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Summary

A range of research prioritiesarising from the 2002—2003 bushfire
season in south-eastern Australia are presented. Research
imperatives relate to questions about the ignition of fires, the
spread of firesin landscapes, theimpact on ecosystems, and about
managing bushfirerisk in achanging world. Research leading to
improved understanding of spatial patterns of lightning-fire
ignitions will lead to increased efficiency and effectiveness of
prescribed burning programs. Similarly, analysis of initial fire-
attack success under severe drought conditions may result in
improved management of fire ignitions. Models of fire spread
that are effectivein the domain of severefireweather arelacking
and research into improving fire models is suggested. There is
also a need for analysis and simulation of the effectiveness of
programs of prescribed burning in reducing bushfirerisk at the
landscape scale. Related to this is the need for resolving long-
lasting and contentious debates about the nature of fire regimes
in south-eastern Australia prior to modification by Europeans.
Given their geographical extent, the 2002—2003 fires provide a
rare opportunity for well-replicated and rigorous evaluation of
fireecology theory developed over thelast 25y. Research on the
impact on water supplies is aso a priority. The world is also
changing. The recent fires have enhanced speculation about the
possibleimpacts of climate change, one aspect of global change,
on fire regimes. The ultimate aim of applied fire research must
be toward an optimal solution to the sustai nable management of
bushfirerisk.
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management; fire ecology; fire behaviour; fire control; Australia

I ntroduction

Fire fighters, land managers, members of the community and
scientists who observed events during the 2002—-2003 bushfire
season in south-eastern Australiagenerated aplethoraof research
questions about what unfolded before them. The nature of those
questionswould vary depending on theinterests and discipline of
the observer, and the location and particular nature of the events
they witnessed. Questions also arose from the numerousinquiries
held into the conflagrations of that summer.

Thetopicsexploredin thiscontribution range from questions about
the effectiveness of prescribed burning and initial fire-attack

success, to those related to the ecological impacts of the recent
firesand past fire management (including during the pre-European
era), and to questions about the role of climate change and the
management of bushfirerisk in achanging world. A broader list
of research questions is presented in Cary et al. (2003) (the
proceedings of anational bushfireforum held coincidentally less
than a month after the peak of the major firesin 2003), and in
Bradstock et al. (2002), a collection of papers on fire regimes
and biodiversity of Australia.

Some of the research proposed here is aready being undertaken
within the Bushfire Cooperative Research Centre, some by
scientists not involved with the CRC, and some is not being
addressed at al. It is not the intention of this paper to review
research recommendations from the numerous inquiriesinto the
2002-2003 fires, especially given that several inquiries are not
complete, or have not released findings, at the time of writing.
Rather, the aim isto promote discussion about bushfire research
relevant to the readership of thisjournal and encourage scientists
and studentsto engagewith theseissuesin arigorousand objective
manner.

Questions about fire ignitions
Spatial pattern of lightning ignition

Most fires ignited around 8 January 2003 in south-eastern
Australia resulted from dry-lightning storms. Land managers
wishing to optimise programs of prescribed burning to assist fire
suppression are interested in knowing where lightning ignitions
are more likely to occur. Effective and efficient programs of
prescribed burning can be guided by knowledge of areaswith the
highest likelihood of lightning ignition.

McRae (1992) has presented amodel of areas proneto lightning
ignition. The model invokes de-trending techniques to remove
large-scale trends in elevation (known as the macro-scale
elevation) to produce a meso-scale elevation residual (MSER)
surface. This surfaceis defined as the actual elevation of a point
minus its macro-scale elevation so that terrain features such as
hills and ridges that rise above the surrounding landscape, at a
particular scale, have apositive value of M SER and features such
asvalleysthat are below the surrounding landscape have negative
vaues. McRae (1992) found that lightning ignitions between 1971
and 1989 in the Australian Capital Territory (ACT) (Fig. 1) were
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Figure 1. Location of ignition records that were reliably identified as
lightning-caused, ACT, 1971-1989 (reproduced from McRae 1992)
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Figure 2. Proportion of expected and observed lightning ignited firesin
100 m distance classes from the zero meso-scale elevation residual
contour, ACT, 1971-1989 (data from McRae 1992)
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Figure 3. Proportion of expected and observed lightning ignited firesin
50 m classes of meso-scale elevation residual, ACT, 1971-1989 (data
from Cary 1998)
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morelikely to occur nearer to the zero M SER contour, defined as
thelinejoining pointsin the landscape that had zero M SER, than
would be expected by chance (Fig. 2). Using the same data set,
Cary (1998) presented an alternative interpretation, that is
lightning-ignition location was unrelated to distance from the zero
MSER contour but better explained by the MSER of a site itself

(Fig. 3).

Thelarge number of lightning-ignited fires during the 2002—2003
season provides an opportunity to further investigate spatial
patterns of lightning fires at the commencement of a major fire
event. Further, technology not available to McRae (1992), and
capable of locating cloud-to-ground lightning strike location,
irrespective of whether it resultsin ignition, now exists. Models
of spatial patterns of lighting strike or fire occurrence can be
developed using either data source by invoking the methods
described by McRae (1992) and Cary (1998). Information on parts
of thelandscapewith ahigh propensity for lightning ignition may
assist managersin determining the optimal patterns of prescribed
burning for the maximum reduction of bushfire risk, given that
the overall fuel array isimportant for managing fire ignitions.

Initial fire-attack success

Successful initial fire-attack prevents a fire ignition from
developing into a larger fire requiring a different approach to
suppression, and thereforeis discussed in this section on questions
about fireignition. Thelikelihood of successful initial attack ona
fireisaprobabilistic variable even though the actual outcome of
initial fire-attack isbinary (successor failure). Given aparticular
set of fuel, weather and terrain circumstances, some fireswill be
successfully suppressedin theinitial phasewhileotherswill grow
beyond the initial-attack size: hence the probabilistic nature of
theprocess. Inamajor advancement in our understanding of initial
fire-attack success, M cCarthy and Tol hurst (1998) studied factors
contributing to initial-attack success for 2038 fires that occurred
infire protected areasin Victoriafrom the 1991-1992 to the 1994—
1995 seasons. The 2002—2003 season presents an opportunity to
ask how the probability of initial attack success is affected by
severe drought, a situation outside the domain of the existing
model.

McCarthy and Tolhurst (1998) found that the two variables with
greatest explanatory power with respect toinitial-attack outcome
were the Fire Danger Index (McArthur 1973) and Overall Fuel
Hazard, an index describing the levels of surface fine fuel, near-
surface fine fuel, elevated fuel and bark fuel (McCarthy et al.
1998) (Fig. 4). It is likely that the curves representing the
probability of initial-attack success would shift to the left given
severe drought conditions because of the almost complete
availability of fuel, the propensity for sustained glowing
combustion, and a greater likelihood of failure of control lines.

The2002—2003 fire season may provide an invaluabl e opportunity
torefit McCarthy and Tolhurst’s (1998) model for severe drought
conditions. The extent that this can be achieved will depend on
constraintson dataavailability, particularly for fuel data. However,
the overriding importance of initial fire-attack success in
determining overall bushfire risk warrants further research.
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Figure 4. Probability of initial-attack success for Victorian forests according to the
Forest Fire Danger Index and Overall Fuel Hazard (Source: McCarthy and Tolhurst

1998, reproduced with permission of the authors)

Questions about spread of firein landscapes
Rate of fire spread

As with any series of major fire events, questions about the
adequacy of models of fire spread were raised during and after
the 20022003 fire season. It is generally accepted that the fire
behaviour table on the reverse of the Forest Fire Danger Index
(McArthur 1973) under-estimates rates of spread at high wind
speed. Thishasbeen confirmed by research on the behaviour and
spread of high-intensity bushfires in dry eucalypt forests (i.e.
Project Vesta, pers. comm. Jim Gould, CSIRO 2004).

The uncertainty surrounding predictionsfrom model s of fire spread
is a major constraint to effective planning during fire events,
general fire management, and simulation modelling of fire events
and regimes. The performance of existing models of fire spread
(e.9. McArthur 1973; Cheney et al. 1998) and others yet to be
published (e.g. CSIRO Project Vesta) must be continually subject
to rigorous eval uation against records of observed fire behaviour
to determine what level of error may be expected in predicted
spread rates, especially under extreme conditions.

The behaviour of the 2002-2003 fire events, particularly those
that occurred in the ACT region, have been the subject of
unprecedented investigation, largely in response to the numerous
inquires resulting from them. These inquiries provide avaluable
opportunity to compare observed and predicted rates of fire spread
across a range of meteorological and topographic conditions. It
will be argued by some that it is impossible to determine fuel,
meteorological and slope inputs with sufficient accuracy for a
fair model test. Nevertheless, slope estimates are available from
high-resolution digital elevation models. Some information on
meteorological conditions is available from on-ground
measurements, measurements at fire towers and from automatic
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and standard weather stations. Fuel loads can be
estimated from fuel accumulation curves (Walker
1981; Raison et al. 1983; Hutson and Veitch 1985;
Raison et al. 1986) and time since the previous
25 fire. Estimates of other fuel array characteristics
required by newer models may be difficult to
obtain, but might be reasonably estimated by

1 Low

2 Moderate

3 High practitioners with sufficient knowledge of
particular localities.

35 Testing of fire spread models should be repre-

' sented in the form of agraph of predicted rate of

spread (vertical axis) versus observed rate of

4 Very high spread (horizontal axis) so that the extent of

margins of error in predicted rates of spread are
apparent. Gill (2001) and Wasson (2003) argue
that predictions of spread should be presented in
theform of probabilities of different spread rates,
although none of the models currently used in
Australia produce this. The analysis should not
be limited to observations from the 2002—2003
firesbut should include observationsfrom awide
range of fire events, particularly those characterised by rates of
spread beyond contemplation for experimental research. In the
absence of the research outlined here, confidence in predictions
of firespread under very high and extreme fire danger conditions
will remain low, and thiswill significantly limit the useful ness of
the models for the purposes outlined above.

There should be no a priori expectation that empirical models
developed for relatively benign weather conditions will perform
successfully under conditions of very high or extremefire danger.
A new empirical model, designed specifically for these conditions,
may outperform existing modelsirrespective of poor estimates of
independent variables (terrain, fuel, meteorological conditions).
The 2002-2003 fire season provides an opportunity to address
this.

Effectiveness of prescribed burning

Questions about the effectiveness of prescribed burning (as a
bushfire risk reduction strategy) are inevitable after major fire
events and the inquiries resulting from them (e.g. Esplin et al.
2003a). Some individuals and groups advocate significant
increases in burning programs while others argue that fuel
reduction has little or no impact on the extent of conflagration-
scalefires.

Reducing the fuel load at apoint will generally result in reduced
rate of spread (McArthur 1967) and intensity (Byram 1959) of a
fireat that point, all other factorsbeing equal. Thismay facilitate
enhanced suppression effectiveness at that point in the event of
direct fireattack, and near that point in the event of indirect attack.
Nevertheless, managers are generally, but not solely, concerned
about ecosystem and built assets el sewherein the landscape (e.g.
houses at and near the rural/urban interface, plantations,
populations of threatened flora and fauna, etc.). Therefore, a
relevant question is what effect fuel reduction by prescribed
burning at one point in the landscape has on the likelihood of
unplanned fire at other critical locations.
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Figure 5. Hypothetical relationships between annual amount of
prescribed fuel-reduction burning in alandscape and the probability of
unplanned fire (at a point) of sufficient intensity to threaten residential
structures at an urban interface of the landscape. Note that these
relationships are hypothetical and do not represent results from real
landscapes. (Source: Cary and Bradstock 2003).

Cary and Bradstock (2003) defined the problem as a set of two
axes, the horizontal axisdefining the extent of prescribed burning
in a landscape and the vertical axis defining the probability of
unplanned fire of sufficient intensity to threaten assets within or
adjacent to thelandscape (Fig. 5). The extent of prescribed burning
inalandscapeisasimplistic measure of this management activity
and more complex measuresthat include particul ar strategies and
patterns can be derived. Nevertheless, they argue that:

to have an effective debate about theimportance of prescribed

burning on the probability of unplanned high intensity fire,

the actual relationship between the two axes ... must berig-

oroudly determined. In the absence of this fundamental in-

formation, managers and experts can only speculate on criti-

cal levels of fuel-reduction burning required to meet particu-

lar management objectives. Research to address this prob-

lem, determine the general nature of thisrelationship and test

its relevance in real landscapes is required.

This research can be addressed by experimentation, scientific
surveys of fire regimes in managed systems, and/or simulation.
Experiments are likely to be of limited usefulness in this case
because the minimum design would most likely be intractable
fromfinancial, temporal and operational perspectives, and would
yield insight only into effects of prescribed fire in one landscape
type (e.g. with aparticular topographic complexity). On the other
hand, acombination of surveysof managed systemsand simulation
models of fire regimes in landscapes (Gardner et al. 1996; Li
2000; Keane et al. 2002; McCarthy and Cary 2002), provided
they are rigorously validated, provides the most promise in
addressing thisfundamental research question.

Prescribed burning remains the most contentious aspect of fire
management, both domestically and internationally (Keeley and
Fotheringham 2001; Minnich 2001; Fernandes and Botelho 2003).
It will remain so until evidencein theform of theanalysisoutlined
above is collected and validated by a range of researchers and
managers. The 2002—-2003 bushfire season, and the debate
surrounding it, has reinforced this conclusion with great effect.
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Nature of Aboriginal fireregimes

Questions about the nature of pre-European fire regimes are
inevitably raised in association with major fire events. These are
of historical interest, and are related to— and can be as contentious
as— debates over prescribed burning for fuel reduction. A range
of commentators have argued that adopting aregime of frequent,
low-intensity fire, which apparently mimics that resulting from
Aboriginal practices in pre-European, south-eastern Australia,
wouldlimit the extent of high-intensity bushfires, although others
arguethat any attempt to introduce aboriginal burning regimesin
south-eastern Australia would be an experiment in land
management (Esplin et al. 2003Db).

Thefundamental research question — what werethefireregimes
of the past? — with respect to the nature of pre-European fire
regimesremainsunanswered. Banks(1989), in discussing ahistory
of forest firesin the Australian Alps, stated that
it is possible to recognise three inter-connected and overlap-
ping, but separate phases based on sources of information.
They are afolklore phase which accumulates oral accounts
of important fires, fire frequencies and fire use; a historical
phase which is the repository of the written record of actual
fire events and a dendrochronological phase which provides
detailed records of firesin forest stands drawn from treefire
scars and related sources.

Banks' (1982, 1989) dendrochronological study provides data
on the frequency of scarring in the snow gum forests of the
Brindabella Range, ACT, between 1746 and 1975. His data
indicatealow frequency of fire-scarring prior to European contact
compared with arelatively higher incidence after the mid-1840s
(Fig. 6). A simple explanation for the pattern is that European-
styleland management resulted in alargeincreasein the frequency
of fire. However, Bowman (1998) raised an alternative
interpretation that suggested the increase in the number of fire
scarsin Banks' fire history reflected a shift from frequent, low-
intensity fires to frequent, high-intensity fires. In extending the
thesis of Burrows et al. (1995), Bowman (1998) argues that:
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Figure 6. Temporal trendsin the total number of fire yearsrecorded per
decadeacrossall standsin adendrochronologica study of firefrequency
in snow gum on the Brindabella Range (adapted from Banks 1982)
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given the fire prone environments in which Callitris
glaucophylla, Eucalyptus marginata and Eucalyptus
pauciflora occur, the absence of fire scars cannot reasonably
be interpreted as an absence of fires.

Richards et al. (2001) conducted a comprehensive survey of fire
damage to snow gum (Eucalyptus pauciflora) in the Piccadilly
Circus Fire Ecology Plots, a (then) 25-y-old, manipulative fire-
regime experiment on the Brindabella Range, ACT. The field
survey demonstrated that around six out of every ten firesresulted
in damage consistent with scarring in snow gum, even for the
lowest-intengity firesinthemost frequently burnt plots (burnt every
2-4y). The number approaches eight scars out of ten firesif the
more frequently scarred trees (upper 50th percentile of treeswith
respect to maximum number of segments of the dry face) are
analysed in an attempt to more closely mimic Banks' method of
selecting treesfor hisstudy. These results suggest that Banks' fire
history may not support the hypothesis of frequent Aborigina
burning of snow gum forest in the Brindabella Range as suggested
by some authors.

Researchers should continue to study the nature of pre-European
fireregimes, using arange of independent methods, becausethey
will continue to form the basis of arguments about historical fire
regimes and their relevance to contemporary fire management.

Questions about ecosystem impacts

Thereisinsufficient evidenceto support or to reject the proposition
that the major fires of the 2002—2003 fire season were
unprecedented in their extent, intensity and effects. Charcoal
recordsin sediments demonstrate that south-eastern Australiahas
been characterised by relatively constant fire activity over the
Holocene period (i.e. thelast 10 000 y) (Kershaw et al. 2002). If
fires of the nature witnessed during the 2002—2003 season re-
occurred at a point in the landscape every hundred or so years,
then similar events may have occurred at that point inthe order of
one hundred times since the beginning of the Holocene. If the
frequency of severefireeventsisgreater, then the number increases
and vice versa. Therefore, it would seem unlikely that the extent,
intensity and effects of the 2002—2003 fires were unprecedented.

Nevertheless, history will record that the area burned, and the
area burned by high-intensity fires, in south-eastern Australia
during the 2002—2003 season was among the greatest recorded
for any season since European arrival (around 200 y ago).
Therefore, the events provide an unprecedented opportunity to
evaluate theories about fire ecology and fire effects developed
over thelast 25.

Ecological impacts

Animal and plant species are adapted to fire regimes charac-
teristically comprised of fire intensity, season, inter-fire interval
and type — not to individua fire events (Gill 1975; Gill and
Bradstock 2003). That is, the effect of afire event on apopulation
of aparticular species depends not only on the nature of the most
recent event, but also on the nature and timing of previous fires
that will have influenced the number, maturity and physiological
status of individuals (and propagules) in the population.
Populations of predators and competitors of the species of interest
will also be influenced by past fires.

Research priorities and firein SE Australia

Some models of the dynamics of species subject to recurrent fire
are based on a sound understanding of underlying mechanisms.
For example, Noble and Slatyer (1980, 1981) developed a
qualitative model of fire succession based on the‘vital attributes

of species (similar to the adaptive traits of Gill 1975), and which
facilitatesthe devel opment sequences of speciesdynamicsthrough
time.

The extent of the 2002—2003 fires, and the spatial variation in
their intensity, provide arare opportunity for rigorous validation
of models of fire ecology across a broad range of ecosystems.
They provide an opportunity to address questions like: Are the
responses of individuals, population and communities of plants
and animals to the 2002—2003 fires consi stent with the theory of
ecological models and the characteristics of recent fires and the
firehistory at individual sites?

For example, alpine ash (E. delegatensis) isawidely recognised
forest tree existing on sheltered aspects of montane landscapesin
south-eastern Australia. There is considerable knowledge about
the important attributes of E. delegatensis that affect likelihood
of survival under particular fireregimes, including: (i) arelatively
thin bark which, after scorching, does not produce anew periderm
quickly (Jacobs 1955); (i) the absence of awell-formed lignotuber,
particularly on high quality forest sites (Gill 1975; Ashton 1981);
(iii) poor epicormic sprouting after fire (Jacobs 1955); and (iv) a
long period between germination and onset of seed production
(after reproductive maturity), and thelack of adormant seed bank
that can survive any period of time (Shugart and Noble 1981).
With knowledge of thefirehistory of any particular E. delegatensis
stand burnt in the 2002—2003 fires, and the severity with which it
was burnt, a prediction about the impact of the most recent fire
can be made and subsequently tested. Furthermore, predictions
about the dynamics of stands of E. delegatensis with time since
fire can be tested by implementing long-term monitoring.

Thedecadesfollowing the 2002—2003 fireswill provideavaluable
research opportunity to test and refine model s of the dynamics of
species subject to recurrent fire. The extensive nature of the fires
of that season provide a rare opportunity to develop properly
replicated surveys of plant and animal populations designed to
evaluate the robustness of ecological theory devel oped to date. It
may be some considerabl e time before the opportunity for such
broad-scale validation of theory arises again.

Water quality and yield

Given the geographical extent of the 2002—2003 fires, it was
inevitable that many water supply catchments, some of them
supplying significant urban centres, would be impacted. An
important question arising in al water catchments is: What are
thefuturetrendsinwater yield that will result from the ecol ogical
impacts of the 2002—2003 fires?

Considerableresearch ontheimpact of fires on catchmentsexists.
Kuczera (1985) (in Vertessy et al. 2001) developed an idealised
curve for the relationship between water yield and stand age for
mountain ash (E. regnans) forest, based on the hydrol ogic response
of eight catchmentsto the 1939 bushfiresin Victoria. Assuming
long-unburnt mountain ash forest before a fire, followed by a
rapidly developing regrowth, water yield decreases to about half
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Figure 7. Spatial patterns of average inter-fireinterval (IFl) (y) predicted for the ACT region for @) present climate and

b) amoderate change in climate (modified from Cary 2002)

of thepre-firelevel by around 30y &fter fire. Water yield gradually
increases, taking up to 150y to reach pre-firelevelsastheregrowth
reaches an advanced stage. The general shape of the relationship
has been confirmed by model s of long-term yield trends (Kuczera
1987), and water balance measurements (Vertessy et al. 2001).

Eucalyptus regnans has a suite of adaptive traits similar to those
of E. delegatensis and responds similarly to fires of comparable
severity (Gill 1975). The dynamics of water yield for catchments
characterised by specieswith adaptivetraitsdifferent to E. regnans
can depart significantly from the idealised curve presented for
E. regnans. A study of stream flow in Licking Hole creek, situated
inthe upper Cotter River Catchment inthe ACT, found that after
aninitia increase, stream flow returned to pre-fire levels within
3y (Kuczera 1998), presumably because of a greater proportion
of resprouting eucalypt species found in that catchment.

The opportunities to examine the impacts of fire on water yield
arising from the 2002—2003 fires in south-eastern Australia are
arguably unprecedented. They provide avaluable opportunity to
extend the research on these topics into a new set of catchments
where records of water yield have been compiled over many
decades. Associated questions on theimpact on water quality are
also being addressed.

Managing bushfirerisk in a changing world
Climate change

There has been speculation over whether the events of the 2002—
2003 bushfire season might become more frequent asaresult of a

changing climate. Williamset al. (2001) compared the frequency
of different firedanger rating (FDR) (Low, Moderate, High, Very
high and Extreme) daysthat would occur during afire season, for
simulated 1x CO, and 2 x CO, climatesfor southern and northern
Australia, using the CSIRO9 General Circulation Model. In
southern Australia, distributions of FDR were significantly
different between climatesfor Saleand marginally sofor Mildura,
but not for Hobart and K atanning. Nevertheless, the common trend
acrossall siteswasfor adecreasein the number of low FDR days
and ageneral, but not necessarily consistent, increasein the number
of higher FDR (Very High and Extreme) days.

Cary (2002) predicted spatial variationinthefireregime, using a
landscapefire model that includeslightning ignition only, for the
ACT region, and hypothesised that inter-fire intervals would be
half under a2 x CO, climate (Fig. 7). The models addressed the
sensitivity of fire regimes to changes in expected weather only,
and did not incorporate expected change in biomass productivity,
ignition likelihood (Goldammer and Price 1998), nor anthro-
pogenic activities such asfire suppression.

Research to date suggests that fire danger and fire regimes are
sensitive to potential changes resulting from climate change.
Research into this aspect of bushfire occurrence will need to
continually address the possible effects of new climate change
scenarios, resulting from updated general circul ation modelsand
projectionson energy policiesand population growth, asthey are

developed.
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Optimal solutionsto the management of bushfire
risk

The 2002-2003 fires have provided a stark reminder of the
complexity of contemporary land management, although thereare
many similar examplesaround theworld (e.g. Keeley et al. 2003).
Whereasresearchers, policy expertsand interest groups often focus
on asmall number of issues, land managers are responsible, and
accountable, for a much broader range of issues including fire
mitigation and management, conservation of biological diversity,
air quality, water quality and yield, recreation and aesthetic val ues,
agricultural and timber production, and others. Furthermore, land
managers are constrained by pressing financial, occupational
health and safety, and knowledge limits.

Thus, there remains a need for the development of optimal
mixtures of management options, acrossadiversity of ecosystems,
which addressthese (often conflicting) constraints (Bradstock and
Gill 2001). Thiswill require arange of methodologies, including
simulation modelling, insights from landscape fire ecology
projects and statistical analysis of fire occurrence. Researchers
should be asking questionslike: What level of prescribed burning
activity will berequired under future climatesto afford the same
level of protection provided by a given level of activity under
current climate? What will be the impact of thison air and water
quality, and on plant and animal community dynamics? What are
the financial implications? Are there alternatives?

These are examples of the fundamentally important questionsthat
have been have been brought to the front of our mindsasaresult
of the 2002—2003 fire season. It isat timeslikethis, when thereis
community and government focus on fireresearch, that advances
may occur more rapidly and be communicated more effectively.
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