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Executive Summary

Bushfires are an inevitable occurrence in Australia. With more than 800 endemic
species, Australian vegetation is dominated by fire-adapted eucalypts. Fire is most
common over the tropical savannas of the north, where some parts of the land
burn on an annual basis. However, the southeast, where the majority of the
population resides, is susceptible to large wildfires that threaten life and property.

A unique factor in these fires of the southeast is the climate of the region. The
southeast experiences a so-called Mediterranean climate, with hot, dry summers
and mild, wet winters. The winter and spring rains allow fuel growth, while the dry
summers allow fire danger to build. This normal risk is exacerbated by periodic
droughts that occur as a part of natural interannual climate variability.

Climate change projections indicate that southeastern Australia is likely to become
hotter and drier in future. A study conducted in 2005 examined the potential
impacts of climate change on fire-weather at 17 sites in southeast Australia. It
found that the number of ‘very high’ and ‘extreme’ fire danger days could increase
by 4-25% by 2020 and 15-70% by 2050. Tasmania was an exception, showing little
increase.

This report updates the findings of the 2005 study. A wider range of observations is
analysed, with additional sites in New South Wales, South Australia and southeast
Queensland included. The baseline dates of the study, commencing in 1973, are
extended to include the 2006-07 fire season. The estimated effects of climate
change by 2020 and 2050 are recalculated using updated global warming
projections from the Intergovernmental Panel on Climate Change (IPCC). Two new
fire danger categories are considered: ‘very extreme’ and ‘catastrophic’.

This study also differs from the 2005 study in that different analysis methods are
used. In addition to the annual changes in fire danger estimated before, changes
to individual seasons and season lengths are explicitly examined. There is also a
focus on the changes to the upper extremes of fire danger. These projected
changes are compared with trends over the past few decades.

Climate change projections

The primary source of data for this study is the standard observations made by the
Bureau of Meteorology. The locations of the 26 selected observing stations are
shown in Figure E1. At these stations, the historical record of Forest Fire Danger
index (FFDI) and the likely impacts of future climate change are calculated. There
are homogenization issues with the data that could affect the interpretation of the
results, particularly the analysis of the current trends. However, estimates of the
errors suggest that these are small enough that we can have confidence in the
results.

Climate change projections over southeastern Australia were generated from two
CSIRO climate simulations named CCAM (Mark2) and CCAM (Mark3). Projected
changes in daily temperature, humidity, wind and rainfall were generated for the
years 2020 and 2050, relative to 1990 (the reference year used by the IPCC). These
projections include changes in daily variability. They are expressed as a pattern of
change per degree of global warming.



The patterns were scaled for the years 2020 and 2050 using IPCC estimates of
global warming for those years, i.e. 0.4-1.0°C by 2020 and 0.7-2.9°C by 2050. This
allows for the full range of IPCC scenarios of greenhouse gas and aerosol emissions.

The modelled changes from the various scenarios are then projected onto the
observed daily time series of temperature, rainfall, wind and relative humidity
from 1973 to early 2007. This methodology provides an estimate, based on the
observed past weather, of what a realistic time series affected by climate change
may look like, assuming no change in year-to-year variability beyond that observed
in the past 34 years.

For projected changes in annual cumulative FFDI (XFFDI), the CCAM (Mark3) high
global warming scenario produces the largest changes, while the CCAM (Mark2) low
global warming scenario gives the smallest changes (Figure E1). In all simulations,
the largest changes are in the interior of NSW and northern Victoria. As a deneral
rule, coastal areas have smaller changes. By 2020, the increase in XFFDI is
generally 0-4% in the low scenarios and 0-10% in the high scenarios. By 2050, the
increase is generally 0-8% (low) and 10-30% (high).
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Figure E£1: Percentage changes to XFFDI in the CCAM (Mark 3) simulations. The 2020 case is on the
left; 2050 on the right. At each site, values for the ‘low’ scenario are to the left of slash, while
values for the high scenario are to the right.

The annual cumulative FFDI values mask much larger changes in the humber of
days with significant fire risk. The daily fire danger rating is ‘very high’ for FFDI
greater than 25 and ‘extreme’ when FFDI exceeds 50. Two new ratings have been
defined for this report: ‘very extreme’ when FFDI exceeds 75 and ‘catastrophic’
when FFDI exceeds 100.

The number of ‘very high’ fire danger days generally increases 2-13% by 2020 for
the low scenarios and 10-30% for the high scenarios (Table E1). By 2050, the range
is much broader, generally 5-23% for the low scenarios and 20-100% for the high
scenarios.

The number of ‘extreme’ fire danger days generally increases 5-25% by 2020 for
the low scenarios and 15-65% for the high scenarios (Table E1). By 2050, the
increases are generally 10-50% for the low scenarios and 100-300% for the high
scenarios.



Table E1: Percent changes in the number of days with very high and extreme fire-
weather - 2020 and 2050, relative to 1990

2050
Low global High global Low global High global
warming warming warming warming
(0.4°C) (1°C) (0.7°C) (2.9°C)
Very high +2-13% +10-30% +5-23% +20-100%
Extreme +5-25% +15-65% +10-50% +100-300%

‘Yery extreme’ days tend to occur only once every 2 to 11 years at most sites. By
2020, the low scenarios show little change in frequency, although notable
increases occur at Amberley, Charleville, Bendigo, Cobar, Dubbo and Williamtown.
The 2020 high scenarios indicate that ‘very extreme’ days may occur about twice
as often at many sites. By 2050, the low scenarios are similar to those for the 2020
high scenarios, while the 2050 high scenarios indicate a four to five-fold increase
in frequency at many sites.

Only 12 of the 26 sites have recorded ‘catastrophic’ fire danger days since 1973.
The 2020 low scenarios indicate little or no change, except for a halving of the
return period (doubling frequency) at Bourke. The 2020 high scenarios show
‘catastrophic’ days occurring at 20 sites, 10 of which have return periods of around
16 years or less. By 2050, the low scenarios are similar to those for the 2020 high
scenarios. The 2050 high scenarios show ‘catastrophic’ days occurring at 22 sites,
19 of which have return periods of around 8 years or less, while 7 sites have return
periods of 3 years or less.

Further, the projected changes vary at different times of the year. The largest
changes in the seasonal median FFDI are seen in the season of highest fire danger,
generally summer. A large change is also seen in the season prior to the peak
season as well. Generally, this change is larger than that for the season
immediately following the peak. The ‘off season’ (usually winter) tends to have
the smallest increase. Taken together, the model results suggest that fire seasons
will start earlier and end slightly later, while being generally more intense
throughout their length. This effect is most pronounced by 2050, although it should
be apparent by 2020.

Consistency between projections and recent trends

Over the recent decade or so, upward trends suggestive of increasing fire danger
are seen in the median seasonal FFDI during the most active portion of the fire
season and, to a lesser degree, in the surrounding seasons. The annual cumulative
FFDI displays a rapid increase in the late-90s to early-00s at many locations (Figure
E2). Increases of 10-40% between 1980-2000 and 2001-2007 are evident at most
sites. The strongest rises are seen in the interior portions of NSW, and they are
associated with a jump in the number of very high and extreme fire danger days.
The strength of this recent jump at most locations equals or exceeds the changes



estimated to occur by 2050 in the different projections. Whether the recent jump
will be sustained or revert to lower values remains to be seen.
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Figure E2: Time series of annual accumulated FFDI at Cobar, NSW. Trend line is shown in red. The
last year, 2006-7, only extends to February.

To place these results in a broader context, data extending to 1942 are available
at eight stations, allowing examination of the longer-term behaviour. Trends at
these stations are generally weaker for both cumulative FFDI and the seasonal
medians, and not significant at many stations (particularly for cumulative FFDI).
This reflects natural long-term variability (around 20 years) in the records.

At these long-term sites, the season length is also examined by using an
objectively defined start and end date of the active fire season. Four of the last
five fire seasons have been among the longest on record, part of an upward swing
since the early-90s (Figure E3). There is also an apparent decadal variation, with
broad peaks in the 1940s, the late-70s/early-80s and in the 00s. Shorter fire
seasons were generally seen in the late-50s and 60s and in the late-80s. A general
upward trend is suggested, but is not statistically significant.
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Figure E£3: Estimated fire season length at Melbourne airport. The blue line is the 5-year running
mean. The red dashed line is the line of best fit.

What is the driver of these recent changes in fire danger? The hypothesis posited in
this study is that the naturally occurring peak in fire danger due to interdecadal
variability may have been exacerbated by climate change. The test of this
hypothesis comes over the next few years to decades. If correct, then it might be
expected that fire-weather conditions will return to levels something more along
the lines of those suggested in the 2020 scenarios. If fire danger conditions stay



this high, then the conclusion must be that the models used to make these
projections are too conservative. Whatever the case, continued observation, as
well as improved modelling are required to resolve this question.

What of the human impacts of these projected changes? The last few years,
particularly the 2006-07 fire season, may provide an indication for the future.
Early starts to the fire season suggest a smaller window for pre-season fuel-
reduction burns. Logically, more frequent and more intense fires suggest that more
resources will be required to maintain current levels of bushfire suppression.
Shorter intervals between fires, such as those which burned in eastern Victoria
during 2002-03 and 2006-07, may significantly alter ecosystems and threaten
biodiversity. It is hoped that planning authorities can use this information in the
development of adaptation strategies.



Introduction

Bushfires are an inevitable occurrence in Australia. With more than 800 endemic
species, Australian vegetation is dominated by fire-adapted eucalypts. Fire is most
common over the tropical savannas of the north, where some parts of the land
burn on an annual basis. However, the southeast, where the majority of the
population resides, is susceptible to large wildfires that threaten life and property.

A unique factor in these fires of the southeast is the climate of the region. The
southeast experiences a so-called Mediterranean climate, with hot, dry summers
and mild, wet winters. The winter and spring rains allow fuel growth, while the dry
summers allow fire danger to build. This normal risk is exacerbated by periodic
droughts that occur as a part of natural interannual climate variability.

The global climate is changing. The Intergovernmental Panel on Climate Change
[IPCC, 2007] concluded:

e The average temperature of the Earth’s surface has risen by about 0.7°C
since 1900

e The 11 warmest years on record since 1850 have occurred in the past 12
years

» Global average sea-level has risen 170 mm since 1900 (1.7 mm per year),
and has been rising at 3 mm per year since 1993

e The upper 3000 m of ocean has warmed, as has the lower atmosphere

* The incidence of extremely high temperatures has increased and that of
extremely low temperatures has decreased

e The water vapour content of the atmosphere has increased since at least
1980, consistent with theory that warmer air can hold more moisture

* Oceans have become more acidic due to higher concentrations of carbon
dioxide (CO,)

The IPCC [2007] also concluded that it is very likely that human-induced increases
in greenhouse gases have caused most of the observed increase in globally-
averaged temperatures since the mid-20th century. Discernible human influences
have also been found in continental-average temperatures, atmospheric
circulation patterns and some types of extreme weather events. Since 1950,
Australia has warmed by 0.85°C, rainfall has increased in the north-west but
decreased in the south and east, droughts have become hotter, the number of hot
days and warm nights has risen and the number of cool days and cold nights has
fallen [Nicholls 2006].

Climate change projections indicate that southeastern Australia is likely to become
hotter and drier in future [Suppiah et al 2007]. Hennessy et al [2005] examined the
potential impacts of climate change on fire-weather in southeast Australia. They
found that on a broad scale, the number of very high and extreme fire danger days
could increase by 4-25% by 2020 and 15-70% by 2050 across much of southeast
Australia as a result of projected changes in climate due to increases in
greenhouse gases. Tasmania was an exception, showing little increase.



This paper updates the findings of Hennessy et al [2005]. A wider range of
observations is analysed, with additional sites in New South Wales, South Australia
and southeast Queensland included. The baseline dates of the study, commencing
in 1973, are extended to include the 2006-7 fire season. The estimated effects of
climate change by 2020 and 2050 are recalculated using the updated global
warming projections from the IPCC [2007].

This study also differs from that of Hennessy et al [2005] in that different analysis
methods are utilised. In addition to the annual changes in fire danger estimated
before, changes to individual seasons and season lengths are explicitly examined.
There is also a focus on the changes to the upper extremes of fire danger. These
projected changes are compared with the current climate and recent trends.

This update represents a resource for ongoing engagement with fire management
agencies to plan for the impacts of climate change. However, the report is not
intended to provide management recommendations to agencies.

Quantifying Fire Danger
Fire Weather Risk Indices

In most Australian states, fire weather risk is quantified using one of two indices:
the Forest Fire Danger Index (FFDI) or the Grassland Fire Danger Index (GFDI) [Luke
and McArthur 1978]. McArthur defined these indices in the late-1960s to assist
foresters in relating the weather to the expected fire behaviour in the appropriate
fuel type. While the details of each calculation are different, the basic ingredients
are the same. Observations of temperature, relative humidity and wind speed are
combined with an estimate of the fuel state to predict the fire behaviour. For
forests, the fuel state is determined by the so-called ‘drought factor’ which
depends on the daily rainfall and the period of time elapsed since the last rain.
The drought factor is meant to encapsulate the effects of both slowly-varying long-
term rainfall deficits (or excesses) and short-term wetting of fine fuels from recent
rain [Finkele et al 2006]. For grassland, the fuel state is determined by the ‘curing
factor’ which is the dryness of grassland from visual estimates expressed as a
percentage.

Initially, these quantities were estimated using a mechanical nomogram in the
form of a set of cardboard wheels (see Luke and McArthur [1978], pp 113-118),
where the user ‘dialled in’ the observations to compute the fire danger index.
Such meters are still used operationally. Noble et al [1980] reverse-engineered the
meter for FFDI to derive equations suitable for use on electronic computers, i.e.

FEDI = 1.2753x exp(0.987logDF+ 0.03387" + 0.0234)" - 0.0345RH]

where DF is the drought factor, T the air temperature in Celsius, V the wind speed
in km/h and RH the relative humidity expressed in percent. The drought factor is
calculated using the Griffiths [1999] formulation and uses the Keetch-Byram
Drought Index (KBDI; Keetch and Byram [1968]) to estimate the soil moisture
deficit. The Mount Soil Dryness Index [Mount 1972] is a possible alternative to
KBDI, but studies suggest that it is not particularly well-suited to inland areas of
Australia [Finkele et al 2006]. In the calculation of the FFDI, no allowance is made



for varying fuel loads, or for varying slopes, although these are necessary if the
FFDI is to be used to estimate fire behaviour at small spatial scales.

Purton [1982] defined an equation for GFDI
GHDI = 10" (- 0.6615+ 1.270510g,, O - 0.004096(100- €)' + 0.012017'+ 0.2789) - 0.09577/RH )

where the variables are as above, Q is the fuel quantity in t/ha (generally assumed
to be 4.5 t/ha) and C is the curing factor. The curing factor is expressed as a
percentage, with a value of 100% representing fully cured grass, while 0%
represents moist, green grass. Given the difficulty of accessing robust grassland
curing statistics over the period of this study, we focus on the FFDI for the
remainder of this report.

Fire Danger Rating

To summarize the FFDI calculation, the Fire Danger Rating (FDR) system is often
used. This system is used by fire agencies to reflect the fire behaviour and the
difficulty of controlling a particular fire. Table 1 shows the five categories of the
FDR system and the expected fire behaviour for a standardised fuel (i.e. dry
sclerophyll forest with an available fuel load of 12 t/ha) on flat ground. The fuel
load in particular can have a large impact on the subsequent intensity of the fire
(Fig. 1), with ‘uncontrollable’ fire behaviour occurring at progressively lower
values of FFDI as the fuel load increases by even modest amounts.

In this report we will also examine two additional, unofficial FDR categories. We
call these ‘very extreme’ (with FFDI in excess of 75) and ‘catastrophic’ (with FFDI
in excess of 100). As this upper end of FFDI is poorly sampled (i.e. very rare) in
terms of fire behaviour, these additional criteria are more ‘numerical’ in nature,
and not based on many known fire behaviours or intensities. The ‘catastrophic’ fire
weather category refers to the potential for major damage, but the actual
occurrence of damage also depends on other factors such as fuel load, ignition,
community actions, exposed assets and fire management.
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Figure 1. Effect of Fuel Load on FFDI value for a fire with an intensity of 3500 kW m, the threshold
for ‘unconirolfable’ fires. Adapted from data provided in Incoll [1994].




Table 1. Categories of Fire Danger Rating (FDR). Taken from Vercoe [2003].

Fire Danger FFDI range Difficulty of suppression
Rating
Low 0-5 Fires easily suppressed with hand tools.
Moderate 5-12 Fire usually suppressed with hand tools and

easily suppressed with bulldozers. Generally
the upper limit for prescribed burning.

High 12-25 Fire generally controlled with bulldozers
working along the flanks to pinch the head
out under favourable conditions. Back burning
may fail due to spotting.

Yery High 25-50 Initial attack generally fails but may succeed
in some circumstances. Back burning will fail
due to spotting. Burning-out should be
avoided.

Extreme 50+ Fire suppression virtually impossible on any
part of the fire line due to the potential for
extreme and sudden changes in fire
behaviour. Any suppression actions such as
burning out will only increase fire behaviour
and the area burnt.







