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Welcome from Editors 
 

It is our pleasure to bring to you the compiled papers from the Research Forum of the AFAC 

and Bushfire CRC Annual Conference, held in the Perth Exhibition and Convention Centre 

on the 28th of August 2012. 

These papers were anonymously referred. We would like to express our gratitude to all the 

referees who agreed to take on this task diligently. We would also like to extend our 

gratitude to all those involved in the organising, and conducting of the Research Forum. 

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

work being undertaken, The Research Forum focuses on the delivery of research findings 

for emergency management personnel who need to use this knowledge for their daily work.  

Not all papers presented are included in these proceedings as some authors opted to not 

supply full papers. However these proceedings cover the broad spectrum of work shared 

during this important event.  

The full presentations from the Research Forum and the posters from the Bushfire CRC are 

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

 

Richard Thornton and Lyndsey Wright  

June 2013  

ISBN: 978-0-9806759-6-2  

 

 

 

 

 

 

 

 

 

 

 

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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A comprehensive, nationally consistent 

climatology of fire weather parameters 
 

Jeffrey D. Kepert, Alan Wain and Kevin J. Tory 
1
High Impact Weather Research Team 

2
Centre for Australian Weather and Climate Research 

Conference paper for AFAC-2012, Perth, W.A., August 28 – 30, 2012. 

 

Abstract 

 
The weather, at various time scales, is a major factor influencing the risk from bushfires and 

grassfires. As our scientific understanding develops, a growing number of meteorological 

parameters have been recognised as contributing to this influence. This paper reports on 

progress to date in a project to develop a comprehensive and nationally consistent 

climatology of these parameters, as part of the Fire Danger Rating Project. 

 

National consistency is achieved by the use of high-quality reanalysis data from the 

European Centre for Medium-Range Weather Forecasting (ECMWF) Interim Reanalysis 

Project ERA-I, which avoids the problem of gaps, both spatial and temporal, in the 

observation coverage. These data, available 3-hourly on a 75 km grid worldwide, also avoid 

the problem of site-based observations that may be representative only of a geographically 

small area. 

The set of parameters to be analysed is wide, and ranges from traditional fire weather 

indices, the ingredients that go into them, through to indications of vertical stability, wind-

change strength, and the outcomes of recent research such as the importance of “dry slots”. 

Only a small sample is shown here. 

As well as providing a useful dataset in its own right, the climatology will underpin future 

work within the Fire Danger Rating Project by providing both a baseline for that research, 

and a computational infrastructure to calculate the weather component of proposed 

experimental indices.  

This conference paper is a report on progress to date. A full report will be prepared as part of 

the completion of the project. 
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Data 

 

The fire weather indices were calculated from a subset of the ECMWF Interim Reanalysis 

(ERA-I) held at the Bureau of Meteorology, which covers the period 1979 – 2011. Full details 

of the indices to be analysed are given in Section 3. The initial plan was to restrict attention 

to 6-hourly data from the period 20-year period 1989 – 2008, but a significant effort was 

made to obtain the additional 13 years of data, and at 3-hourly frequency for the entire 

period, for completeness and also to include the significant Ash Wednesday and Black 

Saturday events. Fuel moisture indices were calculated from the Bureau’s operational 

rainfall and temperature analyses. These datasets were chosen since: 

 

 Reanalysis data are as close to homogeneous in space and time as is possible. 

Observations, in contrast, do not provide complete spatial coverage, and may have 

gaps of varying lengths in the record. 

 The ERA-I is widely recognised as the highest-quality reanalysis available over 

Australia at present. The high quality is partly due to the use of an extremely 

sophisticated four-dimensional variational assimilation (4D-Var) system to prepare 

the reanalysis, partly to the high degree of refinement of the ECMWF atmospheric 

modelling system, and partly to the very extensive diagnostics and verification used 

during the preparation of the reanalysis (Dee et al., 2011). The reanalysis uses a 

version of the operational ECMWF Integrated Forecasting System, generally 

regarded as being the best in the world. Importantly, the same system is used for the 

whole of the analysis period, ensuring that the entire analysis benefits from the near-

current state-of-the-science in computer power and numerical weather prediction 

technology. The data will contain some unavoidable variation in quality through the 

period, due to steady improvements in weather observing technology and other 

changes in the observing network. However, post-1979 is generally regarded by 

meteorologists as being the “satellite era”, during which satellite technology had 

attained a sufficiently high standard that the artificial trends due to improvements in 

observational technology are acceptably small. 

 A limitation of all reanalysis products is that the rainfall may be inaccurately 

estimated, due to a number of factors including insufficient resolution to fully resolve 

the fine-scale processes that determine rainfall. Thus the historical gridded soil-

moisture index data described by Finkele et al. (2006a, b) and held by the Bureau of 

Meteorology was used to calculate the various moisture quantities used in the fire 

indices, rather than the ERA-I precipitation field.  

Parameters to be analysed 

 

The list of parameters was chosen after extensive consultation with project stakeholders, 

including during a meeting of the Project Advisory Group at Mt Macedon on July 20-21, 
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2011, and through the distribution of a document detailing the proposed parameters (Kepert 

and Tory, 2011). The following list is extracted and updated4 from that document. 

Existing fire indices 

 

 Forest Fire Danger Index Mark V (FFDI) 

 Grass Fire Danger Index Mark IV (GFDI) 

 Canadian Fire Weather Index (FWI) 

Atmospheric parameters 

 

 Atmospheric stability (continuous Haines, vertical velocity at 850 hPa). 

 Boundary-layer depth.  

 Air temperature at screen level. 

 Humidity at screen level. 

 Wind speed and direction at 10 m. Experience shows that this parameter often has a 

negative bias against observations. Hence the mixed-layer mean wind will be 

calculated also. 

 Mixed-layer mean wind, calculated over the depth of either the boundary layer (if 

available) or the mixed layer. 

 Wind-change strength, time permitting. The Huang-Mills wind change index (Huang 

and Mills, 2006, 2007; Huang et al., 2008) is designed for use with time-series data, 

and the 3-hourly ERA-I data may be too infrequent to use this approach directly. If 

time permits, a modification of the index to gridded synoptic data will be investigated. 

Alternatively, vorticity may be used as a proxy. 

 1000-500 hPa thickness gradient vector. 

 An index of dry lightning favourability, for example following Dowdy and Mills (2009).  

 An index of dry slots, to be devised. 

 An index of plume behaviour, if a suitable measure exists. 

Data processing 

 

The above parameters will be extracted or calculated from the ERA-I dataset and 3-hourly 

values stored in a suitable format such as NetCDF. 

Statistics to calculate 

 

The raw data for the whole of Australia over the full period will be available. Various 

summary statistics will be calculated, including 

 Mean 

                                                           
4
 Updates include the improvement from 6- to 3-hourly sampling, and some editorial corrections. 
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 Standard deviation 

 Histograms 

 Percentiles, especially of extreme fire-favourable thresholds (e.g. 95th and 99th 

percentile temperature, 1st and 5th percentile humidity). 

Comparison to Observations 

 

The ERA-I dataset represents the state of the science as far as reanalysis products go, but 

is nevertheless of relatively coarse spatial and temporal resolution (75 km and 3-hourly). 

Many users of fire-weather indices are more familiar with their calculation from point data 

from weather stations. More recently, the Bureau of Meteorology has moved to define the 

district fire-weather index as being the 90th percentile of the index calculated within that 

district from hourly data in the Bureau’s national forecast database. This database 

represents meteorological parameters at hourly intervals on a 3-km or 6-km grid, depending 

on the state, and forms part of the Bureau’s NexGen forecasting system, which is currently 

becoming operational. 

To set the scene, we present an initial illustration using data from the Bureau’s Yarrawonga 

automatic weather station (AWS), chosen because it has a relatively long record of high-

frequency (1 minute) data, and is located in a quite flat area in the fire-danger prone 

southeast of Australia. We calculate the frequency distribution of the FFDI using the raw 1-

minute mean data, and the same data averaged to 10 minute, 30 minute and 3 hour blocks. 

The more frequent data lead to a slightly higher estimate of the FFDI climatology, but the 

differences are not large (Figure 1 left). In contrast, if we choose to characterise the FFDI 

climate by its daily maximum value, the sampling frequency has a significant effect. Higher-

frequency sampling leads to significantly higher daily maxima (Figure 1 right), with a range of 

about 20 FFDI points between 1-minute and 3-hour samples in this case. The frequency 

distribution of the 3 pm local standard time (LST) FFDI is also shown, and in this case (but 

not others) is quite similar to that of the 3-hourly sampled data. The impact of sampling 

frequency on daily maximum FFDIs here is similar to that found for three Tasmanian stations 

by Fox-Hughes (2011). 
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Figure 1: Left: Cumulative frequency distribution of FFDI at Yarrawonga AWS, calculated using 1-

minute mean meteorological data (blue), 10-minute mean (green), 30-minute mean (red) or 3-hour mean 

(cyan). Right: Cumulative frequency distribution of daily maximum FFDI at Yarrawonga AWS, 

calculated from 1-minute data subsampled to 10-minute intervals (black curve with circles), 30-minute 

intervals (asterisks), or 3-hour intervals (triangles), together with the 3 pm local standard time values 

(thick tan line). 

 

 

 

 

Figure 2: Cumulative frequency distribution of FFDI calculated from 10-min mean data at several AWSs 

in the vicinity of Melbourne. The individual panels show (left) the distribution of 10-minute FFDI, 

(centre) the distribution of daily maximum FFDI and (right) the distribution of 3-pm local standard time 

FFDI. 
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Figure 3: Comparison of ERA-I to station data at Yarrawonga for February 2009. (a) Frequency 

distributions of FFDI from ERA-I (blue) and AWS (red). (b – e) Scatter-plots of FFDI and its 

meteorological components. (f) Time-series of FFDI from ERA (blue) and AWS (red) for the month of 

February 2009. (g) Time-series of the difference in FFDI for the month of February 2009. 
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Significant spatial variations in FFDI climatology can exist over small distances. Figure 2 

shows three depictions of the cumulative frequency distribution of FFDI from four stations in 

the vicinity of Melbourne. These stations are located within about 50 km of each other, less 

than the grid spacing of the ERA-I data, so would potentially be represented in that data by a 

single cell. The percentile values of FFDI vary by 5 to 10 FFDI units between stations, with 

Melbourne Airport generally having the highest values, presumably because it is furthest 

inland and less subject to sea breezes. 

We therefore recommend that the following elements be considered in interpreting the ERA-I 

FFDI data, relative to station data: 

 

 Daily maximum FFDI will be underestimated relative to AWS data due to the 3-hourly 

sampling, by up to the order of 20 units. 

 The distribution of instantaneous FFDI is much less affected by the sampling 

frequency. 

 Grid cells in the ERA-I data may cover a range of distinct climatologies, due (for 

example) to strong near-coastal gradients in temperature and humidity. Similar 

heterogeneity effects are likely in regions of significant topography. The smoothed 

topography in ERA-I is an additional factor to consider here. 

 

Figure 3 presents a direct comparison of the ERA-I data with station data, in this case for 

Yarrawonga (in northern Victoria). The shape of the density functions is similar for 

observations and reanalysis, and there are only slight systematic biases, either in the FFDI 

ingredients, or in the index itself. The diurnal cycle in FFDI is well reproduced. The 

temperature and humidity data have small scatter, while the wind speed is more variable. A 

time series of the station and reanalysis data provide a consistent view of the extreme fire 

weather on Black Saturday (7 February, 2009). Similar comparisons to data from other 

AWSs are in preparation. 

ERA-I’s view of Ash Wednesday 

 

As a further illustration of the verity of the ERA-I dataset, Figure 4 shows the sequence of 

the fire weather on Ash Wednesday (16 February, 1983), as depicted by the FFDI. Similar 

plots have and will be examined for other notable events; so far the dataset appears to 

depict their development very well. 

A Preliminary Climatological Analysis 

 

As an initial look at fire climatology, the FFDI was calculated for the entire data set. The 

necessary drought factor data were obtained from the gridded data described by Finkele et 
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al. (2006a,b)5. We note that FFDI is strictly only meaningful in forested regions; the reader 

should take this into account when interpreting the remainder of this section. 

 

Maps of the maximum, 95th percentile and mean of the FFDI over the summer months 

(December, January and February) for the eight analysis hours are shown in Figures 5 to 7 

respectively. Note that the colour bars are different on each figure. The three irregular 

regions of zero values in each map represent data voids in the drought factor data, due to 

there being insufficient rainfall data to calculate the Keetch-Byram Drought Index (KBDI) 

there (see Jones et al. 2009 for more detail on the underlying daily rainfall analyses).  

 

                                                           
5
 The computation of these data has continued, and they are available up to the present. 
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Figure 4: 3-hourly fields of FFDI on Ash Wednesday 1983, beginning from 00 UTC (1100 EDT) on 16 

February 1983. Note the high values in and around western Victoria in the afternoon, and the subsequent 

progression of the wind change across the continent. The irregular dark blue or white regions in the 

sparsely populated interior are due to data voids in the daily rain gauge network, making the drought 

factor data unavailable. 
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On average (Figure 7), the highest values are found in the interior of the continent, extending 

to the west coast between about 20 and 30oS and to the region around the head of the 

Bight. Mean summertime values in the southwest, southeast, eastern and northern coasts 

are quite low. In contrast, the all-time (i.e. 1979 to 2011) maxima (Figure 5) show values in 

excess of 50 along much of the coast during the afternoon. However, these extreme values 

are quite rare, and are not apparent in these regions in the 95th percentile maps (Figure 6). It 

is interesting to note that Tasmania is barely visible at these colour scales in these figures, 

supporting the current practice of using different thresholds of FFDI for some fire danger 

rating categories in Tasmania, from those on the mainland. 

The seasonality is illustrated in Figures 8, 9 and 10, which show the all-time maximum of 

FFDI at 0300, 0600 and 0900 UTC for each of the four seasons. Here, seasons are defined 

in the conventional way as blocks of three whole months. Australian local standard time is 8 

hours ahead of UTC for WA and 10 hours for the eastern states, so 0300 UTC corresponds 

to 11 am (1 pm) local standard time in the west (east), 0600 UTC to 2 pm (4 pm), and 0900 

UTC to 5 pm (7 pm). A number of interesting features are apparent, including that extreme 

events tend to persist later into the day in summer than in spring, and that spring generally 

has higher peak FFDI values than autumn. It is clear that further analysis will reveal many 

more interesting features. 

Summary 
 

The complete ERA-I dataset has been obtained at full horizontal resolution for the Australian 

region, allowing a detailed, nationwide analysis of climatological parameters pertaining to fire 

activity. 

The preliminary analysis herein shows that the data have little bias, but that estimation of 

parameters such as daily maxima may be biased low compared to more frequently sampled 

data, due to sampling frequency effects. Interpretation of the data should also take account 

of possible spatial gradients, for example near the coast or mountains. 

Maps of FFDI for the country as a whole reveal a range of intriguing regional differences in 

climatology. We expect that further analysis of this dataset will continue to reveal much 

about the fire weather climatology of Australia, and be of significant value to the Fire Danger 

Rating project. It will also serve as a valuable resource in the effort to develop new, and 

improve current, fire danger rating methods. 

A more complete report on this work is nearing completion, and will be published as a 

CAWCR Technical Report in due course (Wain et al. 2013). 
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Figure 5: Maximum summertime FFDI during the period 1979 – 2011 from the ERA-I dataset as 

described in the text. The individual panels correspond to 3-hour periods, starting with 0000 UTC in the 

upper left and finishing with 2100 UTC at the lower centre. The irregular dark blue regions in the 

sparsely populated interior are due to data voids in the daily rain gauge network, making the drought 

factor data unavailable. 
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Figure 6: As for Figure 5, except for the 95
th

 percentile summertime FFDI. Note that the colour scale has 

changed. 
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Figure 7: As for Figure 5, except for the mean summertime FFDI. Note that the colour scale has changed. 
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Figure 8: Maximum summertime FFDI at 0300 UTC over the period 1979 – 2011 from the ERA-I dataset 

as described in the text. The individual panels correspond to seasons: spring (top left), summer (top 

right), autumn (lower left) and winter (lower right). The irregular blue regions in the sparsely populated 

interior are due to data voids in the rainfall network making the drought factor data unavailable. Note 

that 0300 UTC corresponds to 11 am local standard time in the west and 1 pm in the east. 
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Figure 9: As for Figure 8, except at 0600 UTC. Note that 0600 UTC corresponds to 2 pm local standard 

time in the west and 4 pm in the east. 
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Figure 10: As for Figure 8, except at 0900 UTC. Note that 0900 UTC corresponds to 5 pm local standard 

time in the west and 7 pm in the east. 
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