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A working knowledge of fires and their impacts is
just one part of effective fire management. However,
you also need to be able to adapt your fire
management in the light of experience— ‘adaptive
management’. To do this you need to be able to
monitor fires effectively.

This chapter describes tools which land managers
can use for monitoring the effects of their fire
management; it also describes the use of satellite-
based technologies for obtaining information on
the regional distribution and extent of fires, and on
the state of curing of fuel. It examines how models
can be used to provide useful information about
seasonal and fuel conditions.  A third section
describes a range of map-based products that will
assist managers in understanding seasons, fuel loads
and curing state and fire risk at a regional level.

On-ground
monitoring
While many experienced land managers develop a
detailed understanding of the effects of their fire
management, memories can be short-lived; there is
often a high turnover of staff on cattle properties
or conservation reserves. Useful monitor ing
observations, both positive and negative, need to be
recorded and made accessible if they are to have
lasting benefit. On-ground sites may be used to
monitor the responses over time of key indicators
such as soil cover, species composition and status,
vegetation condition and woody thickening. Aerial
photography and even historical photos have been
used to assess long-term changes particularly in
woody plant cover and density.

On-ground monitoring systems
The design of ground-based fire monitoring
systems range in complexity from simple photo-
points to
a series of sites in a sophisticated, replicated
experimental design. The design depends on the
purpose of the monitoring. Photo-points at fixed
sites have been used to record the occurrence of
fire or to show vegetation and landscape changes
over time. Simple plots may be established to record
the immediate effects of a fire on the responses of
individual species. These plots would include a

7. Monitoring fire regimes
photo-point plus counts of the individuals of a
single species, such as the weed rubber vine. The
more complex monitoring sites are designed for
long-term monitoring of regional trends in plant
and animal community structure and composition.
The data collected include information on the
species mix plus biomass samples, and it requires
considerable statistical skill to adequately analyse
the results.

The use of photo-points should be done system-
atically by taking photos from the same spot and
aimed at a marked reference point or target.

The plot-based fire monitoring programs, as
established by various agencies across northern
Australia, are resource hungry and require substantial
ongoing commitment. A comparison of some long-
term monitoring approaches used in Queensland,
the Northern Territory and Western Australia is
shown in Table 7.1.

Photos to monitor local change should be taken using a
fixed reference point.

by Grant Allan, Rodd Dyer, Andrea Johnson, Jeremy Russell-Smith and Cameron Yates
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Table 7.1  Examples of formal, plot-based fire monitoring programs adopted by agencies in
Queensland, Northern Territory and Western Australia

Attribute

Implementing
agencies

Purpose of
monitoring
scheme

Year started

Current state of
implementation

Monitoring
rationale

Plot dimensions

Woody
vegetation
sampling

Ground cover/
herbaceous
species sampling

Other attributes
monitored

Time taken to
inventory each
plot in the field

Assessment
frequency

Management
issues

Queensland

Queensland National Parks &
Wildlife Service

To assess changes in vegetation
health on national parks and
effectiveness of off-park
conservation agreements

1998

• Over 100 plots established

Mostly issue-focused, favouring an
experimental approach
• Assessing appropriate fire

regimes for control of woody
plants in grasslands

• Conservation of certain fauna

50 x 4 m

• All woody individuals identified
and mapped as distance along
and away from central axis;
height and diameter at base
measured

• Occurrence of target or all
species in 20 systematically
placed 25 cm x 25 cm quadrats

• Ground-layer fuel using drop
disc method at 50 points

• Animal disturbance/signs
recorded

• 1–3 hours for initial site
establishment, shorter for re-
measurements

• Annually or as frequently as
sampling design requires

• Supported by field staff and
stakeholder partners

• Need a flexible system for
looking at different land
management issues

• Still under development and
needs long-term institutional
backing

Northern Territory

• Parks & Wildlife Commission
• Parks Australia:  Kakadu NP

To inform park managers of the
long-term implications of
imposed fire regimes on
vegetation and fauna

1994

• Over 250 plots in four Top
End major national parks

Mostly passive monitoring
• Assessing trends of habitat

and vegetation response to
current fire regimes

• Focus on a representative
range of vegetation types,
including critical fire-sensitive
habitats

40 x 20 m

• Trees (>5 cm at 1.3 m height)
in 40 x 20 m plot: all stems
tagged, measured for height
and diameter at 1.3 m,
assessed for fire scars

• Shrubs (>50 cm height and
<5 cm diameter at 1.3 m) in
central 40 x 10 m plot: counts
per species in 2 height classes.

• Small shrubs (<50 cm height)
in 80 1 m2 quadrats within
plot: counts per species

• Foliage cover (%) of each
species in 40 systematically
placed 1 m2 quadrats

• Fauna sampling undertaken on
sites adjacent to vegetation
plots

• 2–3 hours for full inventory,
plus plant specimen
identifications and database

• Biennially for fire history
• 5 years for vegetation

• Strongly supported by field
staff

• Good commitment from
participating agencies

• Very substantial personnel
and logistical resource
requirements

Western Australia

Agriculture Western Australia

To assess the effects of fire
regimes on major Kimberley
pasture types and inform the
regional pastoral community

1993

• 50 plots which have been
assessed at least twice

Mostly opportunistic
monitoring
• Comparing the vegetation

response of intensely burnt
pasture on opposite sides of
a track

• Documenting vegetation
change in frequently burnt
savanna woodland

50 x 26 m

• All woody individuals
identified to species within
100 0.5 m2 (70 cm x 70 cm)
quadrats

• Heights of juveniles recorded

• Presence of all species within
100 0.5 m2 quadrats

• Composition estimated by
dry weight, rank method

• Ground-layer fuel and
moisture content from 15
0.5 m2 harvested quadrats

• Grazing and dung recorded
in each quadrat

• 4–5 hours, including fuel
sampling

• Annually to biennially for fire
history

• Importance of maintaining
communication with co-
operating pastoralists

•  Matching site network to
available resources; logistical
constraints may prevent data
collection before fires

•  Plant species identification



104104

Monitoring pasture
composition under
frequent fires
Intermittently and lightly grazed savanna woodland
near Kununurra, WA was monitored after a relatively
intense fire late in the dry season of 1993. There
were four subsequent, mostly unplanned, fires (1995,
1997, 1998, 1999) but all were of lower intensity.

Monitoring has revealed an interesting trend in pasture
composition. Despite continuing disturbance by fire,
the proportion of perennial sorghum (Sorghum
plumosum) has been increasing relative to other less
palatable perennial grasses. This may just represent a
recovery from the effect of the hot 1993 fire but is
considered beneficial from a pastoral perspective.

by Andrew Craig

Monitoring soil loss after
wet season burning
Annual sorghum grasses are a major source of dry
season fuel in the Top End and Kimberley. Burning
the annual sorghum in the growing season before
the plants have set seed can reduce fuel loads and
can allow other perennial grasses to increase. While
wet season burning reduces sorghum, it does not
appear to impact on other annuals. In fact, removal
of sorghum allows annuals with soil seed banks to
proliferate. Wet season burning is an increasingly
applied approach for reducing annual sorghum, but
the effects of soil loss also need to be considered.

Does it increase soil erosion?
An area of annual sorghum in the Department of
Defence Bradshaw Field Training Area in the
Northern Territory was burned in mid-December
1999 when the grass was growing but not seeding.

On each side of a valley, three plots were measured
on the steep mid-slopes and three on the lower
levees. One side of the valley was burnt with the
other side left unburnt as a control. Vegetation was
recorded for each plot before burning.

Erosion in each plot was assessed by hammering
roofing nails into the ground along the contour at
20 cm intervals and measuring the amount of soil
loss from under the cap of each nail at the end of
the wet season.

Soil loss from burnt steep slopes averaged 6.7 mm,
but losses were much lower on the burnt lower
slopes and in unburnt plots.

Relatively high rates of loss from burnt steep slopes
might be attributable to very heavy rain associated
with Cyclone Max; however, care needs to be taken
when burning steep slopes in the wet season.

by Cameron Yates

Further reading
Stocker, G. C. and Sturt, J. D. (1966). Australian
Journal of Experimental Agriculture and Animal
Husbandry 6: 277–279.

Pasture species composition

Changes in botanical composition of lightly grazed
native pasture under regime of frequent fires

Soil loss after wet season burning

Mean soil loss (mm) from upper and lower slopes after
burning annual sorghum during the wet season. Three
replicate plots were monitored for each burning treatment.
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Monitoring cypress pine
stands in Arnhem Land
Cypress pine (Callitris intratropica) is a long-lived tree
species that occurs across northern Australia in a
range of habitats with free-draining soils.

High-intensity fires will kill or scar mature cypress
trees but the termite-resistant stems remain standing
for many years. Low-intensity fires may kill juvenile
trees but will not generally affect mature trees; thus
the condition of cypress stands can indicate the
severity of the fire regime.

In recent years, ground-based cypress surveys over
many parts of northern Australia have counted living
and dead pine trees to determine their current
condition and former range. Both living and dead
cypress are highly visible in the savanna landscape,
and aerial surveys have been undertaken to extend
our knowledge base.

An aerial survey in October 2000 showed that the
condition of cypress pine stands in western Arnhem
Land varied considerably.

There were more living trees than dead stems in
areas protected from frequent fire—in the rocky
areas in the dissected sandstone and the escarpment
country.

On the open sand sheets and savanna lowland
woodlands, the dead stems far outnumbered the
living, indicating that fire severity has increased in
recent times.

The diameters of dead trees are measured, sections
cut and the growth rings counted to determine a
relationship between tree diameter and age.

by Andrew Edwards

Further reading
Price, O. and Bowman, D. M. J. S. (1994). Journal of
Biogeography 21: 573–580.

Hammer, G. L. (1981).  Australian Forestry 44: 35–41.

Aerial transects flown over western Arnhem Land for
counting living and dead cypress

Living and dead cypress pines

Counting rings and measuring stem diameter at 1.3 m
height
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Monitoring vegetation
change
Rainforest in and around Iron Range National Park
in far north Queensland is expanding into the
grasslands—a result of restricted burning over the
last half century.

Aerial photography’s fine resolution makes it useful
for monitoring this long-term vegetation change;
photographs for the Iron Range National Park area
are available for 1943, 1970 and 1991.

Vegetation communities are delineated on the
photographs, and the line information is digitised
for mapping and measuring areas.

In a 140 sq. km study site in Iron Range National Park,
the rainforest increased by 33.2 sq. km between 1943
and 1970, and by a further 4.4 sq. km from 1970 to 1991.

These vegetation maps are being used in planning
strategies for the management of the park and
surrounding areas.

by Peter Stanton and Lisa Roeger

Overlaid digitised boundaries of rainforest in Iron Range National Park showing the expansion of the forest area.
The original area in 1943 (dark green) has expanded to the larger area (lighter green) in 1970 and 1991.

Changes in the area of rainforest in Iron Range
National Park between 1943 and 1991

Examples of aerial photographs of Iron Range National
Park for 1970 (above) and 1991 (below).
The rainforest can be seen as the darker areas.
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Aerial photo
monitoring
Aerial photo records are available for many parts of
northern Australia from the 1940s, the 1960s and
often more recently, as part of national or regional
mapping projects. While aerial photos are typically
taken too intermittently to be useful for describing
fire regimes in savanna systems (although effective
for mapping fires in more arid regions) they can
establish long-term trends in woody vegetation
thickening or clearing (see p. 106).

Satellite-based
monitoring
At broader regional scales, fire regimes and their
ecological responses can be monitored using satellite
technology. Satellite images combined with computer
mapping software (or Geographic Information
Systems—GIS) allow the trends and responses observed
from ground-based plots to be extrapolated to the scales
of properties, land systems, regions and even continents.
The use of satellite data has become an important
part of monitoring both fire regimes and vegetation
response to fire in the tropical savannas. Satellite
images are used to detect active fires, map the extent
of burnt areas and assess the greenness or curing state
of vegetation. This section has technical information
on the two main satellite systems currently used in
fire monitoring. It is provided as background
information to help users understand the issues
associated with the use of satellite data for fire and
vegetation monitoring.

Satellite systems
Two satellite systems are currently used for fire monitor-
ing and mapping—NOAA (National and Oceano-
graphic Atmospheric Administration) and Landsat.

NOAA
Originally designed for mapping weather patterns
and cloud formations and measuring sea surface
temperature and patterns of ocean circulation,
NOAA’s primary sensor, the AVHRR (Advanced
Very High Resolution Radiometer), also provides
useful land surface information. The four currently
operational satellites (NOAA-12, -14, -15 and -16)
continuously orbit the Earth and cross part of
Australia twice a day.

Landsat
Landsat 7 was designed specifically for mapping
and monitoring the Earth’s resources using the
ETM (Enhanced Thematic Mapper) sensor. The
sensor has three components—panchromatic,
multispectral and thermal—with different spectral
and spatial capabilities. An example of a large fire
scar detected by Landsat is shown in Figure 7.1.

Satellite orbits
Both NOAA and Landsat satellites have similar
orbital characteristics—the main difference being
the time of day when the satellite collects data.
Landsat 7 collects data only on the sunlit side of the
Earth and crosses the equator at 1000 local solar
time. The NOAA satellites collect data on both sides

The fire was started about 28 March 2001, six days
before the Landsat image on 5 April 2001. The
recently burnt areas are red. Previously burnt areas, from
fires in October 2000, are the yellow patterns in the
north-east and south-west parts of the image. The two
small whitish patches in the central north portion of the
image were fires between 30 December 2000 and 16
February 2001.
The fires were probably started by lightning but
subsequently put out by associated rainfall before large
areas were burnt. The small dark patterns north of the
fire are remnant mulga communities within the
extensive spinifex sandplain area that dominates the
rest of the image. The Lander River flows north through
the Wirliyajarrayi Aboriginal Land Trust in the south-
west portion of the image. The Willowra community
is just off the southern margin of the map on the
Lander River.
The fire was lit from a track just west of Stirling
Station. For the first few days the fire burnt slowly
before south-east winds pushed the fire to the north-
east. A wind change from south-east to east on the day
of the satellite pass turned the western flank into the
fire front. The blue haze to the west of the burnt area is
the smoke plume. The pink edges to the fire are the
burning fire fronts and the two white dots are clouds
forming on the smoke plumes above the fire front.
The area burnt at the time of the image was 1500 km2.
The fire continued to burn for the next three months. The
final extent of the fire was approximately 10,000 km2.

Figure 7.1  Willowra area Landsat image
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of the Earth (daytime and night-time passes).
Information from sunrise, sunset and night-time
passes are used to detect fire hotspots; information
from afternoon passes are used for fire history and
vegetation greenness images.

Image coverage
A satellite image is part of a continuous strip of the
Earth seen by each satellite as it orbits; however, the
areas covered by a single NOAA image and a single
Landsat image are very different (Figure 7.2). A single
image of the AVHRR sensor on a NOAA satellite is
2500 km wide and 4000 km long whereas a Landsat
image is only 185 km x 185 km. Thus a single NOAA
image can cover nearly two-thirds of Australia whereas
it needs 400 Landsat scenes to cover all Australia.

Although each satellite progresses a similar distance
between orbits to maintain its position relative to
the sun, the size of the image influences the amount
of overlap and the number of days between repetitive
images. The NOAA satellites have a nine-day orbit
cycle—a satellite passes directly overhead on every
ninth day.

However, because the image is so wide, there is an
overlap between images on successive days. This
means that a specific location can usually be seen
on five days of the nine-day orbit cycle although its
position within the image, and the pixel size change
as it drifts from one edge through the scene centre
to the other edge.

In contrast, there is very little overlap between
adjacent Landsat images; Landsat has a 16-day orbit
cycle, and so any particular location can be observed
only once every 16 days.

Image resolution
Pixel size is a function of the sensor’s scan angle
and its field of view (Figure 7.3).  The ETM sensor
on Landsat 7 has a very narrow scan angle and a
narrow field of view, so all pixels are the same size
across an image. The pixel size for a Landsat
multispectral image (used to make colour pictures)
is 30 m x 30 m, the panchromatic band (similar to
black-and-white film) has a resolution of 15 m x
15 m and the thermal band (which is sensitive to
heat) has a resolution of 60 m x 60 m.

The AVHRR sensor on NOAA satellites has a wide
scan angle and a larger field of view. This
combination, together with the curvature of the
Earth, causes the pixel size to increase away from
the centre of the image. For AVHRR images, the
minimum pixel size directly underneath the satellite
is 1.1 km x 1.1 km, but it stretches to 2.45 km x
6.7 km at the edge of the image.

Reflected sunlight, emitted energy and
the detection of fires
Several channels of both the AVHRR and ETM
sensors record the intensity of sunlight reflected from
the Earth’s surface (or from the clouds above it).
The data are collected only during the day.

The data from the red and near-infrared regions
of the spectrum are important for assessing
vegetation because green leaves absorb red light
but reflect near-infrared light. The greener the
leaves the greater the contrast between the
absorption and the reflection. As the leaves dry
out during the dry season, the contrast between
the red and near-infrared light decreases.

Figure 7.2  Comparison of area covered by NOAA and Landsat images

Single NOAA image covers two-thirds of continent. 400 Landsat scenes to cover Australia
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After the vegetation has been burnt, black ash and
char on the bare ground absorb most of the sunlight.
These characteristics are used to provide the
information for both the fire history maps and the
vegetation greenness images.

The sensors also record emitted energy, which is
a function of heat and temperature, and can do
this during both day and night. This provides
information for the detection of active fires or
hotspots—that is, pixels which have a high
temperature in contrast to surrounding pixels.

Hotspots are only determined from evening and
night-time overpasses in the tropics.  This restriction
is because channel 3 of the AVHRR sensor (the most
sensitive thermal channel) saturates at just 51oC—at
soil temperatures typical in the tropics over much of
the dry season. In turn, this presents a significant
‘sampling’ problem because many smaller fires go out
at the end of the day and are undetected.

In addition, the minimum size or intensity of a
grassfire that can be detected by hotspots is still
unknown. However, hotspot detection can detect
gas flares from oil wells in the Timor Sea and from
the Mereenie Basin west of Alice Springs. The flares
are hot enough to raise the average temperature
of an entire 1 sq. km pixel.

The thermal channels from daytime NOAA and
Landsat images are used in combination with the
reflected channels to map the extent of fires. The
black ash on the ground surface absorbs heat and
raises the temperature of the burnt area above that
of the surrounding unburnt landscape. This helps
to improve the discrimination of fire extent.

The orbit cycle of each satellite determines the
frequency of fire information updates. Fire history
updates are restricted to the cycle of daytime
overpasses.  Therefore NOAA-derived fire maps can
be updated on a nine-day cycle and Landsat-derived
fire maps have a 16-day cycle.

The detection of hotspots from the NOAA satellites
has fewer restrictions and updates are available daily,
usually with two or three updates each day using
different satellites. All the fire information updates
require cloud-free conditions as no channels of either
the AVHRR or ETM sensor can see through clouds.
Only satellites with active sensors such as radar can
do this, but these have yet to be tested for mapping
burnt areas or detecting active fires.

Use of satellite data in fire monitoring
Two kinds of this satellite-based fire monitoring
information are now available for land managers.

Active fire locations or ‘hotspots’
The daily (or at least nightly) detection of fire
hotspots provides remote land managers with a
powerful source of information concerning the
location of fires in any one region, or even in a
large paddock. ‘Near real time’ information derived
from hotspot images provides land managers with
the opportunity to monitor the progress of
approaching fires so that ongoing decisions regarding
their management can be made.

Fire extent or fire history maps
These can provide land managers with a continuous
record of the distribution and extent of fires
throughout any one year on individual properties,
or at regional and even continental scales.

Figure 7.3  Resolution of  Landsat and NOAA images

Landsat image (left) provides a much clearer view of the fire extents than the AVHRR image (right)—there are
nearly 1500 Landsat pixels within the smallest NOAA-AVHRR pixel.
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For example, bushfire management agencies across
northern Australia use these maps as monitoring
and planning aids throughout the fire season. They
help identify unburnt gaps in strategic fire control
lines and can be used by land managers to develop
a burning history for individual paddocks, or a fire
history of fire-sensitive and surrounding vegetation
types on a conservation reserve.

In combination with other data (e.g. known rates
of fuel accumulation for different fuel types; climatic
information), fire history maps can be used to assess
fire risk.

NOAA-AVHRR and Landsat ETM satellite images
are collected and processed by three agencies in three
locations to provide Australia-wide coverage. The
Department of Land Administration (DOLA) in
Perth collects NOAA-AVHRR images for the
western portion of Australia. The Queensland
Department of Natural Resources and Mines in
Brisbane (QDNRM) collects NOAA-AVHRR
images for the eastern portion of Australia. Both
agencies have websites for the distribution of active
fire and fire extent information.

The Australian Centre for Remote Sensing
(ACRES) is the agency responsible for Landsat
images. It has receiving stations in Alice Springs and
Hobart with processing based in Canberra.  In
addition, the Bureau of Meteorology offices in
Melbourne and Darwin have satellite receiving
stations for NOAA images and contribute to the
Australia-wide coverage. The details of the websites
for these agencies are provided at the end of this
chapter.

Active fires or
hotspots
What hotspot information is available?
Hotspot information is available as maps, lists of
geographic coordinates and as digital files for use
in a GIS.

The maps are picture files showing the location of
active fires on a generalised land tenure map with
some road and river information (Figure 7.4). The
hotspots are colour-coded: red crosses have the
highest probability of being active fires and meet all
the criteria of their rating system; green crosses have
a lower probability of being active fires and are
labelled as possible fires.

The lists of geographic coordinates and the GIS digital
files, as ArcView shapefiles (from QDNRM only),
provide more accurate information on the location of
hotspots. Users must be aware that DOLA provide
fire locations in degrees and minutes of latitude and
longitude whereas QDNRM use decimal degrees, so
care has to be taken when comparing information
from these two sources.

Figure 7.4  Hotspot map, Western Australia
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The lists of hotspot coordinates can either be
manually drawn on topographic maps or imported
digitally into a GIS to display the hotspots overlaid
on topographic or pastoral maps (or satellite images).
The progress of a fire can be tracked using the list
of geographic coordinates or the ArcView shapefiles
to display a time sequence of hotspots.

Figure 7.5 shows a progression of hotspots. The first
map shows the extent of the area burnt until 5
September 1999, as mapped from AVHRR images,
plus hotspots for 6 and 7 September.

The second map shows the dramatic advance of
the fire on 8 September with strong north-east
winds.  The third map shows the continued advance
of the fire in a south-westerly direction during
9 and 10 September. Suppression activities by the
pastoralist and Bushfire Council’s officers restricted
the continued spread of the fire and the fourth map
shows the extent of the area burnt to 13 September.

This approach to disseminate hotspot information
to station managers has been adopted as a standard
within the NT.  It relies on downloading the hotspot
locations into a GIS.  Within the GIS, the daily hotspot
updates are plotted onto station or topographic maps
with roads, rivers, fences and the extent of previously
burnt areas. The daily maps are distributed to land
managers by fax or email.

Limitations of NOAA hotspot data
The hotspot data have several limitations.

Delay
There is a several hour delay between the time that
a satellite collects the data and when it becomes
available on the website. This delay must be
considered by the user in the context of weather
conditions, fire behaviour and rate of fire spread.

Accuracy
The location accuracy of the hotspot data is, at best,
±1–2 km. This is associated with both the size of
the image pixel and the quality of the image
rectification, which is the process of transforming
the diagonal line of the satellite orbit to the square
pattern of maps in geographic coordinates. Pixel
size varies with its position along each row of the
image and is affected by the nine-day orbit cycle of
the satellite.

The progression of hotspots (red dots) during the
interval between AVHRR fire history map updates

Figure 7.5   The progression of hotspots
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Accuracy is best directly under the track of the
satellite but decreases away from the centre of the
image. The bigger the pixel, the less likely a fire will
significantly increase the average temperature of that
pixel to be identified as a hotspot. The best time for
collecting data is when the satellite is looking straight
down and the worst time is on days four and five of
the cycle when the look angle is greatest. Thus the
quality of the data are significantly lower on two
out of every nine days.

The bad days are predicable but it depends on ‘where
you live’. Fortunately with four satellites available,
there are few days when none of the satellites has a
good view of any particular area.

Accuracy of the image rectification can be affected
by the amount of cloud cover as clouds obscure
ground features used to relate the image to a map.

Fire intensity
Typical daily fluctuations of fire intensity and the
timing of the satellite data collection confound
hotspot detection. Fires are usually less intense at
night but increase again in the morning as the
temperature and wind speeds increase. Many fires
which die down and burn out in the evening
(especially during the early dry season) will be
missed.

Where can I get information?
Two websites—DOLA and QDNRM—provide
daily information on the location of fire hotspots
in northern Australia (see the list at the end of the
chapter). QDNRM can provide automatic
notification of hotspots by email if a pastoral land
manager can provide four corner points for a
rectangle of land surrounding the property. If any
hotspots occur within the defined rectangle, an email
is sent automatically listing the geographical
coordinates of the hotspots, plus ArcView shapefiles.

Fire history
Fire extent (or fire history or fire scar) maps can be
produced from either Landsat ETM or NOAA-
AVHRR images.

NOAA–AVHRR
Fire history maps produced from NOAA–AVHRR
imagery (Figure 7.6) have been available for the
northern savanna regions of the NT and WA since
1993, and for all of northern Australia since 1997.
The low cost, the large coverage of individual images
and the opportunities for frequent updates combine
to provide a valuable resource. The maps show the

Figure 7.6  AVHRR image of the north-west
portion of the Top End

Figure 7.7  Fire history map corresponding to
the AVHRR image

Recently burnt areas are black; clouds and smoke plumes
may obscure fires.
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area burnt by fires colour-coded between different
calendar dates (usually nine-day periods). Maps
include an overlay of reference information, including
the coastline, rivers, roads and land tenure (Figure 7.7).

Landsat
Due to higher imagery costs and small image areas,
Landsat-based fire history maps are available only for
small regional areas of northern Australia, typically for
research purposes and management of national parks
(Figure 4.3 p. 47). These maps have a high resolution
(30 m x 30 m minimum mapping area) but updates
are prepared from only three images per year
representing early, middle and late dry season fires.

Fire history data for the tropical savannas are
accumulated throughout the dry season (April to
November–December). Plant growth during the
wet resets the vegetation patterns and masks the

The nine-day fire history intervals are grouped by calendar month to simplify interpretation

Figure 7.8  Fire history map, Western Australia,
DOLA website

Figure 7.9  Enlargement, Derby–Broome
region of  WA

previous fire patterns; fire history maps begin with
a clean sheet at the start of the dry season.

Where can I get fire history maps?
Fire history information is available as either maps
or GIS data files from the DOLA website.  The maps
are available for all of WA and the NT, or for regional
areas (Figures 7.8 and 7.9).

Are printed fire history maps available?
Several standard fire history maps are produced and
distributed—mainly to regional fire control officers
and to managers of national parks. Maps can also be
produced for pastoral properties or other land tenure
units by request to either DOLA or Bushfires
Council of the NT (Figure 7.10). These plots include
the summary statistics of the area burnt by each image
date calculated as both the area extent in sq. km and
as a proportion of the total area of the tenure unit.
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The historical sequence of fire history maps
provides an insight into the different fire regimes
of northern Australia. The information provides a
visual comparison between years, or across regions
and land tenures as graphs (Figures 7.11 and 7.12)
or maps.  Combining all the fire history maps from

Figure 7.10 A 1996 fire history map for a grazing property with 17 fire history intervals

Fire history data describing area burnt across the whole
Top End of the NT for 1993 to 1998. The columns
are split for early fires (before mid-July) and late fires
(after mid-July). Total area burnt was highest in 1996.

Fire history data showing timing of fires. Regions with more
intensive land use are burnt early (Arafura Region West—
ARWE); Arnhem Land (Arafura Region East—AREA)
is burnt mainly by large wildfires late in the dry season.

1993 to 2000 creates maps of fire frequency and
fire interval. Fire frequency maps can indicate the
number of times each location has been burnt
during the past eight years (Figure 7.13) whereas
fire interval maps show the time intervals between
two successive fires.

Figure 7.12 Fire history, line graphFigure 7.11 Fire history, bar graph
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Figure 7.13  1993 to 2000 fire frequency map of the Top End, NT

Is other information available in the maps?
Additional information can be included with the
maps on request. For example, Bushfires Council
officers record the location of their ACB lines using
a GPS on board the aircraft; having these lines on a
map allows them to assess their effectiveness against
the fires detected by the satellite (Figure 7.14).  Other
information options include infrastructure, such as
fence lines and bores, or topographic maps as
background images.

A fire history map of the Katherine BFC region showing
ACB lines and early fires associated with a burning program

What are the limitations of the fire
history maps?
The usefulness of fire history maps is limited by
clouds, small fires and wet season burns.

Clouds
The sensors cannot see through clouds. Unfortun-
ately clouds are frequent in the late dry season
months of October and November when there are
many large wildfires.

Small fires
The AVHRR sensor has a spatial resolution of 1 sq.
km. The minimum size of a fire which can be
mapped will depend on its intensity and shape, and
on the type of vegetation. To be readily identified a
fire must burn a strip or a block over a portion of
an area of 3–5 sq. km; many small fires in the early
dry season are not detected.

Wet season burns
Wet season burns are rarely mapped as part of the
fire history mapping. The fires are generally small
and patchy, at a time with few cloud-free days, and
are masked by regrowth by the end of the wet season.

Figure 7.14  Fire history, Katherine
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Monitoring
vegetation greenness
Across northern Australia there is considerable
annual variation in the rate of curing (or drying),
curing state and fuel moisture content between
major plant communities. There is also significant
variation in fuel curing state within the same
communities but in different localities throughout
a region depending on the amount and distribu-
tion of rainfall during the preceding wet season.
Having access to accurate and up-to-date curing
information allows regional fire authorities and land
managers to undertake more effective regional and
property fire management.  The daytime AVHRR
satellite images can be used to determine vegetation
‘greenness’ or, conversely, the state of curing.

A knowledge of the curing rate is important to fire
management agencies and land managers. Grass fuels
grow and cure very rapidly. The window of
opportunity for safe and effective hazard reduction
burning over most savanna regions remains relatively
small. It is also important to be able to accurately
identify the period during the dry season when
wildfire risk increases to critical levels. Furthermore,
the adoption of prescribed burning practices
implemented as part of normal grazing management
relies on managers being able to utilise optimum
fuel conditions suited to the objectives of fire
management.

The large variation in fuel curing across the
landscape throughout the year can make these tasks
very difficult. Some pasture communities, such as
annual sorghum on sandy soils, will cure rapidly
and present a fire risk much earlier than others, such
as perennial grasses on cracking clays. A poor or
patchy wet season may result in fuel rapidly
becoming fully cured in some areas while adjacent
areas remain green.

This variation in fuel curing often hampers the
effectiveness of strategic aerial control burning
programs where, to minimise costs, large areas are
burnt rapidly from fixed-wing aircraft.

How is vegetation greenness measured
and calculated?
Vegetation greenness is based on the characteristics
of sunlight reflected from plant leaves. This greenness
value is also known as the Normalised Difference
Vegetation Index (NDVI), which is calculated from
AVHRR channels 1 and 2 on the NOAA-B satellite.
Green leaves absorb red light recorded by AVHRR
channel 1, but reflect near-infrared light recorded
by AVHRR channel 2. The result is a high NDVI
value. As leaves dry out, they absorb less red light
and reflect less near-infrared light and the NDVI
value decreases. NDVI values can be derived for
the whole area of an AVHRR image.

The images portray the amount of green, actively
growing vegetation within each pixel as a relative
measure (Figure 7.15).  As the dry season progresses,
successive NDVI images respond to the progressive
drying out of vegetation (less greenness). When the
rains commence again, NDVI images can help
identify those areas which are greening up again
in response to localised rainstorms. The direct
relationship between the vegetation greennness
values and the amount of green vegetation on the
ground is in the process of being verified, both in
the Top End of the NT and the Kimberley.

Figure 7.15 Vegetation greenness

Vegetation greenness image of the NT. Blue indicates nil or
dry vegetation, progressing through green and red to white.
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How is curing related to greeness?
The converse of vegetation greenness is vegetation
curing. Curing is the loss of greenness and moisture
in vegetation as it dries and dies off after the wet
season growing period (Figure 7.16). It is expressed
as the proportion of dead (brown) material to live
material.

Fuel curing refers to the  relative ‘greenness’of the
fuel; it affects fuel flammability and the potential
rate of fire spread.

Where are greenness images available?
The vegetation greenness images are prepared
bimonthly (24 times a year) by DOLA in Perth.
Each image combines information from numerous
satellite overpasses within each half-monthly period
to eliminate cloud-affected areas and maximise the
greenness value within each pixel. The final
compilation is generally available within a week of
the end of each collection period.

The most important aspect of the information is
the frequency of its availability and the opportunity
it provides to follow patterns through time and for
making comparisons between seasons. The current
archive of data for WA and NT begins in January
1993. An archive of monthly NDVI images of
Australia are available through the Northern
Territory Department of Primary Industry and
Fisheries and the Bureau of Meteorology websites.

What else can vegetation greenness
images tell us?
Besides showing the state of growth or curing of
vegetation, greenness images can be interpreted to
provide:

The rate of curing
The sequence of fortnightly images show the
differential rates of change of curing within different
vegetation and soil types (Figure 7.17).

The geographical extent of the wet season
The significance of variability between wet seasons
becomes more important towards the arid interior.
In the parts of northern Australia where rain gauges
are widely separated, vegetation greenness images
complement rainfall data across the whole landscape
(Figure 7.18).

Figure 7.16  Curing
Fuel loads, curing and moisture contents of a pature as
the dry season progresses

July—000 kg/ha fuel, 80% cured,
20% moisture content

May—3000 kg/ha fuel, 65% cured,
20% moisture content

March—4000 kg/ha fuel, 25% cured,
60% moisture content

February—2500 kg/ha fuel, 20% cured,
65% moisture content
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The start of the wet season
Vegetation responds as humidity increases before
the rains begin. The vegetation greenness images
are sensitive to the flush of new growth, primarily
by the trees and shrubs of the open woodlands.

The length of the wet season
As the vegetation dries out after the end of the wet,
the ‘green bits’ show where the wet season persisted.
This can affect management programs such as aerial
control burning.

Figure 7.17  Vegetation greenness,  April 1995–March 1996

Figure 7.18  Vegetation greenness, wet seasons 1996–1998

What are the limitations of the
vegetation greenness images?
As the vegetation greenness characteristic of each
vegetation community on each soil type is slightly
different, images are relative, rather than absolute.
A vegetation greenness value of 0.4 in a woodland
community on red soil does not equate to a value
of 0.4 in open Mitchell grass plains on black soil.
Nevertheless, land managers familiar with their
country and its variability will find vegetation
greenness images to be a useful management tool
for interpreting the moisture status of different
vegetation types and their associated soils.

A sequence of vegetation greenness images for the Top End between April 1995 and March 1996 showing curing as
the dry season progresses, then greening up over the next wet season

Differences between the extents of the wet seasons from 1996 to 1998 as gauged from images of maximum
vegetation greenness for each year
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Modelling seasons
and fuel conditions
Most rural fire agencies and land managers are aware
that the effectiveness and safety of prescribed burns,
and the risk of wildfire, are influenced by the amount
and curing state of fuel. Large variation in fuel conditions
can occur between seasons (temporal variation) and
throughout the landscape (spatial variation).

Sequences of above-average seasonal rainfall and low
grazing pressure result in the accumulation of fuel
and the increased risk of wildfires. Alternatively,
periods of drought or overgrazing reduce grassy
fuels, often eliminating any possibility of fire.
Similarly, rainfall distr ibution affects pasture
greenness, the curing state of fuel and its sus-
ceptibility to burning throughout the year and across
the landscape.

It is now possible to provide rural fire agencies and
land managers with reliable estimates of seasonal
rainfall, fuel curing, fuel loads and fire risk through
computer simulation—or modelling (Figures 7.19–
7.23). This is now being done by the Aussie GRASS

Project (the Australian Grassland and Rangeland
Assessment by Spatial Simulation Project).

Aussie GRASS is a national collaborative research
project that aims to develop a spatial modelling
framework which allows the condition of Australia’s
grazing lands to be assessed and monitored. Each
month, the Aussie GRASS computer model simulates
the pasture growth and fuel conditions across Australia
by dividing it up into around 250,000 5-km grid
cells. In each grid cell, the model integrates daily
rainfall and climate data (temperature, radiation,
vapour pressure and evaporation) received from the
Bureau of Meteorology, along with soil type and
pasture community parameters, tree basal area and
livestock numbers.

Aussie GRASS products can assist with planning
burning operations and can assess fire risk at scales
from large properties to whole regions. Estimates
of Total Standing Dry Matter (TSDM), an indicator
of fuel load, use computer calculations of pasture
carry-over, pasture growth and livestock grazing. The
curing index is based on the proportion of green
and dead grass output from the model, while the
grassfire risk is determined from both fuel load
(TSDM) and curing index.

A range of Aussie GRASS products including relative seasonal rainfall, actual total TSDM, relative TSDM,
curing index, and grassland fire risk can be downloaded from the internet

Figure 7.19  Rainfall relative to historical records, November 2000–April 2001

Figure 7.20  Total standing dry matter (kg DM/ha), April 2001 (Experimental prototype)



120

Aussie GRASS model outputs are often presented in
a ranked or percentile format making it easy to
compare fire risk between seasons. Because the
Aussie GRASS model outputs rely on large data sets
with varying levels of resolution while livestock
numbers are available only at regional scales, some
products, such as TSDM, should be regarded as
estimates only.

Experimental Aussie GRASS map products are
updated monthly and can be viewed and down-
loaded directly from the internet. For help on how
to access this information, contact the Aussie GRASS

coordinator or Queensland Department of Natural
Resources and Mines on (07) 3896 9502.

Further reading
Carter, J. O., Hall, W. B., Brook, K. D., Day, K. A. and
Paull, C. J. (1998). Aussie GRASS: Australian
simulation and rangeland assessment by spatial
simulation. Applications of Seasonal Climate Forecasting
in Agricultural and Natural Ecosystems–The Australian
Experience. (Eds G. Hammer, N. Nicholls and C.
Mitchell.) Kluwer Academic Press, Netherlands. pp.
329–349 .

Figure 7.22  Potential grassfire risk, April 2001 (Experimental prototype)

Figure 7.21  Total standing dry matter relative to historical records, April 2001 (Experimental prototype)

Figure 7.23  Curing index, April 2001 (Experimental prototype)
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Satellite monitoring
websites
Hotspot Information
Two websites provide daily information on the
location of fire hotspots in northern Australia.

DOLA: http://www.rss.dola.wa.gov.au

QDNRM: http://www.dnr.qld.gov.au/longpdk/
SatelliteFireMonitor

Fire history and fire information websites
Bushfires Council of the NT:
http://www.nt.gov.au/bfc

• information on the Bushfires Council, including
links to other websites.

DOLA (Department of Land Administration, Perth
WA): http://www.rss.dola.gov.au

• provides fire-related satellite information for WA
and the NT.

Vegetation greenness websites
DOLA:  http://www.rss.dola.wa.gov.au

NTDPIF:  http://www.nt.gov.au/dpif/rangelands

• information related to the NT pastoral industry.

Bureau of Meteorology:  http://www.bom.gov.au

• greenness images of Australia from January 1997.

Fire ecology websites
Tropical Savannas Cooperative Research Centre,
Darwin: http://savanna.ntu.edu.au

• overview of research programs in northern Australia
including a demonstration of a GIS system for the
Victoria River Downs district of the NT.

CSIRO Tropical Ecology Research Centre, Darwin:
http://www.dar.dwe.csiro.au

• overview of their research programs including a
series of fire-related information sheets.

Australian National University, Canberra:
http://online.anu.edu.au/Forestry/fire/FNET/
introtofirenet.html

• Fire-Net ‘the on-line information service for
everyone interested in rural and landscape fire’.

Remote sensing information
Further information on the technical characteristics
of these and other satellites is available from:

ACRES: http://www.auslig.gov.au

NASA: http://www.nasa.com

DOLA: http://www.rss.dola.wa.gov.au

SPOT: http://www.spotimage.com

Landsat: http://landsat7.usgs.gov

http://landsat.gsfc.nasa.gov/main/documentation.html

http://ltpwww.gsfc.nasa.gov/IAS/handbook/
handbook_toc.html

NOAA-AVHRR: http://poes2.gsfc.nasa.gov/
history/history_home.htm

http://www.saa.noaa.gov/

Tutorials
http://rst.gsfc.nasa.gov

http://www.ccrs.nrcan.gc.ca/ccrs/eduref/tutorial/
tutore.html

http://www.ccrs.nrcan.gc.ca/ccrs/eduref/youthkit/
edukite.html
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8. Global trends and fire management

The future
Over coming decades, north Australian savannas will
be affected by major global trends including
advancing technology, increasing populations,
globalisation of markets, increasing carbon dioxide
concentrations and changing climates. Locally,
increasing pressure is being applied to land managers
to demonstrate ecological sustainability.  At the same
time, multiple land uses are emerging in this region
where pastoralism has dominated in many areas for
the past century. Land tenure issues to do with native
title rights are still being resolved, and on many
properties land management goals are shifting to
incorporate aspects of commercial pastoralism,
tourism and traditional Aboriginal land use. In this
chapter we will look at some of these trends in more
detail to see how they will affect fire management in
Australia’s tropical savannas.

Greenhouse issues and carbon trading
By the end of the 21st century the atmospheric
concentrations of carbon dioxide and other
greenhouse gases will most likely be double their
pre-industrial levels. These changes are likely to affect
climates and may increase sea-levels around the
world.  In north Australia there has been a general
increase in heavy rainfall over the past century.  This
trend is consistent with the predictions from climate
models under enhanced greenhouse conditions. The
frequency of extreme events such as floods and
droughts will probably increase.  The best predictions
for precipitation are that wet season rainfall in north
Australia could decline by up to 8%. By the year
2030, temperatures are likely to increase by 0.4–
1.4°C inland and by 0.3–1.0°C in coastal regions
of north Australia. (See Australia’s Second National
Report under the United Nations Framework
Convention on Climate Change: http://www.
greenhouse.gov.au/)

As well as affecting climate the increasing carbon
dioxide concentrations are likely to lead to
increased plant growth. Trees and shrubs will
probably be favoured more than tropical grasses.
However, increasing temperatures may offset some
of these gains. For example, the dominance of
Mitchell grass could be put at risk in many areas
by even a 1°C rise. The increased demands for
water by plants, coupled with decreased rainfall
and possibly fewer rain days, could increase water
stress on plants leading to north Australian
ecosystems becoming more arid.

Higher temperatures may also cause fuels to become
drier thus the rates of fire spread may increase with
a resultant rise in fire intensities. This increase in
intensities would be about 2% for each 1°C rise in
temperature. However, possible changes in wind
speeds, for which we do not have good predictions,
would have a much greater affect. An increase in
average wind speeds of 1 km/h could increase fire
intensities by up to 20%.

Around 30% of Australia’s human-induced
greenhouse gas emissions are from land-management
based activities including cropping, grazing, land
clearing and forestry. Worldwide, fires lit by people
in savannas are also important sources of greenhouse
gases that affect the atmosphere and climate. In
Australia, greenhouse gases from burning of savannas
and grasslands comprise about 2% of the total human-
sourced emissions of these gases (Table 8.1).

Most of the savanna burning comes from north
Australia with Queensland, Northern Territory
and Western Australia accounting for more than
98% (Figure 8.1). The figures for Western Australia
include substantial burning in the Pilbara and
Hamersley Ranges outside of the tropical
savannas.

Table 8.1  The relative contribution of savanna burning to Australian emissions of greenhouse
gases in 1996. CO2-equivalent emissions (Gg). Under the current greenhouse protocol CO

2
 is not seen as a

significant net emission from savanna fires as virtually all CO
2
 emitted by fires is considered to be reabsorbed by vegetation regrowth.

Source CH4 N2O Perfluorocarbons Total % total

Savanna burning 5707 4319 0 10,026 2.4

Australian total 109,215 24,192 1484 419,217 100

Source: National Greenhouse Gas Inventory Committee (1998), National greenhouse gas inventory 1996, Australian
Greenhouse Office, Canberra.

by Garry Cook
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In order to reduce the impacts of the enhanced
greenhouse effect, a range of international initiatives
are designed to reduce greenhouse gas emissions
and increase carbon storage (see http://www.
greenhouse.gov.au). The impacts of these initiatives
on savanna burning are yet to be worked out.
Frequent fires keep the density of trees and
consequently the amount of carbon stored in
savannas below what is possible for particular
climates and soil types. In many pastoral regions
the exclusion of fires has lead to increased thickening
of woody vegetation, while in other areas very
frequent fires are suppressing tree growth. In the
future, carbon trading could allow the carbon storage
in trees to have a commercial value that might offset
reductions in pastoral productivity resulting from
tree thickening. However, there are still substantial
scientific issues to be clarified and agreed on before
carbon trading could be a realistic source of income
for tropical savanna land. The challenge will be to
develop burning strategies to optimise potential
economic gains from increasing carbon storage as
well as from sound pasture management. It will also
be a challenge to manage for biodiversity with
burning if carbon storage is in the mix of land
management goals. For further information on
climate change issues and the greenhouse effect see
http://www.ipcc.ch/.

Globalisation of markets
In general, rangeland ecosystems are unable to
provide high volumes of livestock and the supply
of stock is highly dependant on climatic variability.
Rangeland produce is usually strongly affected by
global market forces but unable to influence them.
Over the next decade, globalisation of economies
is likely to lead to a continued downward pressure
on prices of agricultural commodities. In northern
Australia, live cattle exports are important regionally,
but changes in beef production in Europe or the
Americas could have major impacts on Australian
production.

Developing niche markets is one possibility to ensure
continued economic viability. Taking advantage of
sustainable production systems and beef that has
been produced without chemical additives could
help ensure sustained market access and market
advantage for beef from north Australian savannas.

Some system for demonstrating sustainability would
be required to gain this market advantage. Adopting
accredited environmental management systems such
as ISO 14000 is one possibility. This international
standard requires that the potential impacts of
management activities are considered and steps taken
to minimise those impacts. Protocols to monitor the
impacts and continually improve management to
reduce those impacts are also required. Fire, being
one of the cheapest land management tools in north
Australia, would need to be considered within any
such framework. Clearly, the research into fire impacts
and the monitoring systems already in place and being
developed will be critical (see Chapters 4 and 7).

Western Australia 56%

Northern
Territory

31%

Queensland
11%

All other
states 2%

Figure 8.1  Greenhouse gas contributions

The relative contribution of each northern state to all of
Australia’s greenhouse gasses emitted by savanna and
grassland burning. Source: National Greenhouse Gas
Inventory Committee (1988), National greenhouse
inventory 1996, Australian Greenhouse Office, Canberra

Live cattle export

D
PI

F



124

Biodiversity
The Commonwealth Environment Protection and
Biodiversity Conservation Act 1999 aims to promote
the conservation of biodiversity through
cooperative approaches to the protection and
management of the environment involving
governments, the community, landholders and
indigenous peoples. Land managers will need to
deal with issues of biodiversity conservation, but
there are many gaps in knowledge about how
pastoralism and fire interact in their effects on
biodiversity of Australian savannas. Further research
will be needed to provide information to ensure
that land management practices allow natural
ecosystems to be sustained.  However, information
alone will not ensure these ecosystems are
sustained—there may need to be policy, economic
and cultural changes as well.  Monitoring will play
a key role here and, in the future, land managers
may need to play a larger role in monitoring
biodiversity as part of an adaptive management
framework.

Air quality
In 1998, all Australian states and territories agreed
on a set of national air quality standards. These assist
in ensuring that all Australians enjoy the benefit of
equivalent protection from air pollution. Because
smoke from fuel reduction burning and bushfires
can have wide reg ional impacts and affect
communities far removed from the burn site, these
standards may impact on burning practices.

Bushfire smoke affects human health mainly because
of inhalation of tiny particles that increase the
prevalence of a range of respiratory and cardio-
vascular conditions in people exposed to them.  The
current air quality standard allows a limit of five
days each year when more than 50 g of such particles
can occur in one cubic metre of air.

Experience in Sydney suggests that these standards
should not unduly affect fire management. There,
in 1997, fine particle concentrations were measured
when smoke from prescribed burning covered the
city for three days. Despite the persistence of this
highly visible blanket of smoke, the ambient air
across Sydney did not exceed the new Australian
standard. Although this is only one example, it shows
that hazard reduction burning can still be carried
out without breaching standards of air quality.

Biodiversity is influenced by savanna fire regimes.

The damaging effects of savanna wildfires often
impacts urban areas, Northern Territory News.

Fire approaches suburbs in Palmerston near Darwin.
Bushfire smoke affects human health.
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There are however, no known threshold levels of
particles below which impacts on human health cannot
be detected—even very low concentrations may cause
some problems. Because of this, a common philosophy
taken by environmental authorities is that emissions
of particles should be reduced to the lowest extent
feasible. Land managers proposing to use fire as a
tool to protect life and property and manage the
environment should therefore make every effort to
consider the potential health impacts of their activities.
In particular, the redistribution of smoke due to
atmospheric circulation patterns needs to be taken into
account in order to limit the potential impact of smoke
on large population centres.

For further information, see the National Environment
Protection Measure (NEPM) for ambient air quality
http://www.nepc.gov.au/air/air_nepm.6.98.html.

An appropriate management system
Our ultimate goal must be to develop fire regimes that
give the best possible outcomes for society’s diverse aims
in land management.  Appropriate fire regimes will differ
across environments and land uses of northern Australia,
but, to varying degrees, all the issues described and many
others will need to be taken into account.

Clearly, this ambitious goal represents a major
challenge to land managers, researchers and legislators
of north Australia.  Adaptive management principles
will be crucial  (Figure 8.2).  The primary questions
are ‘What do we want from our environment?’ What
do we want for tree density, pasture quality,
conservation status, the air about us?

These questions need to be asked and answered at
various scales ranging from small patches of
vegetation, to catchments, regions and the whole
of north Australia. No simple answer will address
all these concerns across all these scales, but rather a
process is needed that will continually refine
management and ensures that it meets the diverse
and gradually changing goals of the broader society.
Clearly, good communication across a social network
will be key to this process.

The next step is determining how fire can help to
achieve those land management goals. What regime
of fire frequency, timing, intensity and patchiness
should we aim at? How will these vary from patch
to patch, property to property, region to region,
industry to industry? Much is already known about
short- and long-term effects of fire but there are
still many gaps in the knowledge. Once a suitable
fire regime has been decided upon, appropriate on-
ground fire management techniques need to be
applied. These must take into account the economics
of fire management. We then need to monitor both
the fires themselves and their impacts and provide
feedback for better fire management.

Are we achieving the fire regimes we want? Are
they having the environmental effects we predicted?
What do we need to change? Again, good com-
munication will be essential to ensuring that not
only is up-to-date information available to help this
process, but everyone with a legitimate interest in
the outcomes can participate in the decisions.

Land
management

goals
A monitoring

program
What fire regimes are we achieving?

What are the key aspects
of land condition?

Estabishing a
fire strategy

Taking account of the short- and 
long-term effects of fire regimes

across the landscapes and
climates of north Australia

Revising fire
strategies to better

achieve land
management

goals
Setting the vision

Assessment and review

Are we
having the

desired impact?

Figure 8.2  Fire strategies in the context of land management
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Native title and fire
management
In 1992, in what has become known as the Mabo
decision, the High Court recognised native title
rights of indigenous people. Those rights derived
from a connection to land based on traditional laws
and customs, including the use of resources or
management of land in accordance with tradition.
The Native Title Act, proclaimed in 1993, gave
statutory effect to Mabo, but provided for alienation
of native title where rights had previously been
granted to others. However, in the subsequent Wik
decision (1996), the High Court ruled that the grant
of pastoral leases did not necessarily extinguish native
title. The Court determined that some rights could
coexist with a pastoral lease issued under statute
(as distinct from under the superseded Royal
prerogative). Where the statute or instrument
provided a specific right to the holder of a title, this
right prevailed over any conflicting native title
interests. Where the rights provided by the title were
not in conflict, it was possible for native title rights
to be exercised.

Pastoralists perceived threats to the security of their
tenure and reacted strongly to the decision, arguing
that coexisting native title compromised lease-
holders’ capacity to use leases in the manner
intended. The Howard Government responded by

introducing amendments to the Native Title Act to
unambiguously protect the rights of leaseholders
to undertake existing activities. These amendments
took effect in 1998.

The revisions provide for diversification of pastoral
activity to include agriculture, forestry, aquaculture
and tourism—without attracting the ‘right to
negotiate’. Such diversification and associated
developments require acquisition of native title
rights and compensation, the costs being met by
Government (the public) rather than the
leaseholder. Some constraint was placed on the
extent of diversification on larger leases (>50 sq.
km), so that no more than 50% of the lease could
be used for non-pastoral purposes. For clarity, a
note was added to a relevant section of the
legislation stating that native title holders are
subject to laws of general application, a position
which was the law in any event. For example, if all
persons were prohibited from lighting fires, the
native title holders would also be subject to this
general prohibition. How else might these
provisions relate to the use of fire?

Aboriginal people in the Australian savannas
describe the use of fire as integral to their lives and
normal activity. Constraints on rights to use fire
therefore would constrain many other activities that
are integral to any meaningful exercise of native

A private pastoral
perspective
Clearly Native Title legislation has added to the
complexity of managing leasehold land in Australia.
Until the laws are clarified over the next decade or
two, implications for individual leases may be quite
different, and discussions of its implications will not
be straightforward..

However the following general facts are pertinent
to the issue.

• Fire is critical to the sustainable management
of the majority of pastoral leases in the tropical
savannas.

• Equally the prevention of unplanned or
unwanted wildfires is a critical priority aspect of
station management to which pastoral enterprises
devote considerable financial and management
resources.

Managing the Risk of Fire
Fire represents one of the risks, if not the greatest
r isk of short term financial ruin of pastoral
enterprises. For this reason alone I cannot imagine
any pastoral manager or the industry at large
delegating or negotiating their ability to properly
manage this risk. Protection of pasture resources,
livestock welfare and economic viability are the
paramount concerns that will be little affected by



127127

title rights, including maintenance of spiritual
connections with land.  The extent to which such
considerations might ultimately affect use of fire in
the exercise of native title rights will depend on the
detail of legislation covering fire management and
the circumstances in which use of fire is sought.
For example, law relating to fire often provides
options for its use under a range of circumstances
and to meet a range of land management objectives
(e.g. to assist in mustering operations), rather than a
general prohibition.

Most land managers in northern Australia employ
fire as an important tool and seek considerable
discretion in its use. Rather than being caught in
some general prohibition, customary use of fire on
areas where Aboriginal people have native title rights
might be influenced by arguments about the
compatibility of that use with the activities for which
statutory title has been issued. Further, when
deciding whether to make an order which regulates
or prohibits fires, a Minister (or other relevant
person) might in some cases—if an Aboriginal group
is especially dependent for sustenance on using fire,
for example—have to consider what effect such an
order may have on Aboriginal foraging practices.
Depending on the circumstances, a failure to at least
consider the issue might be an error of law and
capable of being reviewed.

Elsewhere in this book we have summarised the
importance of fire use for maintaining biodiversity
as an essential component of sustainable land
management. One of the most important observations
is that there is no single prescription to produce the
best results for wild plants and animals. Diverse fire
regimes are necessary to produce the varied landscapes
that support diverse wildlife populations. Patterns of
fire use developed by Aboriginal people can play an
important role in management for biodiversity.

The existence of native title rights clearly adds another
layer of complexity to the already complicated choices
that land managers must make about fire use and
management. But accommodating multiple views of
acceptable practice and seeking management
solutions that integrate different perspectives is an
obligation that comes with the globalisation that
character ises contemporary economic and
production systems.

The Native Title Act provides mechanisms for
reaching and formalising agreements about
relationships between native title rights and other
rights in an area. Such agreements are likely to
become an important part of the social and resource
management landscape of northern Australia, and
this may include the way in which we manage fire.

by Peter Whitehead

accommodating multiple viewpoints on acceptable
fire practice. Good fire defenses require good
planning and preparation and the ability to respond
to cr isis situations with absolute surety and
management control.

Fire in Management
Good practice in fire management is surely based
on a good understanding of the system and the
implications of various management strategies. This
knowledge can obviously come from a number of
sources and approaches, but I can think of very
few successful examples where legislation has
actually been anywhere near as effective (if at all)
as education in improving the current situation. It

is highly unlikely that the Native Title legislation
(introduced for entirely different purposes) will
be a catalyst for improved fire management or
sustainablity of enterprises and properties in the
tropical savannas, whether they be pastoral leases,
or any other affected forms of land tenure. However
in any potential conflict between rights of pastoral
lessees and native title holders it is hard to think
of a clearer case in which the right of the pastoral
lessee must prevail, than that in which the ability
of the pastoralist to protect and manage the
resource and assets which underpin their enterprise
is threatened.

by Tom Stockwell
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The role of technology
Technology cannot help set the goals for land
management, but it can help in developing land
management practices to achieve those goals and
monitor how well we are doing. For example, it
will be no easy task to establish what is an
appropr iate fire reg ime to take account
of all the environmental, ecological, legal,
sociological and economic issues confronting even
a small part of north Australia. This increasing
complexity is making the choice of optimal fire
management strategies more difficult. However, the
tools to consider such a range of issues are also
improving. The challenge is to collate existing and
new information in ways that can best assist land
managers across the diverse environments and
ecosystems of the north. Computer and information
technology will be crucial to meeting that challenge.
Recent advances in understanding and predicting
fire behaviour, fire impacts and fire occurrence all
rely on modern computer technology. However,
work is still need to develop these into practical
tools to assist land managers make sound decisions
about fire management.

Fire behaviour
Research into patterns of fire spread over the past
two decades has enabled much better predictions
of fire behaviour. The spread of fire under different
conditions can be simulated with considerable

accuracy using computers. However, the practical
application of such fire spread models is currently
restricted by the limited availability or expense of
digital terrain maps and insufficient data on the
typical wind behaviour expected throughout the
year across the vast landscapes of north Australia.
Further development of fire behaviour models
could improve the on-ground management of fires.

Smoke management
One of the major public concerns about the use of
fire is smoke management. Predicting the spread of
smoke from fires using atmospheric circulation
models has helped maintain public support by
allowing fire strategies that reduce the movement
of smoke towards cities to be developed.  Improving
this predictive capability and using it to plan burning
operations is a critical issue in many areas where
human populations can be affected by smoke.

Fire impacts
The impacts of fire on native fauna and flora are
well documented for some sites in north Australia.
Our ability to extrapolate that knowledge to other
sites and to the range of possible fire regimes is still
in its infancy. Computer models are now providing
a way of carrying out this task. For example, the
recently developed FLAMES model integrates existing
knowledge on the impacts of fire and climate on
populations of savanna trees. Adding information
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on the dynamics of grass and animal populations
could enable this model to investigate the long-
and short-term effects on savanna ecosystems of
different fire regimes. This approach would be
particularly valuable where changes in tree density
over time is an issue, as with carbon storage. The
emissions of greenhouse gases and atmospheric
pollutants under different fire manage-ment regimes
can also be estimated from such computer models.

Fire occurrence
Satellite remote sensing is the only practical
approach to routine monitoring of fires and mapping
of fire history at scales appropriate for north
Australia. The potential accuracy of fire scar mapping
increases with increasing resolution in time and in
space of the imagery, but so does the cost.  However,
the technology is improving and experience in its
use is growing.

As the technology to map fire scars improves, land
managers will increasingly be able to use this
information to see the spread of their controlled
fires. Already maps of fire scars across northern
Australia can be downloaded from the Internet (see
Chapter 7).

Conclusion
In many parts of north Australia, fire is being
rediscovered as a land management tool; it will
remain the cheapest way of managing pastures and
trees in north Australian savannas for the foreseeable
future. Nevertheless, its use has long been questioned
by people legitimately concerned about its potential
impacts on feed availability, as well as on life and
property. Increasingly, issues of air quality,
biodiversity and greenhouse gases are being added
to that list.

Savanna burning has an important role across
north Australia but, in the face of the increasingly
complex ar ray of issues confronting land
managers, its use must become increasingly
sophisticated. Good communication will be
essential.  Fire management must be seen by land
managers and by the public as a safe, effective
and efficient land management tool that does
address society’s concerns and goals. Fortunately,
although the questions for land managers are
getting harder, the technology to answer them is
improving. The challenge is for fire researchers
and land managers to develop those tools so that
decisions about the use of fire can take account
of all the relevant concerns.
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aerial control burning—ACB; strategic aerial
burning operations undertaken from a
helicopter or aeroplane to develop typically
linear firebreaks, especially useful in remote
and rugged terrain

annual plants—plants whose reproductive life cycles
are completed within one year

backing fire—fire burning into the wind
back-burn—a backing fire often applied in fire

control operations as a means for directing
a relatively low-intensity fire into the path
of an oncoming wildfire

char height—the height of flames indicated by
burnt, blackened (i.e. ‘charred’) leaves that
remain on the tree or shrub

curing state—the proportion (%) of brown dead
matter to green living matter in the ground
cover (grass and litter) fuel load

fire behaviour—physical attributes of individual fires:
height and depth of flames, rate of spread,
intensity, size and shape of various burning
fronts, and intensity

firebreak—any break, whether constructed or
natural, which restricts a fire from spreading
further.

fire intensity—the rate at which heat released from
a linear section of the fire front usually
expressed in units of kilowatts per metre of
fire edge, kW/m

fire regime—attributes of fires in any one region
over a number of years including: extent,
seasonality, frequency, intervals between
fires, intensity, patchiness

fire scar—an area of burnt vegetation as mapped
from aerial photography or satellite imagery

fire-sensitive species—plant species which are readily
killed by fires. These typically comprise
obligate seeder species, but also include a
variety of less fire-hardy resprouters which
may be susceptible to relatively low-
intensity fires

fire suppression—activities involved in the
containment and eventual extinguishing of
an unwanted fire

fire weather—the combination of climatic
conditions important for influencing fire
behaviour, i.e. temperature, wind speed,
relative humidity

flaming combustion—the initial phase of the fire
characterised by the rapid combustion of
light fuels such as leaves, litter, grasses

flanking fire—typically relatively low-intensity fires
burning at right angles to the prevailing
wind direction

fuel load—the amount of standing grass and litter
fuel, usually expressed as oven-dry weight
of fuel per unit area (e.g. tonnes per ha; kg
per sq. m)

Geographic Information Systems (GIS)—computer-
based mapping software used for
undertaking often complex landscape-scale
assessments

greenhouse gases—includes those gases emitted from
fires, such as methane and nitrous oxide,
which entrap incoming solar energy and
thus enhance the process of atmospheric
warming

heading fire—fires burning with the wind
heat yield—the heat output from burning fuels,

measured in kilojoules per kilogram of
dry fuel

hotspots—sites detected by thermal satellite sensors
which are relatively hotter than surrounding
areas, such as fire fronts

Landsat imagery—fine resolution satellite imagery
(pixels 30 m x 30 m) used for fine-scale
mapping of fire scars

line ignition—ignitions applied (typically with a
drip torch) with a continuous line of fire
along a fire front

litter—that component of the fuel load comprising
dead leaves, small twigs, etc.

mesic savanna—savanna vegetation occurring in areas
where long-term, mean annual rainfall is
greater than 900 mm

mosaic burning—burning with the intention of
creating small patches, resulting in a
landscape characterised by habitat patches
of different fire ages

NDVI (Normalised Difference Vegetation Index)—
a measure of the ‘greenness’ of vegetation,
derived from NOAA-AVHRR imagery.

NOAA-AVHRR imagery—coarse resolution
imagery (pixels >1.1 sq. km) used for
detecting hotspots, and also for mapping of
fire scars at the broad regional scale

obligate seeder—plants which regenerate solely from
seed held on the plant or in the soil after
adults have been killed by fire

perennial plants—plants which live for two or
more years

perimeter ignition—line ignitions which are lit on
several sides of a burn area so that the fire is
drawn into the centre as it develops

pixel—the minimum area detectable by a satellite
sensor, e.g. 30 m x 30 m for Landsat ETM
imagery; 1.1 sq. km for NOAA-AVHRR
imagery

Glossary
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point ignition—fire ignited from a single point, as in
aerial control burning

prescribed fire—any fire which is lit for management
purposes

progressive burning—the practice of burning areas
progressively throughout the year as fuels
dry out

rate of spread—the speed with which the fire travels,
typically measured as metres per second or
kilometers per hour

resprouter—plants which possess the capacity to
resprout from dormant buds on stems or
from root bases following a fire

riparian vegetation—plant communities found
within or adjacent to rivers and streams

rotational burning—process of burning different
parts of a paddock or specified area
sequentially over a number of years,
typically using fires of different intensities

scorch height—height above ground which leaves
in the canopy are killed by heat, and thus
‘browned’

seed bank—reserve of seeds held either on the plant
or in the soil. Soil seed banks of some
species, especially legumes, may remain
viable for decades

semi-arid savanna—savanna vegetation occurring in
areas where long-term, mean annual rainfall
is less than 900, mm

smoldering combustion—the phase of the fire
following flaming combustion where heavier
fuels such as sticks and logs are slowly
consumed

strategic burning—the use of prescribed fire, including
aerial control burning, to strategically break-
up paddocks, properties or large regions

tactical firebreaks—includes the use of back-burning
and grading operations undertaken in the
course of fire suppression

wet season burning—use of prescribed fire during the
wet season period to reduce fuel loads of
annual grasses, especially Sorghum spp.
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