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Welcome from Editor 
 

It is my pleasure to bring to you the compiled papers from the Science Day of the AFAC and 

Bushfire CRC Annual Conference, held in the Sydney Convention Centre on the 1st of 

September 2011. 

These papers were anonymously referred. I would like to express my gratitude to all the 

referees who agreed to take on this task diligently. I would also like to extend my gratitude to 

all those involved in the organising, and conducting of the Science Day. 

The range of papers spans many different disciplines, and really reflects the breadth of the 

work being undertaken, The Science Day ran four steams covering Fire behaviour and 

weather; Operations; Land Management and Social Science. Not all papers presented are 

included in these proceedings as some authors opted to not supply full papers.  

The full presentations from the Science Day and the posters from the Bushfire CRC are 

available on the Bushfire CRC website www.bushfirecrc.com. 

 

Richard Thornton 

November 2011. 

ISBN: 978-0-9806759-9-3 

 

 

 

 

 

 

 

 

 

 

Disclaimer:  

The content of the papers are entirely the views of the authors and do not necessarily reflect 

the views of the Bushfire CRC or AFAC, their Boards or partners.  

http://www.bushfirecrc.com/
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Progress in understanding springtime fire 
weather in Tasmania 

 

Paul Fox-Hughes 
Bureau of Meteorology, Hobart, Tasmania 

Institute for Marine and Antarctic Studies, University of Tasmania 
Bushfire Co-Operative Research Centre 

 

Abstract 
 

In recent decades, there has been an increase in the occurrence of dangerous fire weather 

events during the Tasmanian springtime. To understand this phenomenon, a climatology of 

Tasmanian fire weather has been constructed, establishing objectively the extent of changes 

in typical spring fire weather and allowing comparison with any changes to fire weather in 

other seasons.  The data reveal little change in fire weather characteristics of other seasons, 

suggesting that the observed increase in springtime fire weather is not an artifact of site or 

instrumental changes. Individual case studies of events have been examined, identifying 

features of the synoptic and mesoscale situations that have led to dangerous springtime fire 

weather behaviour.  The events studied had a number of similar aspects, including the 

occurrence of very dry air, but differences included the origin of the driest air in each event 

and local antecedent rainfall.  Currently, a synoptic climatology is being assembled of 

weather patterns corresponding to high-end events. It is hoped that this will enable an 

expansion on insights gained from the case studies, and improve the predictability of 

dangerous springtime fire weather events. 
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Figure 1. Location of sites used to derive 

fire weather climatology 

Introduction 
 

A project is currently underway to better understand Tasmanian springtime fire weather.  

Springtime fire weather is a well-recognised phenomenon in many parts of the world, 

including the Eurasian boreal forests, parts of the United States and the Australian sub-

tropics, but is less well understood in Tasmania, where the primary fire danger peak occurs 

in summer and early autumn (Luke and McArthur 1978).  Anecdotal reports over many years 

suggested that a secondary peak in the seasonal fire danger occurs in Tasmania during 

spring, and an attempt is being made to characterise and better understand the 

phenomenon. 

Much of the following has been published or is in the process of publication.  This 

presentation draws together those publications into a single document for the AFAC 

Conference, wherein the results have not, for the most part, been aired before. 

The structure of the presentation breaks naturally into the areas covered by each of the 

three publications to date that have followed from the project.  First, long-term synoptic 

weather observations for a number of Tasmanian locations are examined, to objectively 

confirm the existence and nature of the springtime peak.  Secondly, high temporal resolution 

fire weather observations from several Tasmanian automatic weather stations (AWS) are 

analysed, highlighting the variability of fire weather diurnally.  Case studies of critical 

springtime fire weather events follow in the third section, where the dynamics of individual 

events are highlighted.  Finally, some preliminary aspects of a synoptic climatology of 

Tasmanian springtime fire weather events are mentioned, as an indicator of current work on 

this project. 

 

Climatology of Fire Weather in Tasmania 
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Figure 2.  Comparison of spring and autumn 

counts of FFDI 40 or more at Hobart City, binned 

by decade. 

0

2

4

6

8

10

12

14

1947-56 57-66 67-76 77-86 87-96 97-06

Decade

N
u

m
b

e
r 

o
f 

O
c

c
u

rr
e

n
c

e
s

spring 

autumn

 

Digitised three hourly synoptic weather observations from five Tasmanian sites (see Figure 

1) were used to derive a climatology of Mark V McArthur forest fire danger index (FFDI) 

across the state.  At Swansea, on the east coast of Tasmania, observations were available 

only at 1500 LCT (Local Clock Time). Details of the derivation of the FFDI values are 

contained in Fox-Hughes (2008). Briefly, FFDI values were obtained using the drought factor 

calculation of Griffiths (1999) with Soil Dryness Indices (SDI) providing longer term dryness 

information.   

The data revealed a number of interesting features of the fire danger climate of Tasmania.  

Firstly, there is indeed an objectively identifiable springtime peak in fire danger, but it is 

largely confined to eastern and southeastern Tasmania.  The Strahan and Launceston 

Airport data gave little indication of elevated FFDI values before November. In southeastern 

Tasmania, at both Hobart City and Hobart Airport observation sites, approximately one in 

every two fire weather seasons (nominally October through the following April) were 

characterised by a springtime peak, where a springtime peak here was defined as a monthly 

highest value in October or November which exceeded that for the following month by at 

least 10.  Of particular interest, when the longest-running record, that of Hobart City, is 

examined, it is clear that there has been a recent increase in the number of “high-end” 

events, those with peak FFDI of 40 or more during the spring.  This is not simply an artifact 

of, for example, the observation site or instrumentation used, as no such trend is evident in 

FFDI during other seasons (Figure 2), and the pattern is repeated with the Hobart Airport 

site, within the constraint that the Airport record is shorter (all required data digitised from 

1960).  
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Comparison of Times of Peak Fire Danger for Low and High 

Elevation Stations 
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Figure 3.  Comparison of peak fire danger between Hobart Airport and Mt 

Wellington, as the percentage of VH FFDR at each station falling at each 3 

hour synoptic time. 

Another interesting feature of the data was the comparison between high and low-level 

stations.  Only about a decade of data was available for Mt Wellington (1260 m elevation), 

but there was a clear difference between the diurnal patterns of fire danger at the low level 

Hobart City and Airport sites and Mt Wellington (across all seasons).  The elevated site 

experienced a fire danger peak much earlier in the day than did the lower lying stations. 

Figure 3 illustrates this difference, plotting the percentage of Very High FFDR (forest fire 

danger rating) experienced by Hobart Airport and Mt Wellington at each three hourly 

synoptic observation time. 

High Resolution Data and Findings 
 

The differences in diurnal fire danger between stations to some extent evident in the 

synoptic data suggested that there is value in examining more frequent fire weather 

observations. Such data, at hourly or half-hourly resolution, have become more readily 

available with the widespread introduction of AWS in the last two decades.  The high 

temporal resolution data suggest the degree of accuracy of estimates of daily peak FFDI 

based on synoptic or 1500 LCT-only observations, and are therefore useful in calibrating the 

outputs of climate studies which are in most cases based on infrequent observations. The 

AWS observations also provide an indication of the value that may be gained from high 

temporal resolution forecasts of fire weather now becoming available with the Nexgen 

Forecast and Warning System being introduced across Australia by the Bureau of 

Meteorology.  
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Figure 4.  Stacked clustered column plots of  50
th

, 90
th

 and 99
th

 percentile FFDI at 

Hobart Airport. “All” observations include those through the year, while “fs” include 

October-March fire season observations.  The columns represent “metar” (half-

hourly), “synop” (three hourly and 1500-only observations. 
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Half-hourly data from three stations were examined: Hobart (19 years data available), 

Launceston and Devonport Airports (approximately 12 years each), across all seasons, with 

FFDI calculated following the method outlined above.  Further details of the data 

specification are available in Fox-Hughes (2011a).  The results of the study clearly indicate, 

unsurprisingly, that infrequent observations under-estimate the peak values of FFDI.  Figure 

4 displays a stacked cluster column plot of key percentiles of peak daily FFDI for Hobart 

Airport, across the entire year (“all” in the figure legend) and within a nominal fire season 

October to the following March (“fs”). Columns represent “metar” (half hourly), “synop” (three 

hourly) and 1500 LCT-only observations.  For each percentile, across the whole year and 

within the fire season, the frequent observations give a higher peak daily FFDI.  Further, as 

the percentile increases (and fire danger becomes more critical) the disparity between 

measures of peak daily FFDI increases.   
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Hobart Airport Time of Peak FFDI
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Figure 5.  Frequency analysis of times of Peak FFDI for various 

FFDI ranges at Hobart Airport, plotted with a logarithmic y-

scale to better resolve the plots displaying differing ranges of 

FFDI. 

Figure 6.  Plot of event duration vs. event count for several ranges 

of FFDI recorded at Hobart Airport using the high temporal 

resolution dataset. The ranges are: FFDI Very High (VH - 25) or 

higher, 38 or higher and 50 or higher. 
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Availability of frequent 

observations allows an analysis 

of diurnal trends that is more 

detailed than that already seen 

with the synoptic dataset thus, for 

example, time of day of peak 

FFDI can be identified quite 

precisely.  At Hobart Airport, the 

daily peak is early to mid-

afternoon, but almost 50% of 

days when FFDI reached 38 (the 

level at which Tasmania Fire 

Service generally considers a 

Total Fire Ban) peak FFDI was 

recorded at a time other than 

1500 LCT. When observations 

are restricted to progressively higher FFDI values, the Hobart Airport time of peak FFDI 

begins to drift to earlier in the day (Figure 5).  Within the dataset considered, peak FFDI of at 

least 12 occurs near 1500 LCT, that of 38 is a little after 1200 LCT, while the relatively few 

days with peak FFDI reaching or exceeding 50 suggest a most likely time of the peak closer 

still to 1200 LCT.  It is likely, then, that the higher the peak FFDI experienced during the day, 

the earlier it is likely to occur.  While Launceston Airport generally records lower fire danger 

than Hobart, a similar trend is evident in the data from that station. 

 

The high resolution dataset allows 

examination of fire weather event duration. 

Figure 6 suggests that higher FFDI events 

tend to be of shorter duration.  This was 

explicitly investigated in the study. Figure 6 

plots the measured duration of a number of 

FFDI ranges for Hobart Airport, where the 

duration of, for example, a FFDI 38 event is 

the length of time from first report during a 

day of FFDI at least 38 to the final report 

(even if the FFDI dipped below the criterion in 

the interim). It is clear from Figure 6 that 

higher FFDI events tend to be shorter in 

duration, and more likely to be missed by 

synoptic, and particularly 1500 LCT-

only, reporting schedules. 

 



Paul Fox-Hughes: Progress in understanding springtime fire weather in Tasmania  

Page | 11  R.P.Thornton (Ed) 2011, ‘Proceedings of Bushfire CRC & AFAC 2011 Conference Science Day’ 1 September 

2011, Sydney Australia, Bushfire CRC  

 
 

Figure 7.  12 hour forecast cross-sections along the line 40.0 
o
S 

144.0 
o
E to 45.0 

o
S 149.0 

o
E from the 1200 UTC 11 October 

mesoLAPS numerical model run, valid 0000 UTC (1100 LCT) 12 

October.  Approximate location of Hobart is indicated by the 

arrow in the top panel. (a)  Potential temperature isentropes, in 

K, at intervals of 2 K (b) Vertical motion, in hPa hr
-1

, negative 

values dashed and contour interval 20 hPa hr
-1

 

 

Significant Event Case Studies 
 

Aggregate data paint a useful picture of broad fire danger patterns, but there is much to be 

gained from examination of individual events.  Two events were selected for study from the 

databases of fire danger discussed above, and are documented in detail in Fox-Hughes 

(2011b).  Both were exceptional springtime fire weather occurrences.  On 7 November 2002, 

approximately 40 scrub fires occurred in southeast Tasmania ahead of an early evening 

frontal passage.  FFDI peaked sharply in the evening over 100, as mean wind increased 

above 60 km/h and dewpoint temperature dropped below -10 oC.  Several days leading to 12 

October 2006 were significant fire weather days in their own right.  By about 1100 LST 12 

October, FFDI in southeast Tasmania had 

climbed above 100, remaining above that 

value for much of the day, while dewpoint 

temperature dropped as low as -17 oC (and 

relative humidity 4%), wind hovered close to 

50 km/h and  an 800 ha fire burnt along 

Hobart’s eastern shore. 

      

Both events were characterised by 

exceptionally low humidity, with some 

similarities in the mechanisms acting to 

deliver such dry air.  Air was advected over 

Tasmania from the drought-stricken 

Australian continental interior ahead of 

approaching cold fronts, and slowly 

descended around the flanks of high 

pressure systems.  That air was further 

dried and warmed by the action of a foehn 

effect as the northwesterly trajectory of the 

airmass in both cases took it over the 

Central Plateau of Tasmania.  This is 

illustrated by Figure 7 for the 12 October 

case, where a vertical cross-section is taken 

through a 12 hour operational numerical 

weather prediction (NWP), from 40 oS 144 oE 

to 45 oS 149 oE, i.e. northwest to southeast 

across Tasmania.  In Figure 7(a), a sharp increase with height can be seen on the upwind 

(left hand side) of the model Tasmanian topography, indicating the presence of a marine 

boundary layer, while on the downwind slope the air was well-mixed, evident from the lack of 

increase in potential temperature in the lower layers.  These features suggest the presence 

of a foehn effect, as the airmass upwind of the topographic barrier presented by the Central 

Plateau slid over the boundary layer air, descending and warming in its lee, as described in 
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Figure 9.  18 hour model forecast of relative humidity (black), 

at intervals of 10%, between 10 and 60%, and potential 

vorticity (red), at intervals of 0.2 PVU between -0.7 and -2.1 

PVU along 47
 o
S 140 

o
E to 41

 o
S 150 

o
E. 

Figure 8.  Scatterplot of Hobart Airport 850 hPa wind 

speed (m s
-1

) and dewpoint depression (
o
C) from routine 

2200 or 2300 UTC (0900 local time) radiosonde 

soundings between 1992 and 2010.  The two case study 

values are indicated by black diamonds.  Threshold 

values of 25 m s
-1 

and 20
 o
C are represented by gridlines 

Sharples et al (2010).  In Figure 7(b), dashed isopleths of vertical motion indicate negative 

(i.e. upward) motion upwind of the Plateau, while positive (downward) motion is indicated in 

the lee of the topography, as would be expected in the operation of a foehn wind. 

 

The case studies suggest a potentially useful discriminator for extreme fire weather days.  

Figure 8 displays a plot of 850 hPa windspeed and dewpoint depression for Hobart Airport.  

The two cases fall at the extremity of the plot, together with a number of other points.  Of the 

12 extreme points falling outside the criteria of windspeed no more than 25 m s-1 and 

dewpoint depression no more than 20 oC, only two were not dangerous fire weather days.  

These two days were notable for extensive cloud cover.   

 

The two cases differ in the local antecedent ground 

moisture conditions and in the origin of the driest air 

on each day.  In November 2002, rainfall had been 

close to average in the preceding few months, but 

October 2006 followed several months of 

exceptionally dry conditions. There is good evidence 

that dry air advected on 12 October 2006 from the 

continental interior, where it was already very dry, 

without substantial modification.  On the other hand, 

the sharp spike in FFDI and its underlying weather 

parameters on 7 November 2002, some hours after 

diurnal mixing, suggest the intrusion of air from 

another source.  Again, NWP data suggest a 

mechanism for the origin of the driest air on this day.  

Figure 9 presents an 18-hour model forecast cross-

section through 47 oS 140 oE to 41 oS 150 oE, across southern Tasmania (shown in the lower 

right of figure, the position of Hobart indicated by an arrow), and through the approaching 

trough associated with the cold front mentioned earlier. Red lines indicate potential vorticity 

in vorticity units (PVU, units 10-6 K kg-1 m2 s-1), between -0.7 and -2.1 PVU, while solid black 

lines indicate humidity between 

10 and 60%. The bunching of PV 

isopleths near the top of the 

figure indicates the location of the 

tropopause. A tropopause 

depression is evident in the 

upper left of the figure, identifying 

the location of the trough at 

upper levels.  Of particular 

interest, a channel of low relative 

humidity coinciding with an area of 

high PV extends from the 

depressed tropopause towards 
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Figure 10.  Airmass trajectory for the 10 days 

leading to 0600 UTC (1700 LCT) 22 November 

1997.  Figure courtesy of NOAA Air Resources 

Laboratory, using NCEP/NCAR reanalysis 

data. 

Tasmania.  High momentum air (stronger winds) accompanies this feature (not shown in this 

figure), all of which strongly suggests that a stratospheric intrusion of very dry, higher 

momentum air reached close to the surface ahead of the cold front on 7 November 2002.  

Once it reached the boundary layer, it would have quickly mixed to the surface, as described 

in Mills (2008), Charney and Keyser (2010), and in other references, and caused the 

observed rapid increase in FFDI. 

 

 

Towards a Synoptic Climatology 
 

The two case studies examined indicate that there is 

more than one mechanism acting to cause elevated 

FFDI during springtime in Tasmania, so any 

explanation of the recent increase in dangerous fire 

weather events will need to address this fact.  

Recently, a synoptic climatology study has 

commenced, attempting to place these events into a 

broader context.  Ultimately, it is hoped that the study 

will identify features of the broader atmospheric flow 

conducive to dangerous springtime fire weather 

events, allowing an increased degree of preparedness 

on the part of forecasters and fire agency staff.  There 

are indications, for example, that many such events 

are preceded by sustained airmass descent through a 

considerable fraction of the atmosphere upwind of 

Tasmania.  As an example, on 22 November 1997, 

Hobart Airport recorded FFDI 48 ahead of the 

passage of a cold front (the overwhelming majority of 

dangerous spring fire weather events on Tasmania 

are prefrontal).  Examination of the trajectory of the 

airmass prior to it reaching southeast Tasmania 

reveals airmass descent through more than 5000 metres in the preceding10 days, and 

approximately 2000 metres in the final 48 hours (Figure 10).  Such a trajectory is unusual in 

general, but not uncharacteristic of the events being studied, and may offer clues to the 

meteorological precursors of such events.  Certainly, the airmass would warm substantially, 

and become drier during such a period of descent, preconditioning the air for a dangerous 

fire weather event. 

 

Conclusion 
Progress has been made in the study of Tasmanian springtime fire weather events.  Much of 

the output has been published in the peer-reviewed literature, or is about to be published.  A 



Paul Fox-Hughes: Progress in understanding springtime fire weather in Tasmania  

Page | 14  R.P.Thornton (Ed) 2011, ‘Proceedings of Bushfire CRC & AFAC 2011 Conference Science Day’ 1 September 

2011, Sydney Australia, Bushfire CRC  

 
 

number of results are of immediate practical use, or useful background, for operational 

forecasters and fire agency staff, including: 

  

 Existence of a springtime fire weather peak, in eastern and southeastern 
Tasmania roughly one year in two 

 Increase in occurrence of dangerous springtime events in recent decades 

 Documentation of the character of diurnal variability of fire weather in Tasmania 

 Nature of the mechanism of dry air transport over Tasmania during (at least 
some) fire weather events during springtime. 

 A discriminator for dangerous fire weather days, based on readily available 850 
hPa weather parameters. 

 

Further, there are promising leads in extending the work already done, to define precursor 

conditions likely to lead to days of dangerous fire weather in spring in Tasmania. 
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