Bureau 
and the agencies was open and efficient at all times. 
 
 

 
 
Mark Williams 
Regional Director, Victoria 
Bureau of Meteorology 
 
October 2003 
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Introduction 
 
Southeastern Australia is acknowledged as one of the most fire prone areas in the world.  
Prior to the 2002/03 fire season, two of the defining fire events in Victoria were Black 
Friday in January 1939 and Ash Wednesday in February 1983.  To this list is now added the 
Eastern Victorian Fires of 2003. 
 
Over a period of nearly 60 days between  January and March 2003, well over 1 million 
hectares of National Parks, State forests and grazing land were burnt (Figure 1).  This is the 
largest single Victorian fire in area since 1939. Remarkably, given the extent of the fire, there 
was no loss of life in Victoria directly attributable to the fire. 
 
 

 

Figure 1: Northeast Victoria showing place names referred to in text. Final extent of the fires 
is shaded. 

 
The Eastern Victorian Fires began with the passage of thunderstorms across central and 
eastern Victoria during 8 January 2003.  Lightning associated with these thunderstorms 
initiated over 80 fires across eastern Victoria.  Most of the initial fires were rapidly contained. 
However, due to the dryness of the forests and the lack of rain during the subsequent weeks, 
it was not until 7 March that all the fires were contained.  The fire-fighting effort was 
implemented by the Victorian Government, mainly through the lead fire fighting agencies of 
the Department of Sustainability and Environment (DSE) and the Country Fire Authority 
(CFA).  In support of this campaign, the Victorian Regional Office of the Commonwealth 
Bureau of Meteorology provided a sustained level of fire weather service not previously 
delivered from this office. 
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This report provides an overview of the meteorological conditions associated with these 
fires, including the antecedent climatic conditions, as well as the weather conditions that 
occurred on particular days of note during the event: 
o Chapter 1 describes the climatic conditions leading up to the fires, including 

comparisons with the conditions prior to Black Friday and Ash Wednesday; 
o Chapter 2 provides a general synopsis of the weather during the Eastern Victorian Fires 

period as well as a detailed analysis of three weather events of particular interest; 
o Chapter 3 describes the forecasting and warning service provided by the Bureau; 
o Chapter 4 gives a summary of the outposting service that was established to support fire 

operations in the field; 
o Chapter 5 provides a summary of some of the key forecasting issues that arose; and  
o a summary and conclusions are provided in Chapter 6.  
 

Terminology and units 

Throughout this report, times are quoted as Eastern Daylight Saving Time (UTC + 11 
hours) except where noted.  Wind speeds are in kilometres per hour (km/h) or knots as 
indicated and temperatures in degrees Celcius (°C).  Wind directions refer to the direction 
from which the wind is coming and are given in 16 points of the compass.  A location map 
showing key sites mentioned in this report is shown in Figure 1. 
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Chapter 1: Antecedent Conditions  

1.1 Australia-wide 

The Australian climate of 2002 was dominated by the influence of a moderately strong El 
Niño event.  The El Niño was first apparent around March 2002, with the development of 
anomalously warm sea surface temperatures in the central and eastern equatorial Pacific 
Ocean. By mid-June, anomalous oceanic and atmospheric patterns consistent with El Niño 
were well-established and remained in place through the remainder of 2002. 
 
As a result, in excess of 95% of the country received below average rainfall during the March 
to December period, with 61% recording rainfall in the lowest 10% (decile 1) of recorded 
totals (Figure 1.1).  This was the second largest area of decile 1 rainfall for any 10-month 
period on record, inviting comparisons with the 1901/02 ‘Federation Drought’.  Between 
April and October (Australia’s main crop and pasture growing season), 68% of the country 
experiencing decile 1 rainfall, the largest area to record decile 1 rainfall for any 7-month 
period. 
 

 

Figure 1.1: Australian rainfall deciles for the 10-month period to 31 December 2002 
 
The impact of the rainfall deficiencies was exacerbated by higher than normal evaporation 
rates due to well above average daytime temperatures.  The seasonal Australia-wide mean 
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maximum temperatures were the highest on record for autumn, winter and spring, 
surpassing the previous records by a considerable margin.  In all, the nine months from 
March to November saw an all-Australia maximum temperature anomaly of +1.65º C, the 
warmest on record for this three-season period, eclipsing the previous record set in 1980 by 
an extraordinary 0.63º C. 
 
The exceptional warmth recorded during the year was the result of interannual temperature 
variability overlayed on a longer-term warming trend which has affected Australia and global 
temperatures for about 50 years.  Impacts of the hot and dry conditions were numerous.  
Dust-storms became prominent over the interior.  Apart from Victoria, large and devastating 
bushfires also occurred in Queensland, New South Wales, the Australian Capital Territory 
and Western Australia.   

1.2 Victoria 

By the end of 2002, much of Victoria had suffered a 6-year period of below average rainfall, 
with some areas experiencing their lowest ever 6-year rainfall amount (Figure 1.2).  Despite 
this, the area that was to be affected by the Eastern Victorian Fires (indicated by the black 
outline in Figure 1.2) escaped the worst of this, with 6-year totals mostly average to below 
average (rather than very much below average).  
 
Nevertheless, conditions preceding the Eastern Victorian Fires were dry, illustrated by the 
12-month rainfall distribution for the period November 2001 to October 2002 (Figure 1.3). 
 
The dryness intensified as the 2002/03 fire season approached, with below to very much 
below average 3-monthly rainfall occurring in the immediate build-up to the season between 
August and October 2002 (Figure 1.4). 
 
In the 3 months to the end of October 2002 all of Victoria was warmer than usual, with 
most of the north of the state between 1 and 2 degrees warmer (Figure 1.5). 
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Figure 1.2: Rainfall Deciles for the period 1 December 1996 to 31 October 2002 
 

 

 

Figure 1.3: Rainfall deciles for the 12 month period to 31 October 2002 
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Figure 1.4: Rainfall deciles for the 3 month period to 31 October 2002 
 

 
 

 

Figure 1.5: Maximum temperature anomalies for the 3 month period to 31 October 2002 

Humidity 

Table 1.1 shows the mean 3pm humidity for six Victorian alpine locations. In all cases, lower 
than average mean annual humidity was experienced in 2002. This is consistent with the 
warmer and drier than normal conditions prevailing over most of the continent during this 
period. 
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Location Mt 

Buller 
Omeo Mt 

Hotham
Corryong Hunters 

Hill 
Falls 
Creek 

Mean 3pm Relative 
Humidity (%) 

74 (77) 50 (54) 55 (70) 42 (50) 57 (64) 72 (77) 

Table 1.1: Mean 3pm relative humidity for 2002 (long term mean in brackets) 

Evaporation 

Table 1.2 shows the total evaporation recorded during 2002 for the three nearest stations for 
which evaporation measurements are taken. Evaporation was a little higher than normal at 
both Lake William Hovell Reservoir and Edi Upper and a little less than normal at Lake 
Buffalo.  
 

Location Lake William 
Hovell Reservoir 

Lake Buffalo Edi Upper 

Total Annual 
Evaporation (mm) 

983 (975) 1053 (1097) 1435 (1253) 

Table 1.2: Total annual evaporation (long term mean in brackets) 
 

Forest Fuel State 

The availability and flammability of forest fuels depends on seasonal dryness (which affects 
the ‘greenness’ of the fuel) as well as recent rainfall. Fuel properties such as the density and 
size of the fuel and the amount of finer fuels nearby also play a role. A widely used measure 
of seasonal dryness is the Keetch Byram Drought Index (KBDI)1. Figure 1.6 shows the 
values of KBDI at sites around the area of the fires during October 2002, i.e. leading into the 
2002/03 fire season. Figure 1.7 shows how these values compared to the 1994-2002 long 
term mean. For the most part, the KBDI values were substantially higher (drier) than 
average, with an increasing trend towards the end of the month.  

Stream flow 

Figure 1.8 shows the streamflow status over Victoria at the end of October 2002. Over 60% 
of the State was experiencing flows that were less than 10% of the long-term average.  Over 
most of the Eastern Victorian Fires area, flows were less than 20% of the average and had 
been in this situation for some significant period of time. 
 

                                                 
1 Keetch, J. J. and G. M. Byram, 1968. A drought index for forest fire control. Research Paper SE-38. Asheville, 
NC: U.S. Department of Agriculture, Forest Service, Southeastern Forest Experiment Station. 32 pp. (Revised 
1988). 
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KBDI - October 2002
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Figure 1.6: KBDI values at selected sites for October 2002 
 
 

KBDI anomaly: October 2002 - Mean (1994-2002)
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Figure 1.7: KBDI anomalies at selected sites for October 2002 
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Figure 1.8: Streamflow status at 31 October 2002 (courtesy DSE) 

 

1.3 Comparison with lead up to Black Friday and Ash Wednesday 

January 13th 1939 - Black Friday 

From December 1938 to January 1939, fires burnt 1.5 to 2 million hectares (ha) in Victoria, 
including 800,000 ha of protected forest, 600,000 ha of reserved forest and 4,000 ha of 
plantations (Figure 1.9).  The fires came to a head on January 13 - Black Friday. On this day, 
71 lives were lost and more than 650 buildings – including the township of Narbethong – 
were destroyed.  
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Figure 1.9: Area burnt in the January 1939 bushfires (courtesy of DSE) 

Rainfall 

In the 12 months prior to 31 October 1938, most of Victoria received below to very much 
below average rainfall (Figure 1.10). 

Temperature 

In the lead up to the 1938/39 fire season maximum temperatures were slightly above 
average in the fire areas (Figure 1.11), a pattern that continued into the fire season.  
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Figure 1.10: Rainfall deciles for the 12 month period to 31 October 1938 
 
 

 

Figure 1.11: Maximum temperature anomalies for the 3 month period to 31 October 1938 
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February 16th 1983 - Ash Wednesday 

Victoria’s most notorious bushfire event – Ash Wednesday – occurred on Wednesday, 16 
February 1983, when over 100 fires in Victoria burnt 210,000 ha and caused 47 fatalities.  
More than 27,000 stock and 2,000 houses were lost (see Figure 1.12).   
 

 

Figure 1.12: Area burnt in Victoria (shown in red) on Ash Wednesday (map courtesy of CFA) 

Rainfall 

Nearly all of Victoria experienced very much below average rainfall in the 12 months to 31 
October 1982, with some areas in the west of the state experiencing their lowest totals ever 
(Figure 1.13). 

Temperature 

The lead up to the 1982/83 fire season was very much warmer than normal, with much of 
the state up to 2ºC warmer than usual (Figure 1.14). 
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Figure 1.13: Rainfall deciles for the 12 month period to 31 October 1982 
 
 

 

Figure 1.14: Maximum Temperature Anomalies for the 3 month period to 31 October 1982 
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Comparison with 2002/03 

In reviewing the lead up to the 2002/03 fire season, it is useful to make comparisons with 
the two exceptional bushfire seasons of 1938/39 and 1982/83. In all three cases, the months 
leading up to the fire seasons were drier than normal over Victoria, with above average 
daytime temperatures. The dryness prior to 2002/03 was generally not quite so severe as for 
the other two seasons (although still very significant), however temperatures were warmer. 
All three seasons can be regarded as equally severe in terms of the combined effects of high 
temperatures and low rainfall on fuel moisture. In each case, the combined climatological 
conditions ensured early curing of fuels, setting the scene for the severe fire season to follow.  
 

1.4 The 2002/03 fire season - October to December 2002  

In terms of the provision of fire weather forecast and warning services by the Bureau, the 
commencement of the Fire Weather Season is determined by negotiation between the 
Bureau and the fire agencies and is based on a determination that fire dangers in at least one 
Weather Forecast District are expected to be at least High for two or more days. On this 
basis, the 2002/03 Fire Weather Season officially commenced on Monday 15 October, 
which was the second earliest recorded start in 15 years.   
 
The first Total Fire Ban in Victoria was issued for 18 October 2002 for the North Western 
Total Fire Ban District – this was the earliest day in any season that a Total Fire Ban has 
been declared. 
 
In the period up to 8 January (the start of the Eastern Victorian Fires), Fire Weather 
Warnings were issued for 20 days and Total Fire Bans were issued for 12 days. This 
represented a very high level of early-season activity (typically, the total number of Bans and 
Warnings issued in a season as a whole is of this order). 
 
Figure 1.15 shows the cumulative number of fires occurring to 31 December 2003; the 
1982/83 season is also shown, along with the long term mean. The early part of the 2002/03 
season was much more active than normal (and comparable to the start of the 1982/83 
season). 
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Cumulative Number of Forest Fires to 31 December 2002 
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Figure 1.15: Cumulative number of Victorian forest fires to 31 December 2002 (courtesy DSE) 

 

October 2002 

The overall Springtime weather patterns over affected Victoria during October 2002 were 
not unusual, with the subtropical ridge generally centred across southern NSW and a 
succession of fast moving fronts moving through Victoria. However, many of the fronts 
were quite ‘dry’ – that is, there was not a great deal of rainfall associated with their passage, 
due to the prevailing dryness of the prefrontal airmasses with which the fronts interacted. 
 
Maximum temperatures were mostly about 1ºC above normal. On the other hand, minimum 
temperatures were generally about 0.5ºC below normal due to clear night skies and low 
humidity.  
 
Rainfall totals for the month were well below normal in all Districts. The worst affected 
areas were the Mallee and the Northern Country, where falls averaged only one-quarter of 
the long-term mean. By contrast, rainfall along the west coast was 85% of the normal. 

November 2002 

The first half of the month saw a typical Spring pattern with the subtropical ridge centred 
across northern Victoria and a succession of fast moving fronts affecting southern Victoria.  
During the second half of November, the subtropical ridge was located further south and 
persistent ‘easterly troughs’ influenced northern Victoria. 
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Like the previous month, temperatures were warmer than normal - maximum temperatures 
were mostly between 2 and 3ºC above normal, while minimum temperatures were generally 
about 0.5ºC above normal.  Some rainfall occurred towards the end of the month, especially 
in the Western District, and also over the northern plains and Alpine region; this is reflected 
in the lowering of the KBDI at Falls Creek, Mount Hotham and Gelantipy at this time (see 
Figure 1.18). Overall though, the month was generally dry.  

December 2002 

The month started with a deep low pressure system in the Southern Ocean bringing strong 
northerly/westerly winds to the State.  A strong high pressure system then became 
established in the Great Australian Bight and directed a southwesterly flow across Victoria 
for a protracted period. By the middle of the month, the high had moved south and a 
surface ‘easterly trough’ developed over Victoria. Following the passage of a cold front 
during 22 December, a new slow-moving high pressure system dominated Victorian 
weather, bringing settled conditions. At the end of the month, a deep low pressure system 
approached from the west with a return to windy and unstable conditions. 
 
Rainfall was near to or above normal in the west of Victoria, but below normal in other 
districts. Daytime temperatures were about 2ºC above normal inland, but only about 1ºC 
above normal in the south. Night-time temperatures were close to normal in most districts. 
 
The rainfall deciles, temperature anomalies and KBDI for the three months are shown in 
Figures 1.16 to 1.18. The relatively low values of KBDI at the start of this period for Mount 
Hotham and Falls Creek is a reflection of antecedent Winter rainfall. 

Summary of the early Fire Season 

The 2002/03 fire season began early and by the end of December 2002 fire activity was 
running at near record levels, with the largest Victorian fire in 20 years (to that time) 
occurring in the Big Desert. This was due to the continuation and intensification of the 
warm and dry conditions Victoria had experienced prior to the Fire Season and was 
instrumental in allowing a very early curing of the already dry forest fuels. 
 
The regions subsequently burnt in the Eastern Victorian Fires were notably dry during 
October to December 2002: only 20% to 40% of normal rainfall was recorded in most of 
the area, and at most locations, the period was amongst the driest 10 such periods on record. 
It was the fourth driest October to December at Yackandandah and the fifth driest at 
Corryong (over 50 years of records for both locations).  
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Figure 1.16: 3 month rainfall deciles to 31 December 2002 
 
 

 

Figure 1.17: Maximum Temperature Anomalies for the 3 month period to 31 December 2002 
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KBDI: October - December 2002
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Figure 1.18: KBDI values for selected stations for the three month period to 31 December 20 
 
 
 



 

17 

 

Chapter 2: The weather during the Eastern Victorian Fires 
 

2.1 Overview 

The weather conditions experienced during the period of the Eastern Victorian Fires (8 
January to 7 March 2003) were generally relatively unexceptional for the time of year, with 
only a few days on which the fire danger reached very high to extreme.  Figure 2.1 shows the 
daily rainfall over the period – averaged across 15 selected northeast Victorian sites 
(Uplands, Nariel Creek, Dartmouth, Benambra, Harrietville, Omeo, Rocky Valley, Mt 
Hotham airport, Halls, Bright, Mt Buffalo, Mt Hotham, Swifts Creek and Gelantipy).  
 

Alpine average daily rainfall - 8 January to 7 March 2003
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Figure 2.1: Daily rainfall (average of 15 northeast Victorian stations) 8 January - 7 March 2003 
 
 
Most of the fire-affected region did not receive any substantial rainfall from 2 January until 
21 February, a period of approximately 50 days. Such long dry periods in summer are not 
unprecedented.  For example, Corryong and Yackandandah have both experienced periods 
of 50 consecutive days without any daily total exceeding 1mm; at Corryong this has occurred 
10 times in 112 years of records and at Yackandandah 5 times in 116 years of records. 
Nevertheless, the combination of an exceptionally dry spell during mid-summer and the pre-
existing severe rainfall deficits is highly unusual in an historical context and was a significant 
contributor  to the extraordinary longevity of the fires.    
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Temperatures through January and February were generally warmer than normal; January’s 
average daytime temperature was 1.5ºC to 2ºC above normal and February’s around 1ºC 
above normal.  

Overall Forest Fire Danger 

Although conditions were hotter than normal in the east of the state during the Eastern 
Victorian Fires, there were only a few days during the period when the combination of high 
temperatures, low humidity and strong winds produced extreme fire danger conditions. Most 
of the time, the Forest Fire Danger was High (FFDI between 12 and 23) or lower. Figure 2.2 
shows a time series of the Forest Fire Danger for four selected stations – Gelantipy, Mount 
Hotham, Hunters Hill and Wangaratta –  over the period of the Eastern Victorian Fires. 
Wangaratta was the only location to regularly experience days on which the Forest Fire 
Danger achieved an Extreme rating (FFDI of 50 or more). At higher alpine elevations, 
where temperatures were cooler, the Fire Danger was significantly less.  

Synoptic pattern evolution 

The daily 0000 UTC (11.00 am EDST) mean sea level pressure analyses for the period 1 
January to 7 March 2003 are shown in Appendix 1.  

January 

The Eastern Victorian Fires were initiated by lightning strikes from widespread 
thunderstorms that developed late on 7 January in association with the passage of an 
amplifying cold front (described in detail in the next section). Fine conditions prevailed over 
the next week due to the influence of a persistent high pressure system. On 14 January, a 
cold front again moved across Victoria, leaving in its passage a surface trough which lingered 
in the east of the state until 18 January. The remainder of the month was characterised by an 
alternating sequence of high pressure systems and surface troughs, including a particularly 
vigorous frontal system that affected the State on 30 January (described in detail in the next 
section).  

February 

The most striking feature of the synoptic weather pattern for February was the persistent 
high pressure in the southern Tasman Sea. This was a result of an entrenched ‘blocking’ 
pattern formed from the coupling of a high pressure ridge in the southern Tasman Sea with 
low pressure systems to the north. Apart from a brief period between 17 and 19 February 
when a passing trough disrupted this pattern, the month was dominated by a generally warm, 
stable and dry east to northeast flow across Victoria; transient inland surface troughs were 
also present through the month, with subtle influences on the wind direction and 
temperature.  
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FFDI: 8 January - 6 March 2003
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FFDI: 8 January - 6 March 2003
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Figure 2.2: Forest Fire Danger Index (FFDI) at Gelantipy, Mount Hotham, Wangaratta and 
Hunters Hill from 8 January to 6 March 2003. Ranges within which FFDI is rated as 

Extreme or Very High is indicated by horizintal lines. 
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More significant low pressure troughs affected the State from the west late in February and 
produced the first significant rains for the month. 

March 

By March, the ‘blocking’ pattern had collapsed and a cool southerly wind regime became 
established over the eastern half of Victoria. This led to a significant easing of the fire danger 
and by 7 March the fires were finally contained. 
 

2.2 Summary of three key weather episodes 

This section describes in more detail the weather associated with three significant weather 
episodes that occurred in association with the Eastern Victorian Fires: 

o 7-8 January – the development and passage of thunderstorms over the east of the 
State which led to the initial fire ignitions; 

o 21 January – the El Dorado and Stanley fires; an example of the effect of sustained 
wind in ‘growing’ a fire; 

o 30 January – the most significant ‘blow-up day’ during the entire episode. On this 
day, extreme fire behaviour was observed in association with gale force 
northwesterly winds ahead of a major wind change. These conditions led to growth 
of the fire across the Great Dividing Range into Gippsland, as well as the 
development of ‘pyro-thunderstorms’ that ignited new fires in East Gippsland. 

7-8 January 2003 

During the afternoon of Tuesday 7 January 2003, a cold front and associated pre-frontal 
trough traversed eastwards across Victoria (Figure 2.3).  A more detailed analysis is presented 
in Figure 2.4 which shows an initial northerly to westerly wind change associated with the 
pre-frontal trough, followed by a cooler westerly to southwesterly change (marked by the 
frontal symbol). 
 
Surface conditions associated with the trough were generally too dry for the formation of 
surface-based thunderstorms. Behind the surface front however, significant middle level 
moisture was present associated with a weak middle-level trough. Figure 2.5 shows the 
Melbourne upper air sounding at 10.00 pm EDST 7 January, which indicates a deep layer of 
moisture above about 700 hPa. The upper air profile also displays a significant layer of 
instability between about 1500 and 3000 metres. Lifting of air in association with the middle 
level trough, together with the influence of the higher alpine terrain as the airmass moved 
eastwards, led to the triggering of high-based thunderstorms (bases between about 3000 and 
4000 metres). 
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Figure 2.3: Australian MSLP analysis valid at 5.00 pm EDST 7 January 2003 
 
 

 

Figure 2.4: Victoria MSLP analysis valid at 5.00 pm EDST 7 January 2003 
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Figure 2.5: Vertical atmospheric profile at Melbourne Airport 10.00 pm EDST 7 January 2003 
- dry bulb temperature (red line on right), dew point temperature (red line on left ) and 

horizontal wind (black wind barbs on far right). Heavy black lines indicate surface dry bulb 
temperature of 37 °C and surface dew point of –2 °C, indicative of inland Victoria during the 

afternoon. 

 
 
 
The thunderstorms were first observed near Bendigo in central Victoria (circled area in 
Figure 2.6) at around 3.30 am EDST on 8 January.  The area of thunderstorms grew and 
moved eastwards, covering much of eastern Victoria by 9.30 am (Figure 2.7). By the 
afternoon, the thunderstorms had cleared the State.  
 
The combination of electrically-active thunderstorms and dry low-level air (with little or no 
rainfall reaching the surface) led to widespread fire ignition, with over 80 fires believed to 
have started. Figure 2.8 shows those fires still burning 24 hours after the initial ignitions.  
 



 

23 

 

 

Figure 2.6: 3.30 am EDST 8 January GMS infra-red satellite picture 
 
 

 

Figure 2.7: 9.30 am EDST 8 January GMS Visible satellite picture. Mt Buller (YXBU) marked 
for reference 
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Figure 2.8: Fire Situation at 2.20 pm EDST 9 January 2003 (courtesy of DSE) 
 

21 January 2003 

During the afternoon of Tuesday 21 January, two isolated fires began near Beechworth in 
northeast Victoria.  The northern ‘Eldorado’ fire (named after the nearby township) began at 
1.00 pm EDST, the southern ‘Stanley’ fire at 3.45 pm.  Neither fire was contained until 27 
January, by  which stage they had burnt out a combined area of 13,760 hectares (see Figure 
2.10).  
 
Significantly, most of the burn-out occurred towards the northeast in the first afternoon and 
evening, under the influence of a vigorous, hot and dry westerly airstream that followed the 
passage of a surface trough and wind change (see Figure 2.11). 
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Figure 2.9: Fire in the Beechworth Pine Plantation near Stanley (photo courtesy DSE) 
 
 

 

Figure 2.10: Fire map for the Eldorado and Stanley fires (courtesy DSE) 
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Figure 2.11: Australian MSLP analysis valid at 11.00 pm EDST 20 January 2003 
 
Figure 2.12 shows the water vapour channel image from the Japanese GMS satellite at 10.00 
am EDST on 21 January. Regions of dry middle-level air are indicated by brown and dark 
grey colourations; humid middle-level air and cloud is shown in lighter gray, with whites and 
intense colours depicting high-level cloud and active thunderstorms. The middle atmosphere 
over Victoria in the wake of the wind change is dry (in clear contrast to the post-change 
airmass observed during the 7-8 January episode). The upper temperature and moisture 
profile for Melbourne obtained at around the same time (see Figure 2.13) confirms this.  
 
 

 

Figure 2.12: 10.00 am EDST 21 January GMS Water Vapour satellite picture 
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Figure 2.13: Vertical atmospheric profile at Melbourne Airport 10.00 am EDST 21 January 
2003 - dry bulb temperature (red line on right), dew point temperature (red line on left ) and 

horizontal wind (black wind barbs on far right). 
 

Fire Weather conditions in the Beechworth area 

The nearest observation sites to Beechworth that provide continues surface observations are 
located at Wangaratta (33 kilometres to the west of Beechworth) and Albury (35 kilometres 
to the north of Beechworth). Figure 2.14 shows time series of the surface observations from 
the automatic weather stations at these locations which are broadly representative of the 
weather conditions in the vicinity of the two fires. The Fire Danger ratings are also shown 
(based on a Drought Factor of 10 and a curing value of 100 for both locations). 
 

 



 

28 

 

0

10

20

30

40

50

60

70

80

06:04 08:13 11:33 14:01 15:26 17:30 20:33 22:33

local time

FFDI GFDI

0

10

20

30

40

50

60

70

06:04 08:13 11:33 14:01 15:26 17:30 20:33 22:33

local time

0

90

180

270

360

W
in

d 
di

re
ct

io
n

Wind speed (km/h) Temperature RH Wind direction
 

Figure 2.14 (a): Fire weather conditions at Albury during 21 January 2003 
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Figure 2.14 (b): Fire weather conditions at Wangaratta during 21 January 2003 
 
 
During the morning, a steady westerly wind developed and increased in speed as the day 
progressed. Coupled with this were temperatures that rose into the middle to high 30’s and 
decreasing relative humidity levels – which by mid-afternoon had dropped below 10%. The 
rapid drying observed at the surface is characteristic of conditions in which very dry air aloft 



 

30 

 

is ‘mixed down’ to the surface by thermally-driven currents that are generated by surface 
heating. 
 
As a result of these conditions, the Fire Danger Ratings for both forests and grasslands 
rapidly rose during the day, peaking in the extreme range (values greater than 50) for much 
of the afternoon and evening. The persistence of these conditions allowed the fires to grow 
substantially through most of the day.  

30 January 2003 

During Thursday 30 January, alpine sections of the Eastern Victorian Fires made major runs 
to the southeast into Gippsland, driven by strong to gale-force northwesterly winds.  Later in 
the day, new fires further to the east of the main fire front were started by lightning from 
fire-generated thunderstorms.  The fire weather conditions on this day were more extreme 
than for any other day during the episode.  
 
Figures 2.15 and 2.16 show the fire extent before and after 30 January. The growth in the 
fire area towards the southeast is clearly apparent, particularly from the Bogong South 
complex.   
 
Figure 2.17 shows the surface pressure pattern on the morning of 30 January. A vigourous 
cold front was approaching southwest Victoria, with a preceding surface trough over central 
parts. A band of mainly mid- to upper-level cloud across western Victoria (Figure 2.18) was 
producing rain in western of Victoria but weakened as it tracked eastward. 
 
During the day, the surface trough moved eastward, with winds at lower elevations turning 
more westerly ahead of the main cold front.  However at higher elevations, winds persisted 
from the northwest, with the main change at these altitudes remaining to the west.  
 
The difference in the wind behaviour between lower level terrain and the alpine ridgetops is 
illustrated in Figure 2.19, which compares the wind speed and direction at Mount Hotham 
(elevation 1849 metres) and Wangaratta (153 metres) during the period.  The strongest winds 
at Mount Hotham – which were also the strongest mean winds observed anywhere in 
Victoria on that day – were recorded before 9am local time, ahead of the low level wind 
change at Wangaratta.  
 
The behaviour of the wind at lower levels in the Alpine area is shown in Figure 2.20.  The 
gale-force northwest winds that were apparent at ridgetop level during the early morning did 
not mix down to lower levels until around midday, as a result of convectively-driven vertical 
mixing. 
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Figure 2.15: Fire extent based on information to early morning 30 January (DSE) 
 

 

Figure 2.16: Fire extent based on information to early morning 1 February  (DSE) 
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Figure 2.17: Australian MSLP analysis valid at 5.00 am EDST 30 January 2003 

 

 

Figure 2.18: 4.30 am EDST 30 January GMS infra-red satellite picture 
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Figure 2.19: Mount Hotham and Wangaratta wind data for 30-31 January 2003 
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 Figure 2.20: Hunters Hill and Gelantipy wind data for 30-31 January 2003 
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The Bureau’s high resolution mesoscale Limited Area Prediction Scheme (‘MesoLAPS’) 
computer model captured the structure and intensity of this system quite well. Figure 2.21 
and 2.22 show the wind speed and direction prognoses for 11.00 am EDST 30 January (+24 
hours prediction) and 11.00 pm EDST 30 January (+36 hours prediction) at the 0.9625 
sigma level (corresponding to about 350 metres above the surface; see Section 5.1 for a 
discussion on the use of sigma levels). Note that at the altitude of the alpine region 
ridgetops, this corresponds to the lower mid-levels of the atmosphere. The broad area of 
strong winds in advance of the low-level change is clearly shown in the first panel, and the 
easing of the winds over the Alpine region between the two times is also well depicted. 
 
 

 

Figure 2.21: 5 km MesoLAPS +24 hr forecast valid for 11.00 am EDST 30 January 2003, .9625 
sigma level winds (contours in knots) 
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Figure 2.22: As in Figure 2.21 but for 11.00 pm EDST 30 January  
 
 
From eyewitness reports and the evidence of damage (e.g. Figure 2.23), stronger winds than 
those recorded by the Bureau’s weather stations occurred on the fire ground.  These are 
most likely to have been generated by the fires themselves. Strong updraughts are produced 
in the flaming zone of a fire which can intermittently generate wind vortices, akin to dust-
devils that form on hot days, but more intense since they are fuelled by the intense heat 
energy of the fire. They are generally only 1 to 2 metres in diameter and last only a minute or 
two. However, in high intensity forest fires, much larger whirlwinds of the order of 150 to 
200 metres in diameter can be produced and which can last for some time, even outside the 
flaming zone. Such ‘fire tornadoes’ can produce very intense localised winds, with damage to 
trees and buildings similar to that reported in tropical cyclones.  
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Figure 2.23: Fire damage near Gelantipy (photo courtesy of CFA) 
 
 

 

Thunderstorm activity during the afternoon of 30 January 2003 

The other most interesting feature of the weather during 30 January was the generation of 
thunderstorms by the fires themselves.  Figure 2.24 shows the visible wavelength GMS 
satellite image at 1.30 pm EDST. Smoke plumes from the fires (indicated on the image) are 
visible streaming away to the southeast under the influence of the strong northwesterly flow 
aloft. These plumes were also detected by radar, as shown in Figure 2.25.  
 
The heated columns of air associated with the fires and plumes were sufficient to trigger the 
initiation of new thunderstorm cells, evident on the radar and satellite images downstream of 
the initiation points of some of the plumes.  
 
These thunderstorms were electrically active, with lightning reported to the east of Gelantipy 
(denoted by ‘gela’ on the radar image) during the afternoon, mainly between 4.00 pm and 
6.00 pm. This was the only area in Victoria to report lightning strikes on this day. 
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It is noteworthy that the area of lightning was about 50 kilometres from the fires. It is 
conjectured that the heat columns from the fires were tilted downwind to the southeast by 
the very strong winds aloft, thereby shifting the thunderstorm initiation source. This is 
supported by animated radar loops of the thunderstorms, which show the storms ‘anchored’ 
to a fixed location over time rather than being advected with the middle level winds. 
 
  

 

Figure 2.24: 1.30 pm EDST 30 January 2003 GMS Visual satellite image 
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Figure 2.25: 5.30 pm EDST 30 January 2003 image from East Sale radar 
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Chapter 3: Forecasting and Warning Services 
 
The Commonwealth Bureau of Meteorology provides fire weather services in Victoria as 
part of a national framework for the provision of such services in accordance with the 
provisions of the Meteorology Act (1955).   
 
The primary objectives of the fire weather service are: 
 

a) To provide the public with: 
- Routine forecasts of fire danger during the fire season; 
- Fire Weather Warnings when the fire danger is expected to exceed a 

certain critical level; and 
 

b) To provide fire management authorities, civil defence organisations, police and 
other emergency services with: 

- Detailed routine forecasts during the fire season; 
- Fire weather warnings when the fire danger is expected to exceed a 

certain critical level; 
- Operational forecasts to assist in combating ongoing fires; 
- Special forecasts for hazard reduction burns; 
- Advice regarding the installation and operation of special meteorological 

stations operated by fire authorities; 
- Consultative advice and climatological information to assist with 

assessment of risk, development of fire prevention strategy, and other 
aspects of fire management. 

3.1 The Routine Service 

During the fire season in Victoria (normally November through April), the Bureau’s Victoria 
Regional Forecasting Centre (RFC) routinely provides the CFA and DSE with the following 
services: 
 

 forecasts issued at 6.30 am each morning of weather and Forest and Grass Fire 
Dangers for the current day for 25 Victorian centres (plus State border areas); 

 
 written Fire Weather Briefings issued at 10.45 am each morning that focuses on 

current daytime conditions and how the situation described in the 6.30 am 
forecast is actually evolving; 

 
 a 4-day forecast suite issued each afternoon comprising: 

- forecasts of weather and Forest and Grass Fire Danger Ratings for the next 
two days for 25 sites around Victoria; 

- longer-term forecasts of weather and Fire Danger for days +3 and +4  for 9 
sites around Victoria; 
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- a sequence of prognosis charts and accompanying text describing the 
expected evolution of the weather pattern over the next 4 days (see Appendix 
2). 

 
Forest Fire Danger Indices are calculated using the McArthur Mark 5 Forest Meter.  
Grassland Fire Danger Indices are calculated using the CSIRO-modified McArthur Mark 4 
Grassland Meter. 
 
Routine fire weather forecast information is also provided to the general community in the 
form of Fire Danger Ratings that are appended to District Forecasts. 

3.2 Warnings and Special Fire Services 

As well as routine services that are provided each day during the Fire Season, additional 
services are provided when extreme fire danger is expected and/or when fires are burning. 
These include: 
 

 Fire Weather Warnings issued on a District basis when the fire danger is 
expected to reach Extreme. These are issued publicly and are used by CFA as a 
key input into decisions about the declaration of a Total Fire Ban;  

 
 Wind Change Chart. This is issued to the fire agencies on days of significant fire 

risk when a wind change is expected to affect the State. These charts show the 
current and expected future position of the change and are used by agencies 
when developing operational fire management strategies and tactics; 

 
 Spot Fire Forecasts. These are highly detailed fire weather forecasts that are 

issued for  specific locations in which a fire is burning or where a controlled burn 
is planned. They include information on the expected wind, temperature, relative 
humidity and other meteorological factors such as the timing of any wind 
changes. They are provided to the Incident Controller of the fire agency that is 
dealing with the specific fire and are also sent to the central fire control centres 
of both the CFA and DSE.  The Spot Fire Forecast is broken up into 3 sections: 
the first contains the general weather scenario and weather conditions for a 
specific location at +3 hours, +6 hours, +9 hours, +12 hours and +24 hours.  
The second section contains a possible alternative weather scenario, to allow the 
agencies to undertake contingency planning. The third section is utilised by 
agency staff for the provision to the Bureau of observations of actual fire site 
weather conditions – this is valuable information that greatly assists the 
forecaster in making accurate predictions. An example Spot Fire Forecast is 
shown in Appendix 3; 

 
 On request, the Bureau can provide a forecaster at CFA Headquarters on critical 

days and, for large ongoing fires, a forecaster may be ‘outposted’ to a fire 
incident control centre; 
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 Regular consultation is maintained between Bureau forecasters and the fire 
agencies. Bureau staff provide detailed briefing to fire chiefs, senior operational 
personnel and participate in operational briefings, both in person and by 
teleconference.   

 

3.3 Service for the Eastern Victorian Fires 

Seasonal Forecasts 

Each month, the Bureau’s National Climate Centre issues the Seasonal Climate Outlook 
which provides estimates (in probability terms) of the likelihood of above- or below-average 
rainfall and temperature over Australia in the following 3 months.  
 
The Seasonal Climate Outlook advised as early as February 2002 that the development of an 
El Niño event was likely by Winter or Spring.  As the El Niño developed, its influence on 
successive Seasonal Climate Outlooks grew. A greater than normal probability of dry and 
warm conditions in the Alpine region was first identified in mid-July and was a persistent 
feature of subsequent Outlooks (see Table 3.1).  
 
 

Probability over Alpine region 
(the long-term mean probability is 50%) 

3-month forecast period 
(forecast issued in middle of 

preceding month) Below median 
rainfall 

Above median  
maximum temperature 

August – October 2002 55-60% 65-70% 
September – November 2002 55-65% 60-65% 
October – December 2002 55-65% 75-80% 
November 2002 – January 2003 55-60% 55-60% 

Table 3.1: Seasonal Climate Outlook predictions for rainfall and maximum temperature over 
the Alpine region  

 
The expected behaviour of the El Niño, and the quantitative probabilistic forecasts of 
rainfall and (particularly) day-time temperatures provided significant forewarning that Spring 
and Summer conditions were likely to be conducive to an early curing of forest fuels and a 
potentially dangerous fire season.  

Routine fire weather forecasts 

The routine service described above was provided for the entire fire season, including the 
period of the Eastern Victorian Fires. During the first few days of the event, DSE and CFA 
had discussions with the Bureau on their requirement for weather forecasts beyond 4 days in 
order to assist with strategic resource planning. Therefore,  from 10 January to 24 February, 
descriptive forecasts for days +5 to +7 were included in the forecast suite. 



 

42 

 

Warnings and Special Fire Services 

Table 3.2 shows the number of Fire Weather Warnings and Total Fire Bans issued during 
the 2002/03 season compared to previous seasons. All the Warnings and Bans that were 
issued during the Eastern Victorian Fire period occurred in January, consistent with the 
protracted warm and dry weather experienced at this time. 
 

Season Fire Weather Warnings Total Fire Bans 
2002-03 

(Eastern Victorian Fire Period) 
30 

(10) 
22 

(10) 
2001-02 14 9 
2000-01 19 18 

1999-2000 17 18 

Table 3.2: Number of Fire Weather Warnings and Total Fire Bans issued each season 
 
Table 3.3 shows the number of Spot Fire Forecasts issued during the whole 2002/03 season 
compared to previous seasons. Also shown are those issued in direct support of the 
management of the Eastern Victorian Fires. 
 

Season Spot Fire Forecasts 
2002-03 

(For Eastern Victorian Fires) 
1173 
(767) 

2001-02 89 
2000-01 235 

1999-2000 144 

Table 3.3: Number of Spot Fire Forecasts issued each season 
 
The greatly increased number of Spot Fire Forecasts is directly attributable to the longevity 
of the Eastern Victorian Fire episode and the very large areal extent over which the fires 
burned. Throughout the episode, multiple forecasts were current for different parts of the 
fire; on some occasions, as many as 12 individual forecasts were current. 
 
In the lead-up to the 2002/03 fire season, the Bureau and fire agencies held discussions on 
the consequences of a possible increase in Spot Fire Forecast service requirements in the 
event of multiple fire outbreaks.  These discussions were initiated after the experience of 
forecasters during the fires around Sydney over Christmas/New Year 2001/02.  
Contingency procedures were established, in the possible event of forecast overload, 
whereby geographically proximate spot forecast locations were grouped into a single 
forecast. These procedures were documented prior to the season and subsequently enacted 
when the Eastern Victorian Fires commenced. 
 
As the fire event developed, feedback from Incident Control Centres indicated that 
information on the expected weather conditions beyond the period covered by the Spot Fire 
Forecasts would be necessary to undertake effective strategic resource planning. 
Consequently, from 16 January until the end of the event, a descriptive outlook for the next 
one to three days was added to each forecast. 



 

43 

 

 
As the size of the fires grew, the effects of smoke became increasingly important.  Aviation 
was severely compromised by the bushfire smoke, with firefighting aircraft particularly 
affected, either by being unable to take off or being unable to locate the fire front.  The 
smoke also affected fire towers, reducing their ability to spot fresh outbreaks. Close liaison 
occurred between the fire agencies and the Bureau to determine the influence of smoke on 
aircraft deployment. Routine smoke dispersion modelling information was used to assist in 
this task. 

Staffing 

Routine fire weather services were provided by the Bureau’s Victoria Regional Forecasting 
Centre. During the season, the base-level staffing for the provision of fire weather services 
comprised a dedicated 4-person roster with two shifts each day, from 7am to 5pm and 9am 
to 7pm. The earlier shift was primarily responsible for the provision of routine products, and 
the latter shift responsible for Spot Fire Forecasts and Wind Change Charts. Some flexibility 
in the hours of the second shift were employed to ensure effective coverage when activity 
was busiest.  
 
During the initial stages of the Eastern Victorian Fires, it became clear that additional fire 
weather support would be required overnight. Accordingly, from 22 January, a round-the-
clock 5-person fire weather roster was implemented. This roster was maintained until 24 
February. On top of this, additional staff were occasionally utilised when the workload 
became especially intense, particularly on 26 and 30 January. 
 
From 20 January to 3 February, the Weather Service Office at East Sale was staffed from 
6am to 6pm, an extension of normal hours, primarily to serve the local community with 
hourly weather updates via the media. 

Verification of fire weather forecasts 

This section discusses the accuracy of the fire weather forecasts issued by the Bureau during 
the Eastern Victorian Fires. Accuracy is assessed by comparing the forecast weather 
elements (dry and wet bulb temperature and wind speed) with what was observed. The 
determination of forecast accuracy can therefore only be performed where verifying 
observations are available; this excludes most of the Spot Fire Forecasts. Table 3.4 shows the 
alpine sites for which forecast verification was able to be performed. 
 
 

Site Forecast Verifying observation 
Hunters Hill Routine – Previous afternoon Permanent AWS 
Falls Creek Routine – Previous afternoon Permanent AWS 
Gelantipy Routine – Previous afternoon Permanent AWS 
Gelantipy Spot Permanent AWS 
Yalmie Road Spot Portable AWS 

Table 3.4: Verified Forecast Locations  



 

44 

 

 
Spot Fire Forecasts for Gelantipy and Yalmie Road (near Tubbut) were able to be verified 
due to the presence of AWS – a fixed Bureau AWS in the case of Gelantipy, and a portable 
AWS for Yalmie Road. 
 
Figures 3.1 to 3.3 show the root mean square error2 (RMSE) and bias for maximum 
temperature, dew point and wind speed forecasts issued for Hunters Hill, Falls Creek and 
Gelantipy, issued each afternoon during the Eastern Victorian Fires for the next day (i.e. day 
+1 forecasts). The dew point and wind forecasts are for the time of maximum of 
temperature.  
 
For maximum temperature forecasting, an RMSE of about 3°C or less for day +1 forecasts 
is considered to be within acceptable bounds given the inherent unpredictability of the 
atmosphere. Also, small or zero bias is optimal; a positive bias in wind speed and maximum 
temperature and a negative bias in dew point temperature shows a tendency to forecast 
conditions more conducive to fires than observed.  
 
For all weather parameters, apart from Falls Creek maximum temperature bias and wind 
speed, the magnitude of the RMSE and bias was smaller during the Eastern Victorian Fires 
compared with the previous fire season of 2001/02. 
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Figure 3.1: Day +1 maximum temperature forecast RMSE and bias for Falls Creek, Gelantipy 
and Hunters Hill – Eastern Victorian Fires period and 2001/02 Fire Season 

                                                 
2 Root Mean Square Error is a defined statistical quantity – in this context, the term ‘Error’ does not imply a 
mistake in the forecast. 
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Figure 3.2: As Figure 3.1 – dew point temperature at time of maximum temperature 
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Figure 3.3: As Figure 3.1 – wind speed at time of maximum temperature 
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Figures 3.4 to 3.7 show the RMSE and bias for maximum temperature, dew point and wind 
speed forecasts issued for the Gelantipy and Yalmie Road Spot Fire Forecasts. 76 Spot Fire 
Forecasts were issued for Gelantipy between 8 and 28 February, and 12 for Yalmie Road 
between 22 and 28 February.  
 
The Bureau-owned AWS at Gelantipy was used to verify the Spot Fire Forecasts there. Data 
from this AWS were regularly received by Bureau forecasters during the episode, allowing 
their forecasts to be verified in real time  A CFA-owned Davis weather station was sited at 
Yalmie Road and data from this AWS have been used to verify the Yalmie Road Spot Fire 
Forecasts.  These data were not received routinely during the episode and so the fire weather 
forecaster was unable to verify the forecasts in real time. The impact of the lack of real time 
weather observations from Yalmie Road is apparent when comparing the greater differences 
between the forecast and observed values that occurred for the Yalmie Road forecasts 
compared to the Gelantipy forecasts. 
 
The Gelantipy Spot Fire Forecast RMSE and bias are shown in Figures 3.4 and 3.5, 
alongside the Day + 1 RMSE and bias for the entire Eastern Victorian Fire episode as well 
as for the 2001/02 fire season.  The Yalmie Rd Spot Fire Forecast was not collocated with a 
routine Day +1 forecast location and so the Spot Fire Forecast verification results are shown 
in isolation (Figures 3.6 and 3.7). 
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Figure 3.4: Gelantipy RMSE for Spot Fire Forecasts compared with Day +1 forecasts 
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Figure 3.5: Gelantipy biases for Spot Fire Forecasts compared with Day +1 forecasts 
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Figure 3.6: Yalmie Road RMSE for Spot Fire Forecasts 
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Figure 3.7: Yalmie Road biases for Spot Fire Forecasts 
 
The initial (i.e. t +0hr) values of temperature, dew point and wind speed are valid for the 
start of the Spot Fire Forecast time period, which was usually up to one hour after the actual 
issue time. Therefore, the initial values are effectively a short term nowcast – hence the initial 
(t +0hr) RMSE and biases are non-zero.  
 
Another source of systematic error is numerical rounding: temperature is forecast to the 
nearest degree, relative humidity (from which dew point is be calculated) to the nearest 5% 
and wind speed to the nearest 5km/h.  
 
The cumulative effect of these is that there may be significant differences at times between 
the actual conditions and the values given in the advices to the fire agencies for the t +0hr 
estimates of each variable,  which in some instances is actually greater than the +3hr, +6hr 
or +9hr differences. 
 
Generally speaking, the forecasts for Gelantipy were more accurate than for Yalmie Road 
and the biases were substantially less. The primary reason for these differences was the real-
time availability to the forecaster of confirmatory weather observations from Gelantipy, 
which gave immediate feedback on the accuracy of the forecasts for that location. Without 
these data, there is a natural tendency to adopt a worst-case scenario approach and 
overforecast temperature and wind speed and underforecast dew point. 
 
Of particular note are the unusual behaviours of the dew point RMSEs and biases at Yalmie 
Road. It is atypical for RMSE not to increase as the forecast lead-time increases, since 
inherent uncertainty in the evolution of the atmosphere tends to compound with time. Also, 
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as noted above, it is unusual to observe overforecasting of dew point. With this in mind, and 
noting that the Yalmie Road PAWS was non-standard, it appears likely that there was 
significant instrument inaccuracy associated with the dewpoint measurements. This is 
supported by comparison with other, Bureau-standard, AWS in the Alpine area. 
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Chapter 4: Outposting 
 
Since 1989/90, a fire weather ‘outposting’ service has been operated in Victoria by DSE and 
the Bureau of Meteorology.  The primary purpose of the service is to provide fire-specific 
weather information in support of the firefighting effort on a large, ongoing fire. The service 
has three components – 3 portable Automatic Weather Stations (PAWS), a fire weather 
support team and an outposted fire weather forecaster.   
 

- PAWS: Each PAWS consists of a 6 metre mast with anemometer to measure 
wind speed and direction, a temperature and humidity sensor, a HF radio 
transmitter to communicate the weather data and a battery to supply power to 
the unit. Figure 4.1 shows a PAWS in the field. During the Eastern Victorian 
Fires, PAWS data were transmitted directly to the Bureau and ingested into its 
operational systems. This was the first time this was achieved and significantly 
contributed to the effective utilisation of these data by forecasters and fire agency 
staff in real-time; 

- Fire Weather Support Team: the Team consists of fire agency staff whose main 
tasks involve obtaining weather observations in the vicinity of large, ongoing 
fires. This includes setting up PAWS, taking surface weather observations and 
conducting weather balloon wind flights; 

- Outposted Fire Weather Forecaster: for significant ongoing fires, a fire weather 
forecaster from the Bureau may be outposted to the Incident Control Centre and 
provides on-site weather forecasts.  

 
As part of the ongoing management and operation of the service, the Bureau undertakes 
regular training of CFA and DSE personnel in appropriate aspects of fire weather and the 
operation of observational systems in the field, including PAWS and balloon-based wind-
finding. 

4.1 Outposting service during the Eastern Victorian Fires 

All three components of the fire weather outposting service were deployed for the Big 
Desert fire in December 2002. PAWS and Fire Weather Support Teams were also utilised 
for the Eastern Victorian Fires. However, because of the huge extent of fire activity, and the 
multiple Incident Control Centres that were established, it was not practicable to implement 
an outposted forecaster. Consequently, all fire weather forecast services were provided from 
the Regional Forecasting Centre in Melbourne. 

PAWS during the Eastern Victorian Fires 

The decision on PAWS location in support of the fire weather service for a large ongoing 
fire is balanced between the need for a good meteorological site (i.e. good exposure to the 
environmental conditions affecting the fire) and the need for good radio communications.  
Due to the vast extent of the Eastern Victorian Fires, it was not possible to sample all fire 
environments. The general placement strategy for the 3 PAWSs was therefore to locate the 
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units within the three characteristic fire environments that were present: high ridge top, mid-
slope and valley. 
 
The PAWS were relocated from time to time, within this overall strategy, to follow the 
progress of the fire. Table 4.1 shows the location details (including altitudes) for each PAWS 
(operationally denoted as VICA, VICB and VICC) during their periods of deployment. 
 

 

Figure 4.1: PAWS sited near Mt Pinnabar during the Eastern Victorian Fires 
 
 

Date latitude longitude Height (m) near 
VICA 
11/01/03 36.615 146.79 200 Ovens 
29/01/03 36.7732 146.9742 400 Wandiligong 
31/01/03 37.0456 146.8966 1300 Mt Selwyn 
6/02/03 36.7658 146.7849 1477 Mt Buffalo 
11/02/03 37.22725 147.8989 854 Mt Nugong 
17/02/03 37.2295 147.8962 1500 Mt Nugong 
20/02/03 37.2164 146.6946 1590 Mt Howitt 
VICB 
11/01/03 36.734 147.169 340 Mt Beauty 
24/01/03 36.3951 147.8685 800 South of Corryong 
5/02/03 37.1156 148.6771 654 Dellicknora 
6/02/03 37.0724 148.5468 400 Tubbut 
7/02/03 37.057 148.5465 637 Tubbut 
VICC 
15/01/03 36.55 148.05 1600 Mt Pinnabar 
11/02/03 37.3219 147.2144 1234 Mt Ewen 
23/02/03 37.1048 146.7907 1130 Between Mts Howitt and Selwyn 

Table 4.1: Location of PAWS during Eastern Victorian Fires 
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The PAWS units all suffered intermittent data outages during the event, in most instances 
due to change of location or lack of communications.  Table 4.2 indicates the periods during 
which the PAWS transmitted data to the Bureau (these periods contain some data outages 
for intervals of less than 24 hours). 
 
 
 

VICA VICB VICC 
11/1/03 - 26/2/03 11/1/03 - 12/1/03 15/1/03 - 19/1/03 
 24/1/03 - 27/1/03 23/1/03 - 9/2/03 
 29/1/03 - 30/1/03 11/2/03 - 21/2/03 
 5/2/03 - 12/2/03 23/2/03 - 28/2/03 

Table 4.2: PAWS data transmission periods 
 

Fire Weather Support Teams 

Two Fire Weather Support Teams operated during the Eastern Victorian Fires, with 
members deployed for up to seven days at a time – ten from DSE and two from the CFA.  
The Teams were based at different times at Ovens, Corryong, Dargo, Swifts Creek, Orbost 
and Deddick.   
 
In addition, three DSE fire weather behaviour experts were attached from time to time to 
the Fire Weather Support Teams to provide advice to the Incident Control teams.   
 
An experienced Bureau officer, who owns a property that was threatened by the fires near 
Wandiligong, maintained an active weather briefing role at the Ovens Incident Control 
Centre between 22 January and 1 February.  

Outposted Wind flights 

Both Fire Weather Support Teams conducted upper wind flights near the fire grounds (see 
Figure 4.2).  Over 80 wind flights were completed during the Eastern Victorian  Fires.  Table 
4.3 gives an example of the wind data sent to the fire weather forecaster. These data were 
critical in determining the expected influence of wind on the fires, particularly on hot days, 
when turbulent mixing of the lower atmosphere can bring strong winds from aloft down to 
the surface. Equally, identifying days on which the winds were weaker were critical for back-
burning operations. 
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 Station :  Mt Buffalo     
 DATE :  13-Jan-03     
 TIME :  1400      
  Balloon Calculated Winds 

 Time 

 min sec 
Height 

 
(MSL) m 

Azimuth
 

Deg 

Elevation
 

Deg 

Dir 
 

Deg 

speed  
 

m/s 

speed  
 

KTS 

speed 
 

Km/Hr
 0 0 1400   

 0 30 1475 89.5 45.5    

 1 30 1625 63.5 63.8 295 13.5 27 49

 2 30 1775 34.5 66.0 318 6.6 13 24
Time 3 30 1925 24.9 56.5 010 8.5 17 31
Interval (sec) 4 30 2075 19.9 45.5 012 13.0 26 47

60 5 30 2225 17.0 40.0 007 10.4 21 37

 6 30 2375 16.5 35.2 015 11.9 24 43
Station 7 30 2525 17.0 30.5 019 15.3 31 55
Height (m) 8 30 2675 15.0 28.5 002 11.0 22 40

1400 9 30 2825 12.5 28.0 344 7.4 15 27

 10 30 2975 9.0 26.0 347 14.3 29 52
Ascent 11 30 3125 6.5 26.0 326 6.9 14 25
Rate (m/min) 12 30 3275 4.5 25.5 339 8.6 17 31

150 13 30 3425 3.5 25.0 349 8.2 16 30

 14 30 3575 3.5 23.7 004 13.3 27 48
Release 15 30 3725 3.5 22.5 004 14.1 28 51
Time (sec) 16 30 3875 2.5 22.0 348 10.3 21 37

0 17 30 4025 2.0 21.5 354 10.6 21 38

 18 30 4175 2.0 21.5 002 6.3 13 23
 19 30 4325 2.0 21.5 002 6.3 13 23
 20 30 4475 2.3 21.7 015 4.5 9 16

 21 30 4625 2.0 21.5 355 8.3 17 30

Table 4.3: Sample wind flight - 2pm 13 January 2003, Mt Buffalo 
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Figure 4.2: Weather balloon wind flight at Mt Buffalo during Eastern Victorian  Fires 

Fire-line weather observations 

The Fire Weather Support Teams played a critical role in gathering surface weather 
observations from the fire-line.  This involved taking site observations as well as collecting 
reports of observations that were radioed in to the Incident Control Centres.  These 
observations were critical in providing real-time feedback to the fire weather forecasters on 
conditions experienced near the fires and were directly responsible for improving the 
accuracy of forecasts (as discussed in the previous Chapter). An example of the fire-line 
observations conveyed by the Fire Weather Support Teams to the fire weather forecaster is 
shown in Appendix 4. 
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Chapter 5: Forecasting issues 
 
A range of weather forecasting issues and challenges arose during the course of the Eastern 
Victorian Fires. Some of these related to the difficulties of forecasting for a complex 
topographical region in which significant local weather variations occurred. The ability of 
fine scale Numerical Weather Prediction (NWP) models to capture this behaviour – 
particularly for wind change prediction – is discussed in this Chapter.  
 
The likelihood of rainfall was a critical element of the forecasts during the episode and was 
of great interest to the fire agencies who were seeking respite from the very protracted fire-
fighting effort. Three case studies are presented to show how forecasters utilised NWP 
models to predict rainfall. 
 
Surface humidity is another important weather parameter that has significant impacts on fire 
behaviour. Forecasting this parameter can present particular challenges due to the significant 
variations that can occur over small distances and under the influence of vertical mixing. The 
ability of NWP models to predict this quantity are heavily influenced by the accuracy with 
which they are ‘initialised’ (i.e. how accurately the t +0hr pattern is captured) and how 
effectively the relevant surface-layer processes are physically modelled. A case study is 
presented that discusses some of these issues. 
 
The vertical temperature profile of the atmosphere is an important factor in fire behaviour. 
The presence of temperature inversions can influence the fire weather forecast, especially 
when the inversion is intersected by the terrain: locations above the inversion will experience 
quite different conditions (oftentimes windier, drier and free of cloud or smoke) to locations 
beneath the inversion. The challenges associated with fire weather forecasting when 
temperature inversions are present is discussed. 
 
Finally, smoke occurrence and behaviour was a significant issue during the Eastern Victorian 
Fires in terms of public health and fire-fighting (particularly aerial) activities. Smoke 
trajectory and dispersion modelling was an important component of the fire weather service  
and is discussed at the end of this Chapter. 

5.1 Forecasting wind changes 

Surface wind changes associated with pressure troughs and/or cold fronts are a common 
event during the fire season in Victoria and they can have powerful affects on the intensity 
and direction of movement of fires.  One of the main forecasting problems in Victoria is to 
correctly forecast the location and timing of these wind changes and the associated weather 
conditions. The timing of the change is particularly critical for the safe and effective 
deployment of fire-fighting personnel.  
 
Orography (such as the Victorian Alps) has important effects on the movement of these 
wind changes due to the fluid behaviour of the atmosphere and the three-dimensional 
structure of the change itself. Typically, the wind change will flow up or down valleys at a 
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greater rate than over ridgetops. Analyses of the location of a wind change will often show a 
bowing of the wind change line as the change propagates over hilly terrain. 
 
One of the most effective tools for predicting this fine scale behaviour is high resolution 
NWP systems. During the Eastern Victorian Fires, great use was made of the Bureau’s 
MesoLAPS (Mesoscale Limited Area Prediction Scheme) computer model. The horizontal 
grid point resolution of this model is 5 kilometres, which is sufficiently detailed to capture 
the structure of low-level wind changes and the important topographic influences of the 
Victorian Alps. The time step between prognoses available to the forecaster is one hour 
which is frequent enough to give a good temporal depiction of the wind change evolution. 

Case Study – 30 January 2003 

Figures 5.1 shows the near-surface wind speed and direction prediction (+29hr prognosis) 
from MesoLAPS for 4.00 pm EDST 30 January 2003. The estimated position of the wind 
change line is shown. The undulating nature of the line is indicative of the influence of 
varied topography on the otherwise smooth progression of the change through the State.  
 
The wind change (form northwest winds ahead to southwest winds behind) is depicted 
pushing through from the south with the strongest winds behind the change occurring 
across the Latrobe Valley and the Gippsland coast. As a point of reference, the change is 
predicted to be near Gelantipy. 
 
The verifying analysis, showing the actual conditions at 4.00 pm EDST on 30 January 2003, 
is shown in Figure 5.2. The prognosis from MesoLAPS successfully captured the general 
orientation and position of the change, and the prediction – made 29 hours in advance – that 
the change would be near Gelantipy was accurate. 
 
The prognoses produced by the model are – for many reasons – not always this accurate. 
The forecaster therefore uses the information as a ‘best estimate’, but with possible margins 
of error incorporated subjectively into the final forecast. Information on possible alternative 
scenarios (e.g. stronger winds, earlier arrival time of the change) are a particularly important 
component of the forecast provided to the fire agencies because it allows for safety-based 
contingency planning. 
 
A note on sigma levels 
 
Traditionally, NWP prognoses are presented as horizontal maps or distributions of the 
quantity in question, with separate charts for different height levels of the atmosphere. There 
are two usual ways in which the height is ascribed – either as a constant pressure level or as a 
constant ‘sigma’ level. When utilising this information in regions where significant orography 
is present, care must be taken. For example, an 850 hPa chart represents the atmosphere at 
an altitude of about 1500 metres above sea level, which over elevated alpine areas might be 
near (or even below) the surface. On the other hand, sigma levels represent the height above 
ground, with sigma level 1.0 defined as the surface. Sigma level 0.9943 (as per Figure 5.1) is 
about 50 metres above the ground. For many applications (included low-level wind change 
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tracking or wind forecasting along ridgetops), the sigma level display is therefore more 
useful. 
 

 

Figure 5.1: +29hr MesoLAPS .9943 sigma level wind prognosis for 4.00 pm EDST 30 January 
2003 (contours in knots). Predicted wind change line depicted by red dotted line. 



 

60 

 

 

Figure 5.2: AWS wind and temperature observations valid at 4.00 pm EDST 30 January 2003 
(wind barbs in knots). Observed wind change line depicted by red dotted line. The location 

of Gelantipy is highlighted. 
 
 

5.2 Forecasting rain 

A major reason why the Eastern Victorian Fires burned for such a protracted period was the 
lack of significant rainfall to extinguish the flames. Throughout the episode, there was 
significant interest in any predictions of rain. Two rainfall forecasting events – on 16 and 21 
February 2003 – are highlighted that demonstrate some of the challenges and issues faced by 
forecasters in making these forecasts. 

Case Study – 16 February 2003 

The fire weather outlook for Victoria issued on 13 February contained the following forecast 
for 16 February:  
 

Rain and local thunderstorms are likely in most areas on Sunday, especially over eastern parts with 
some heavier falls possible … Models are consistent in forecasting rain, but totals in the Northeast 
will depend on location and topography.  
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This forecast was based on computer model guidance such as that shown in Figures 5.3 
which is the +96hr rainfall prediction from the Bureau’s Global Assimilation Prediction 
Model (GASP).  
 
As the lead time to the expected rainfall event lessened, the available computer model 
guidance maintained an expectation of rainfall, although there were significant divergences in 
the amounts and distributions predicted. Figure 5.4 shows predictions from three of the 
models available to forecasters, the GASP model, the DWD global model from Deutscher 
Wetterdienst (the German National Meteorological Service) and the CMC global model 
from the Canadian Meteorological Centre. 
 

 

Figure 5.3: +96hr GASP rainfall prediction for 24-hour rainfall (in mm) to 11.00 am EDST 17 
February 2003 

 

 

Figure 5.4: +72hr GASP, DWD and CMC rainfall predictions (in mm) for 24-hour rainfall to 
11.00 am EDST 17 February 2003 

 
The actual rainfall recorded is shown in Figure 5.5. No rain at all was observed over Eastern  
Victoria. An unsuccessful forecast of this kind can have serious impacts on strategic fire 
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response planning, and can negatively impact the morale of both the fire-fighters and the 
general community, particularly after a long and difficult fire episode. 
 

 

Figure 5.5: Actual 24-hour rainfall (in mm) recorded to 9.00 am 17 February (9.00 am EDST 
17 February) 

Case Study – 21 February 2003 

Several days later, NWP model guidance again indicated the possibility of significant rainfall 
over Victoria in 3 to 4 days time (see Figure 5.6). Although the prognosed rainfall 
distributions were rather different between the available models, there was general consensus 
that rainfall was likely, especially over the eastern half of the State. The fire weather outlook 
issued 3 days prior to the event included the following: 
 

Moisture should extend from the northwest on Friday to other areas of the state.  This will lead to 
patchy rain contracting eastward and isolated showers and thunderstorms in most districts. 

 
Subsequent model guidance on 19 and 20 February reinforced the possibility of substantial 
rain in Victoria and the forecasts on 19 and 20 February included the possibility of locally 
heavy falls in the east of Victoria. 
 
The top left panel of Figure 5.6 shows the actual rainfall recorded. Notably better accuracy 
was achieved by the models than was the case for 17 February 2003.  
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Figure 5.6: +72hr rainfall predictions (in mm) from all available models for 24-hour rainfall to 
11.00 am EDST 22 February 2003. The actual recorded rainfall is shown in the top left-hand 

panel 
  
The two cases illustrated here underline the difficulty in accurately forecasting rainfall several 
days in advance. Of all weather parameters, rainfall is amongst the most difficult to model 
effectively. It is by nature a highly discretised quantity with sharp boundaries between rain 
and no-rain areas, and strong gradients in intensity, particularly for convective rainfall. This 
behaviour is difficult for models to capture accurately given their finite spatial resolutions. 
Added to this, the physical processes controlling rainfall production are highly complex and 
occasionally very subtle. Although major progress has been achieved in recent years in more 
accurately modelling the physics of precipitation, there are still many gaps.  
 
The consequence of this for the forecaster is that careful judgement is needed when 
interpreting model rainfall guidance. Examining an ‘ensemble’ of forecasts from various 
models is a more effective way of assessing rainfall likelihood and the possibility of 
alternative scenarios, than basing the forecast on a single model.  

5.3 Forecasting low level moisture 

Low level moisture is an important ingredient in fire weather forecasting and is critical when 
assessing the risk of thunderstorms. However, moisture prediction shares many of the same 
challenges that rainfall prediction poses for NWP models – the physical processes that affect 
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it are subtle and complex, and large variations occur over small distances, both vertically and 
horizontally. These difficulties are demonstrated in dew point temperature forecasts which 
usually show less accuracy than corresponding dry bulb temperature forecasts (as shown in 
the previous Chapter). 
 
The following section describes an interesting episode that occurred during the Eastern 
Victorian Fires that demonstrates some of the challenges of low-level dew point/relative 
humidity forecasting. 

Case Study – 26 January 2003 

The previous day’s forecast for dew point temperatures over northeast Victoria were around 
8 to 9°C for the afternoon of 26 January 2003, based primarily on guidance provided by the 
Bureau’s high resolution MesoLAPS model (see Figure 5.7).  
 

 

Figure 5.7: MesoLAPS +28hr dew point temperature forecast for 3.00 pm EDST 26 January 
2003, 0.9988 sigma level. Dew point contours/grey shades in °C, wind barbs in knots 

 
During the afternoon of 26 January, the surface dew point temperatures dropped below 0°C, 
well below the predicted values. As a result, the fire danger was significantly greater than 
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forecast. For example, at Gelantipy the forest fire danger index reached 55 (Extreme) 
compared to the forecast issued the day before of 33 (Very High). 
 
The probable source of this difference was in the inaccurate representation by the model of 
the moisture profile aloft. Figure 5.8 shows the MesoLAPS +30hr forecast vertical 
temperature and dew point profile at Albury (location marked by red dot in Figure 5.7), valid 
at 5.00 pm EDST 26 January. For comparison, the actual profiles recorded at Wagga Wagga 
at 10.00 am EDST 26 January and at Sydney at 3.00 pm EDST 26 January are also shown. 
Both locations were in a similar airmass to that over the Eastern Victorian Fires. 
 
The most significant discrepancy is the higher levels of atmospheric moisture predicted by 
MesoLAPS. The high temperatures that occurred on the day would have ensured effective 
mixing of the air to at least 700 hPa, resulting in very dry air aloft being brought to the 
surface and significantly lower surface dew point temperatures than expected by the model. 
 
For forecasters, the challenge is to carefully assess the accuracy of the model’s depiction of 
the vertical moisture distribution, particularly on hot days when significant vertical mixing 
can occur. An important step when determining a model’s dependability is to examine  how 
well it has captured the initial conditions by cross-checking against observations; models that 
have a poor t +0hr depiction are unlikely to give reliable prognoses. 
 
 

 

Figure 5.8: Dry bulb and dew-point temperature profile: Albury (+30hr MesoLAPS prognosis 
valid 5.00 pm EDST 26 January); Wagga Wagga (Observed 10.00 am EDST 26 January): 

Sydney (Observed 3.00 pm EDST 26 January). Dew point profiles are highlighted. 
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5.4 Effect of temperature inversions on fire behaviour 

Temperature inversions often mark a significant boundary between atmospheric conditions. 
Below the inversion (especially subsidence inversions), dew point temperatures are often 
higher. As well, the inversion often acts to ‘de-couple’ the wind flow aloft from the low-level 
flow, resulting in markedly stronger winds just above the level of the inversion. When the 
level of the inversion intersects topography, then significantly different ground conditions 
can be experienced depending on whether the elevation of the surface location is above or 
below the inversion. 
 
Case Study – 19 February 2003 
 
Figure 5.9 shows the vertical dry bulb and dew point temperature profile for Melbourne at 
10.00 am EDST 19 February 2003. For reference, the elevation of relevant Alpine AWS are 
shown. A strong subsidence inversion is evident just above the 900 hPa level (about 800 
metres). Beneath the inversion, the dew point is around 8°C; above the inversion, the dew 
point decreases rapidly to about -10°C at 800 hPa. This upper air profile was reasonably 
representative of the atmosphere across eastern Victoria that morning, and indicates that 
locations above the inversion were much drier than those areas beneath. 
 
 

 
 

Figure 5.9: Dry bulb (right) and dew-point (left) temperature profile for Melbourne at 10.00 
am EDST 19 February 2003. Elevations of AWS are shown. 
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Table 5.1 confirms this vertical dew point discontinuity. During the morning of 19 February, 
all AWS above about 800 metres experienced very dry conditions compared to those at 
lower elevations. Significantly, the dew points at Gelantipy and Haines Saddle (near Eildon) 
both dropped substantially in the afternoon, from 7°C to 0°C in the case of Gelantipy and 
from 4°C to –1°C at Haines Saddle, indicating the mixing down of dry air aloft to the 
surface. Interestingly, Combienbar, although at a similar elevation to Haines Saddle, did not 
show the same degree of drying. This underscores an important issue for forecasters which 
is that although the elevation of a location with respect to any inversions is of critical 
importance, there will also be other factors that play a role in how dry conditions may 
become. These factors include fluctuations in the structure of the inversion itself, the 
presence of localised areas of enhanced moisture (e.g. due to nearby bodies of water, or 
evapotranspiration from heavily forested areas) and topographical enhancements to the 
vertical circulation that may enhance or diminish the strength of the mixing. 
 
 
Location Height above 

sea level 
Time Dry 

bulb 
Dew 
point 

Relative 
Humidity 

Wind 
speed  

Forest Fire 
Danger  

 (m) (local) (°C) (°C) (%) (km/h) Index 
Mt Hotham 1849 0800 12 -13 16 9 10 
Mt Buller 1707 0700 12 -14 15 0 10 

Mt Baw Baw 1520 0630 8 -19 13 7 12 
Hotham AP 1245 0900 15 -20 7 6 18 
Hunters Hill 981 0530 14 0 38 6 6 

Gelantipy 760 0800 9 7 87 2 1 
Combienbar 640 0800 11 8 82 0 1 

Haines Saddle 638 0800 10 4 66 5 2 
Mt Moornapa 486 0800 10 7 82 9 1 

Mt Nowa Nowa 345 0800 11 6 71 13 2 

Table 5.1: AWS data for the morning of 19 February 2003. The approximate level of the 
inversion is indicated by the shaded row. 

 

5.5 Smoke forecasting 

As the Eastern Victorian Fires event unfolded, forecasting the likely extent of bushfire 
smoke plumes became increasingly important.  Forecasts for the general public incorporated 
information on likely smoke areas, due to its affect on public health and general visibility.  
Smoke severely affected aviation, both routine flying activities as well as aerial fire-fighting. 
 
Aircraft are used to combat fires in several ways.  Aerial suppression is used for 'first attack' 
in cases where the fire is inaccessible or has potential to spread significantly before ground 
crews have time to travel to or contain the fire (see Figure 5.11).  On larger scale wildfires, 
such as the Eastern Victorian Fires, aircraft play an important part in helping control the fire.  
DSE deploy fire fighters and specialist equipment from helicopters, enabling speedy access 
to and egress from fires burning in remote areas. The use of aircraft for these purposes is 
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severely affected by thick smoke – aircraft may be grounded, or once airborne, unable to 
locate the fire front. 
 
Aircraft are also used to map fires and locate 'hot spots' using infra-red and other remote 
sensing techniques. While these instruments can see through smoke to a degree, thick smoke 
and cloud cover can be a problem.  
 

 

Figure 5.10: Aerial photo of Alpine fires (courtesy DSE)  
 

 

Figure 5.11: Aerial bombing of fire (courtesy DSE) 



 

69 

 

 
During the Eastern Victorian Fires, the fire agencies liaised regularly with the Bureau to 
determine the likely cloud height and cover and extent of smoke, which was then factored 
into decisions on where aircraft were deployed and where they were moored. 
 
Forecasts of the likely movement of bushfire smoke have been developed over a two-year 
period in a joint project involving the Bureau and the Australasian Fire Authorities Council 
with the aim of assisting agencies responsible for prescribed burns and wildfires in 
minimising the impact of emissions from these.  This is achieved by providing the agencies 
with improved meteorological information on forecast smoke dispersion. 
 
The expertise developed during this project was used during the Eastern Victorian Fires to 
provide advice to the Victorian fire agencies on the likely extent of smoke for the following 
day.  The main forecast product came from the Bureau’s ‘HySPLIT’ and MesoLAPS models 
and comprised maps of likely smoke area, based on high resolution modelling of smoke 
dispersion from defined source locations (see Figure 5.12).  
 
Smoke can also affect temperatures by reducing the amount of solar radiation reaching the 
surface.  For example, the maximum temperatures in northeast Victoria on 23 January were 
2°C to 4°C less than in other parts of northern Victoria (and 5°C to 9°C less than forecast) 
due to a particularly heavy smoke blanket (see Figure 5.13).  This inhibition of temperature 
also affected wind conditions in the smoke affected areas, with winds aloft unable to mix 
down to the surface during the day. 
 

 
 
 

Figure 5.12: (left) +31 hr HySPLIT forecast smoke plume valid at 6pm 12 February 2003; 
(right) Enhanced NOAA-12 satellite image for 6pm 12 February 2003 showing fire locations 

(red dots) and smoke plumes (light brown) 
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Figure 5.13: Enhanced satellite image for 23 January 2003 showing extent of smoke over 
southeast Australia 
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Chapter 6: Summary conclusions 
 
The drought prevailing at the time of the Victorian Eastern Victorian Fires was one of the 
most severe in the nation’s recorded history.  Large areas of the country were experiencing 
serious or severe rainfall deficiencies.  Additionally, atmospheric humidity was below normal 
and daytime temperatures were at record high levels.  This combination of factors led to an 
early curing of fuels across most of Eastern Australia.  Although many of these factors were 
also present during previous major bushfire events, the high temperatures in the lead up to 
the 2002/03 fire season appear to be unprecedented.  The likelihood of conditions 
conducive to a bad fire season had been identified in Seasonal Outlooks provided to fire 
agencies and other users as early as mid-July 2002. 
 
There were several days during the Eastern Victorian Fires on which the fire danger reached 
very high to extreme in the fire area. Fortunately however, there were no ‘explosive’ days of 
the kind that occurred on Ash Wednesday 1983.  The very dry conditions leading into the 
2002/03 fire season do not in themselves fully explain the intensity and longevity of the fire 
episodes.  A significant contributor to the long period for which the bushfires remained 
active was the absence of any significant rain for several weeks after the fires were first 
ignited on January 8 2003. Most of the fire-affected region did not receive substantial rainfall 
until 21 or 22 February, a period of approximately 50 days. 
 
The Victorian fire-fighting effort was implemented by the Victorian Government, mainly 
through the lead fire fighting agencies of the Department of Sustainability and Environment 
(DSE) and the Country Fire Authority (CFA).  In support of this campaign, the Victorian 
Regional Office of the Commonwealth Bureau of Meteorology provided a sustained level of 
fire weather service not previously experienced. Pre-season planning identified the strong 
possibility of a severe season and contingencies for enhanced services were already in place. 
Ongoing consultation and interaction between the fire agencies and the Bureau underpinned 
the effective provision of fire weather services for the duration of the event. 
  
The fire agencies’ fire weather support teams played a vital role in gathering critical weather 
observations from the fire-line.  This involved siting PAWSs, taking actual site observations, 
releasing over 80 weather balloons for upper wind measurements and collecting reports of 
fire-line observations.  These observations were essential in providing information to the fire 
weather forecasters on conditions experienced near the fires and were directly responsible 
for improvements in the accuracy of the forecast and warning services that were provided. 
 
As a result of the provision of operational services during the event, it was clear that: 
• real-time verification of the accuracy of forecasts, using observations from the fire 

vicinity, are vital for improving the accuracy of forecasts and reducing biases; 
• inherent uncertainty in the analysis of weather parameters can account for up to 50% of 

the difference between the forecast and observed parameter; 
• wind changes through the Alpine area often move northwards from the Gippsland coast 

and can be accurately modelled by the Bureau’s high resolution MesoLAPS numerical 
model; 
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• high resolution models provided very good guidance for wind forecasting; however, they 
were less accurate in forecasting atmospheric moisture and in particular rainfall during 
the event; 

• temperature inversions can have major impacts on the weather conditions experienced at 
different locations and elevations within the Alpine region; 

• smoke dispersion and trajectory models can provide some important information of the 
likely impact of smoke on tactical fire-fighting operations. 
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Appendices 

Appendix 1: Australian Mean Sea Level pressure charts 1 January to 7 March 2003 
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Appendix 2: Sample Fire Weather Outlook 
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Appendix 3: Sample Spot Fire Forecast 
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Appendix 4: Sample fire-line weather observations 

 
 


