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Summary

We submit that the extreme climatic conditions during 2002 and early 2003 were a major
factor in the severity of the recent Australian bushfires. These extrame canditions were due
to a drought associated with an El Nifio event, together with record high temperatures.
These extreme high temperatures very likely cannot be explained by natural climate
variability alone. They are part of a warming trend in the Australian region over the last 50
years associated with increasing greenhouse gases in the atmosphere. Hence, greenhouse
climate change is likely to have been a significant factor increasing the severity of the
bushfires. Urgent action needs to be taken to reduce greenhouse gas emissions inte the
atmosphere, as greenhouse climate change is expected to produce increasingly more
severe fire danger conditions in Australia.

Background

Qur submission focuses on one of the terms of reference:

(b) the causes and risk factors contributing to the impact and severity of the bushfires,

and the overall goal of the Committee “to identify measures that can be implemented by
governments, industry and the community to minimise the incidence of, and impact of
bushfires on fife, property and the environment.”

We submit that the extreme climate conditions during 2002 and early 2003 were one of the
major factors in the severity of the recent Australian bushfires. It is our view that, while the
bushfire emergency was largely the result of a range of natural and human factors, the
Committee needs to consider the impact that the extreme climatic conditions had on the

severity of the 2002 bushfire season.

The probability of extreme fire danger in Australia increases during droughts associated with
El Nifio events (Williams and Karoly, 1999). This is due to the higher temperatures, drier
conditions and reduced humidity at these times.

The reports of the Intergovernmental Panel on Climate Change {IPCC) are the colleciive
work of thousands of scientists charged with advising Governments and the World
Meteorological Organization about the science of climate change. The recent assessment of
climate change by the IPCC (2001) concluded that “global average surface femperatures
have increased over the 20" century by about 0.6°C* and “most of the observed warming
over the last 50 years is likely to have been due b the increase in greenhouse gas

concentrations™.

Estimates of confidence in observed and projected changes in extreme weather and
climate events (from IPCC 2001 Summary for Policymakers Table 1}

Confidence in observed Changes in phenomena Confidence in projected
changes (latter half of the changes (during the
20" century) 21* century)

Likely Higher maximum temperatures | Very likely

and more hot days over nearly
all land areas

Likely, in a few areas Increased summer continental | Likely, over most
drying and associated risk of continental interiors
drought
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As noted in the table above, the IPCC assessment reported that hotter, drier conditions are
likely during the 21% century, which would lead to increased risk of extrerna fire danger.
Recent related research (Willlams et al, 2001) has shown that Australia is likely to have
substantial increases in fire danger associated with greenhouse climate change, due to the
higher temperatures and reduced soil moisture.

The 2002/2003 fire season

Our research (Karoly et al., 2003a, 2003b) has feund that Australia, and the Murray-Darling
Basin in particuiar, had record low rainfall and record high maximum temperatures during
March-November 2002, The severe drought and record temperatures during 2002 caused
record evaporation rates and drying of vegetation in parts of Australia. We believe that it is
highly probable that this extreme dryness also affecied the ACT and created the tinderbox
conditions that made the fire season so severe.

It is important for the Committee to note that our research has found that the severity of the
2002 conditions was not simply a result of natural variations of climate. By looking at other
droughts as our baseline, we found that the severity of the 2002 drought was a result of
record high temperatures that added to the speed and extent of evaporation from the soil
and vegetation. These much higher than average temperatures are part of a warming trend
across Australia over the last 50 years. It is very likely that this warming trend cannot be
explained by natural variabilty alone. Instead, our research has found that these high
temperatures are consistent with a global warming trend that has been attributed to human-
induced emissions of greenhouse gases. We have shown that the warming in the Australian
region over the last 50 years is likely to be due to the increase in greenhouse gases. (Karoly,

2003).

The reduced rainfall in 2002/2003 was associated with an El Nifio event and natural climatic
variability in the Australian region. While higher temperatures are also associated with
droughts, the recard high temperatures in 2002 are much higher than for other drought years
and very likely cannot be explained by natural climate varability alone. These record high
temperatures can best be explained by greenhouse warming in the Australian region
superimposed on climate variations associated with El Nifio.

We submit that climatic conditions during bushfire seasons will continue to increase in
severity until global warming can be slowed. For this reason, it is crucial that the Committee
consider the relative importance of the climatic conditions on the emergency. It is also
important that the Committee consider that future strategies to ameliorate the impact of
bushfires may need to include actions to prevent the continuation of the causes of global
warming, such as reducing emissions of greenhouse gases.
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New research has found that hurman-induced global warming is a kay
reason why the Australian drought of 2002 has been so severe.

OVERVIEW

During 2002, Australia experienced its worst drought since reliable records began in 1910, The average Australian
rainfall for the 9 months March-November 2002 was the lowest ever during this period. The drought was

concentrated in eastern Austrulia with the Murray-Darling Basin, the nation’s agricultural hearttand, recciving its
Towest ever Muarch-Novemhber rainfail in 2002. :

This drought has had a more severe impact than any other drought since at feast 1950, becavse the temperaturcs in
2002 have also been significantly higher than in other drought years (sce Table | and 2}, The higher temperatures
cuused a marked increasc in evaporation rates, which sped up the loss of soil moisturc and the drying of vegetation
and watercourses. This is the first drought in Australia where the impact of human-induced global warming can be

clearly obscrved.

CLIMATE CHANGE




GLOBAL WARMING LONTRIBUTES “”O
AUSTRALIAS WORST DROUGHT

THE 2002 DF%OUGHT HGHER TEMPERATUHES
THAN ANY PREVIOUS DROUGHT

'Austra!za experienced. its lowest March-November® rainfall for more than

- 50 years in 2002, less than 50% of normal, as much of the country was -
_ gnpped by severe drought (see Figure 1). :

The drought was associated with Fl Nifia, the irmegular warming of the equatorial Pacific Ocedrl that oeours
about once every three to seven years. Maost major Australian droughts over the last 100 years arg: associated
with Bl Nifio (Nicholls 1983, 1983).

_ In 2002, Australia also recorded its highest-ever average annual daytime maximum temperatures following'a
- warming trend that has intensified over the past two decades. The temperature across Australia was 1.6°C higher
: tha;]_ the long-term average and 0.8°C higher than the previous record. S

While higher tcmperatures are expected during El Nifio triggered droughts (Jones nd Trewm 2000), the 2002
“drou ght temperatl.ucs are extraordinary when comparcd $o the five major d.mughb since 1950, with ave:‘age
maxlmum tempcraturcs more than 1.0°C higher than these ollier droughts (see Table 1.

CLH\/_IATE CHANGE .

Flgure 1-;_
Profile of the
2002 drought

Average rainfa¥ anomalies in
March-Novembier 2002 .
shown as decifes. Decle 7 - -
{red! indicates rainfall _
amounts that ara very much,” .
below average and have
occurred i less fhanone -
yearin ten. From e -

Bursay of Metsorology )
Table 1 - o
The 2002 drought compared to other droughts since. 195{)
Year H'um‘dl { N monthy Maxzmum t-ﬂmperatu“a, anomdly ("(_:
2002 14.1 1.65°C higher than average:
1994. 16.5 0.65°C higher than average
1982 224 0.12°C higher than average
1965 25.0 0.24°C higher than average
1957 21.8 0.50°C higher than average

Average conditions over Australiz for the 9 manihs March-Novamber of major droughit years since 1950, Shown are fhe average
monifily rainfail and the avaraga gaily maximum terperature anomalies (relative lo the 1961-1990 Jong-term average of 28.7 mrm/month
and 26.6°C). Dafa from the Gureau of Metearciogy.

LA Murch-November m&vﬁn‘!h&s breer wsed, rather than the calendur vear, us drnihts are wien more intease o his period, whert there is o striger infhence from EI Niflo.



" tuke water [rom rivers and reservoirs. The higher maximum temperatares and drier conditions have ulso created

GLORAL WARMING CONTRIBUTES TO
AUSTRALIA'S WORST DROUGHT

‘CLIMATE CHANGE

TICHER TEMPERATURES IN THE MURRAY DARLING -
 INTENSIFY THE DROUGHT'S IMPACT
. The Murray-Darfing Basin was at the centre of the Australian drought in 2002.

i ‘The basin reccived its lowest ever March-November rainfall in 2002, only 45% af hormal rinfall. This key
% apricultural region makes up one-seventh of the total arca of Australia and 75% of NSW. The Basin, that produces
. 40% of Australia’s agriculturat product, covers owns north to Toowoomba, weist to Broken Hill and south te - "
.. VYictoria and South Australia. o S

During 2002, the Murray-Darling Basin experienced average maxinim ermperatures more than 1.2°C higher than _.
in any previous drought since 1950 (Tabte 2). The higher temporutures led to yreater evaporation of water, exucer- .
bhating the drought. Higher evaporation ratcs make it difficult to sow crops, place existing crops under stress, and

sreuter bushfire danger than in previous droughts (Williams, Karoly, and Tapper 2001).

Table 2: o L
The 2002 drought in the Murray-Darling Basin compared with other draughts -

Year _-' Féainfall_ {rnrn/n‘éoﬂth): o Madmum, teglw_gez'atz_lrf_:___gnomaly {f-‘C)

1694 218 0.48°C higher tﬁan. average
_ 1982 212 .  Q.87°C higher than avar'agé

1965 25_.2. ' _ 0.83°C higher than average ]
1957 225 \ ;_ 0.88°C higher than aﬁeréée

e Avér&gs condifions /n the Murray Déd;‘ng Basin forthe % months Maréh—Noi.}m-:bar of major drought years sinca 1950, Shown are the
" average monthiy rainfall and the avaraga oally Maximum temperature anamalies {refative to the 1961-1990 lang-ferm average).

Data #rom the: Bureau of Metcorotogy
Figure. 2: - - :
Drought severity in the Murray Darling is increasing with global warmng

The fitne series in Figure 2 shows thut each drought is associated with Higher maximurn temperamres, but 2002 was
extraordinary becausc of the record high {emperatures. :

Murray Darting Basin
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Interannua variations of March-Novemiber avérage manthly rainfall {solid biue fing) and average dally maxmum temperaturs (dashed red ling) for
the Murray-Darfing Basin, Small amows indicate the 5 rigjor diougit years, 1057, 1965, 1982, 1994, and 2002, since 1950,



GLOBAL WARMING CONTRIBUTES TO -
AUSTRALIAS WORST DROUCHT

WY HUMAN-INDUCED GLOBAL WARMING
INCREASED THE SEVERTY OF THE 2002 DROUGHT-.

The drought in 2002 was-due to natural climate variations associated with
'El Nific: However, the higher temperaiures this year are not attributable to-
the natural variations of Australian climate alone. :

The higher femperatures in this ycar's drought arc part of the overall warming trend in Avstralian temperhféms over the
Jast 50 years (Figure 3). Australiun average surface temperaire increased by more than 0.7°C hetween 1930 and 2001.

1 1n 2001, the intergovernmental Panef on Climate Change cencluded “most of the observed (globat) warming over
“the last 30 years is likely o have been due i the increase in greenhouse gas concentrations” (IPCC 2001). The
warming trend over the Jast 50 years in Australia also cannot be explained by natural cliriate variability and most of

' this waitning is likely due to the increasc in greenhouse gascs in the attnosphere (Figure 4, Karoly 2001). This

i figure é:hi_)wrs that the actual trend in Australian temperatures since 1950 is now mak:_hing: the climate models of how
temperatiités respond (o increased greenhouse gases in the atmosphere. These greer_!ljlquéc;" £as increascs ogiurring
today swe due to human activity; bumning fossil fuels for eleciricity and trnsport, and land clearing.

Figure 3. -
Warming trend in.
Australia '

Trends in average daily
maximum temperaturs over
Australia over e period -
1850-2001. :

CLIMATE CHANGE

Patard i Adarvirrymts Fmprsrs ’

Figure 4. | ' B
Australian temperatures are now matching the global warming models

Tassparaturs EFronie over 1250-98
Ll

mEx ' L
! pLUNRUE  DECAMMEY  SHWCIIEE OO |

Observed trends in Austraffan average daily maximum {maa), minimum {miny, and mean temperatures aver the periad 1950-1998
cormparsd with simulated frends from three different atobal climate models forced by ohserved increases in graenfiouse gases and

 gerosois. The thrme climale models have boen develop by GSIRO Australia, the Max Fianck fnstitute for Meteorology in Germany, and
the Hadlley Centre in tha UK, The ermar bar on sach of the simulated warming trends is the uncerfainty f90% confidence interval) ine the
ai)-yaar trend assacisted with intemat climate variability sinndated by that model [Karoly 2007},
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GLOBAL WARMING INCREASES E\/APORATIOI\I RATES
- AND DRYING OF VEGETATION

A one-degree average temperature increase may appear to be a relatwely
small increase but it can have a major impact on the severity of drought.

" Higher temperatures lead to higher evaporation of water from the soil, plants, lakes, and rivers. This places stress on water
supplu.b d'l'l{l has a detrimental impact on agricultural productivity and vegetation thlth_

" Urider non‘nal conditions evaporation ratcs in Australia are high, wnh almost 90 per cent of the precipitation that fallson & -

" the Auat[a]l.in continent retumed through cvapotranspiration o the atmosphere, As u result of the higher maximum '

temperaues, the: evaporaﬂon eates in the Murray-Darding Basin in 2002 were significantly higher. Evaporation at
Griffith, in the centre of the Mirtay-Darling Basin, in March-Novernber 2002 was the highest on record and 10% thht:r

: .Lh.an in other droughrs, associated with the recurd high temperatures {Table 3, Figure 3). :

CLIMATE CHAN GE

g?garanén at Grzﬁith in 2002 cempareﬁ with other droughts
‘r’ear ” Potantia! ev:apora mn f *ﬂm ﬂos}t"l] R*m.a l frrrr1 monlh). o
) 2002 152 B 133
_"_1994__ 136 180 -
1982 20 . 128
1965 ) 1315 L - 381

Averags potential evaporation and rainfafl at Gnrfcm in the Murray-Danling Basin for the B months March Novernber of major droughf
yesrs since 1960, Potential evsporation fs the evaporation sxpectsd from an open water surfsce, such a5 a reservoirn
- Diata from CSIR0 Land amd Water, Gnl‘frtb ava.rlabje from 1960 onry .

| '--Flgurc 5.
Track:ng evapomnon in the Murray- Darhnq Basin

Griffith Precipitation and Patontial evaporation
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AUSTRALIAS WORST DROUGHT

T CLOBAL WARMING INCREASES E\/AP.F%ATI@N F%ATES
AND DRYING OF VEGETATION

The higher temperaturcs have also’ p]aced Auatmhan vegetation inder severe stress, as cap(ured by satcllnc ddlﬂ e
pracessed in the USA (ﬁgurc 6 ’

quure B. \z‘eqetat;on %tress in December 2002 compared with 2001

CLIMATE CHAI\IGE

. Vegetation .&éaf!h (cmdfﬁdn} due to water avaifability and termperatures, based on sateffite data.
Drought regions with legetation under stress ane shown in red, (Rogan, 19597) Obiaimed from
. NOAA, LISA from Pftp:tlorbitasinesdis. noaa.govicradisatisurfiveifaus.frimi
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THE EEBNGVIC WPAGT
_ OF THE DROUCHT

. Lowe:rm)p pfoduc'liun due ta the current drought will lead
to lower export earnings for wheat, barley, cotton and

-~ canola in 2002 - 03 according to a recent forecast from the
* .. Australisn Bureau of Agricvltural Resource Economics. -

(ABARE) Production of Australia's four major winter
- crom wheat. barley, canola and Iupins - is sct to full by
- 14 8 rm]hon tOtll’IC.‘a 2003,

Substantial mdumm of irrigation water is also likely to
result in major cuts in areas sown to imigated summer crops
such as rice and cotion in 2002-03.. ABARE's Anstralian

. Crop. Report estimates the arca sown 10.cotton will be down
45 per cent from last season, while the vice areafaces a
'slump ofa]mo.st'?(}perccm .

.ABAREhmfmmﬂ:hcaneamtosummmpswﬂl

I drop by 41 per cent in 2002-03, with grain mﬂduotlontore&m-._

1o be down 59 per cent - this would ke it Australin's
* smallcst summer crop since the drought of 1582-83,

Australia’s export earnings from crops are forecast to be
down 19 per cent to $12.9 billion, ABARE has also
forecast a drop of 3.7 per cent in the averall valse of
Australia’s commodity exports due to the impact of the
drought on agricultural performince.: '

- The gross value of fanm production js."foméhbl 1o fall by

21 per cent to $304 billion I 200203 with eiming from -

will feduice the rate of economic growth in Australix dunng
2002-03 by 0.75 per cent, rcduc:mgltto 3.1pereent

- (200H) has projected increases in Austrabian emper-

~(IPCC, 2001).

_,fmmexpo.rtscxpectedtodmphy 13 per'cent. The drought

FUTURE DROUGHTS
AND IMPLICATIONS FOR
GOVERNMENTS

Global warming is a reality that is with us today. We
can expect that the impect of drought in Australia will
get worse as global wanning accelerates. CSIRO

atures of between 1°C and 6°C by 2070, much greater
than the increases over the last 50 years, These
temperature increases would lead to cven greater
evaporation and water stress during future droughts,
much worse than in 2002, CSIRO (2001} has
projected up to a 43% decrease in stream flow inthe
Murray-Darling Basin by 2070. Climate models have
prujected a marked increasg in the frequency of
extreme droughts under globat warming conditions

CLIMATE CHANGE . ___-

It is possible to slow global warming, keep
temperture increases o the lower end of the scale
and therefore reduce the sevenity of foture droughs.
Coordinated international action by governments is
required to address the impacts of global warming.
The Kyoto Protocol is the first international
agreement with targets for reducing greenhoosc gus
cmissions. It is the first step in slowing global
warming. However, the Australian govemment has
decided not to ratify the Kyoto Protocol. Mr Howard,
the Australian Prime Minister, said in Parhament

“Jt is not in Austrodia s interest 1o ratify the Kyoto
Proiocol” (Hansard, 5 June 2002). Any delay in
greenhouse gas emission reductions will increase the
tikelihood of Jroeght having WorsCIung environ-
mental and econoric impacts, which is also not 1n
Australia’s intcrest.
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THE SENSITIVITY OF AUSTRALIAN FIRE DANGER TO CLIMATE
CHANGE

ALLYSON A.J. WILLIAMS “*, DAVID f. KAROLY 2 and NIGEL TAPPER !

! Department of Geography and Environmental Science, Monash University, Clayton, Vicivria,
Australia 3168
2CRC Southern Hemisphere Meteorolagy, Monash University, Clayton, ¥ictoria, Australia 3168

Abstract. Global climate change, such as that due to the proposed enhanced greenhouse effect, is
likely to have a significant effect on biosphere-atrnosphere inteructions, inclnding bushfire regimes.
This study quantifics the possible impact of climate change on fire regimes by estimating changes
in fire weather and the McArthur Forest Fire Danger Index (FDI), an index that is used throughout
Australia to cstimate fire danger. The CSIRO 9-level gencral circulation model {CSIRO9 GCM} is
used to simutate daily and seasonal fire danger for the present Australian climate and for a doubled-
CO, climate. The impact assessment includes validation of the GCMs daily control stimutation and
the derivation of ‘correctien factors’ which improve the accuracy of the fire danger simulation. In
summary, the general impact of doubled-CO; is ta increase fire danger at all sites by increasing the
number of days of very high and extreme fire danger. Scasonal fire danger responds most to the large
CO4-induced changes in maximum temperature.

1. Introduction

This assessment of potential changes in the Australian fire-climate system due to
a doubling of the concentration of atrospheric CO; includes validation of the
control simulation, simulation of potential climate change, quantitative analtysis
of impacts on the fire-climate system, and comparison with the impact of existing
climate varigbility on the system. Previous climate change impact studics suggest
increases in fire danger over much of Australia (Beer and Williams, 1995), but
there has been little quantification of impacts, particularly with respect to historical
 variability, Other assessments of the impact of climate change on fires are often
merely inferences derived from the suggested increase in cccurrcnce of drought
due to global warming. The inference is that increased drought will also cause an
increase in firc accurrence, but GCM impact studies and empirical fire histories
suggest that this is not always the case (c.g., Bergeron and Flannigan, 1995; Takle
et al., 1994). The large spatial variability of climate change and of fire cnvironment
types precludes any such generalisations of an overall increase in fire with global

warming.

* Current address: Queensland Centre for Climate Applications, Department of Primary Indus-
tries, Toowoomba, Queensland, Australia 4350.

Climatic Change 49: 171-191, 2001,
© 2001 Kluwer Academic Publishers. Frinted in the Netherlands.
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The sensitivity of fire and fire danger to global warming has been assessed
for other regions, mainly in the Northern Hemisphere. Potential impacts include
increases in the area of extreme fire danger in Russia and Canada (Stocks et al.,
1998: Fosberg et al., 1996) and general increases in fire danger (Flannigan and Van
Wagner, 1991). Changes in lightning frequency across the Northern Hemisphere
are also significant {Price and Rind, 1994).

Kirschbaum and Fischlin {1996) and Allen-Diaz {1996) comment in the Inter-
governmenta} Panel on Climate Change Scientific Assessment of Climate Change
(IPCC, 1996) that in Australian ecosystems changes in fire frequencies are likely to
have major impacts on the composition, age-distribution and biomass of forests and
rangelands, However, there are no quantitative details of these expected changes
in fire frequency, and analysis does not extend past inferences of potential future
fire behaviour in 2 x CQ, conditions based on fire-system behaviour during past
episodes of drought. There is also a supposition that because of effective control
measures, large-scale fires will be rare in the temperate zone and will be limited to
drier regions of Australia (Kirschbaum and Fischlin, 1996). This is a contentious
argument (a similar argument about the effectiveness of control measures is presen-
ted by Trabaud et al. (1993) given that in the past, extreme fires have coincided with
extreme weather conditions and large conflagrations have occurred during the last
40 years in temperate, managed forest regions such as in Tasmania, Victoria, and
NSW.

The following discussion presents the data and models psed for the study,
a validation of the climate model, the doubled-CO, fire danger scenarios and
their context with respect to historical cxtremes, and a discussion followed by
conclusions.

2. Data and Madels

2.1. FIRE MODEL

A fire regime can be defined by fire intensity, fire frequency, and the season of
burn. Thete are various indices, used mainly for predictive purposes, that repres-
ent these fire regime components. In south-eastermn Australia, the McArthur Forest
Fire Danger Index Mark 3 (FDI, McArthur, 1967) is a fire weather based index
commonly used to represent the daily fire danger. The FDI was derived from ap-
proximately 400 experimental forest fires, conducted in a variety of fuels in low
to medium quality dry sclerophyll forests with a fuel loading of 12 t/ha, in south-
eastern Australia. Fire danger is indicative of the chances of a fire starting, its rate
of spread, intensity and difficulty of suppression. As well as its regionally-specific
applications (which is the use for which it was intended), the FDI is also a valid
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indicator of forest fire danger over the entire continent used for comparison of
intra-seasonal and inter-annual fire danger variability. The FDI is defined as:

FDI = 1.275D%%7 & [exp(0.03387 — 0.0345H)] # [exp(0.0234V)],

where T = air temperature °C, V = wind speed kawv/hr in the open at 10 m height,
H = relative humidity %,

D is a drought factor = [0.191(7 + 104)(~ + D*1/[3.52(N + D'? + R — D],

where I = Keetch Byram Drought Index (Keetch and Byram, 1968), R =
precipitation, N = days since rain. (Equations from Noble et al. (1980)).

On a seasonal scale the FDI is most sensitive to seasonal relative humidity,
except at the two northern sites (see Figure 1) where wind speed is more influential
on FDI intcrannual variability.

Although fire regime characteristics are highly coupled with weather and cli-
mate, the relationships are often complex. Variations in fuels also influence the
properties of a fire regime such as fire frequency and fire intensity. However, under
extreme conditions, the influence of the variation of fuels or structure within a
vegetation community (mainly on fire frequency rather than intensity) may fre-
quently be overridden by large-scale topographic featurcs and weather pattems
(examples from ecosystems outside Australia include Bessie and Johnscn (1995)
and Swetnam {1993)).

2.2. CLIMATE MODEL

The CSIRO 9-level general circulation model (CSIROY, Watterson et al., 1995)
is a global atmosphere, slab-ocean climate model. It simulates two scenarios that
are used to assess the impact of doubling atmospheric CO; on fire danger: a 30-
year 1 x €O, simulation and a 30-year doubled atmospheric CO; simulation. The
1 x CO, simulation is the radiation forcing for a CO, concentration of 330 ppm
{around the year 1975) without other trace gas or aerosol effects (Watterson et al.,
1995). Continental climate projcctions have already been developed for Ausiralia
for annual and seasonal time frames (for example, Whetton et al., 1996}, but a
study of the fire-climate systcm requires more specific analysis than has been done
previously. CSIRO9 has 43 grid points covering the Australian landmass with grid-
box dimensions of 400 km by 650 km. At each grid point, the model simmulation
of the daily data required for the four FDI input parameters and the FDI itself are
analysed. The daily data are mean reflative humidity, mean wind speed, maximum
temperature, and precipitation. The mean relative humidity and mean wind speed
variables are slightly different from the observed variables of minimum relative hu-
midity and maximum wind speed mentioned in Section 2.3. Section 2.4 addresses
these differences as well as the quality of the GCM’s simulation of maximum
temperature and precipitation.
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Figure J. The location of CSIROY grid points (x), the grid points selceted for model validation {in
bold), und the metzarological observing stations used in the stady {=). The boundary between the
northern and southern fire season zone is marked, as are the five biogeographical regions represented
by the selected grid points and observing stations. The primary vegetation type of the five regions is

also shown.

2.3. METHOD

Figure 1 shows the distribution of grid points and the division of the continent and
the grid points into two primary fire season zones: the northern zone (fire scason
from July to November) and the southern zone {fire season from November to
March). The sum of the daily FDI for the entire fire season is called the seasonal
cumulative FDI (seasonal TFDI). For the two firc season zones, the spatial distri-
bution of seasonal £FDI and fire weather from CSIRO9 control simulations are



