
43 

Fire management strategies for Pinus radiata plantations near urban areas 

A.G. Bartlett1'2'3 

190 Buxton Street, Deakin, ACT 2601, Australia 
2 The Fenner School of Environment and Society, The Australian National University, Canberra ACT 0200, Australia 

Email: tony.bartlett@anu.edu.au 
3Former Director of ACT Forests 

Revised manuscript received 11 June 2011 

Summary 

The western suburbs of Canberra were established in the 1970s 
adjacent to the Stromlo pine plantation with interface treeless 
buffer widths of between 55 and 82 m. Bushfires in 2001 and 
2003 that burnt through Stromlo plantation provide information 
about the threats from bushfires in radiata pine plantations to 
houses and the effectiveness of some plantation fire management 
practices close to urban areas. 

This paper reviews the scientific basis for fire management in 
Pinus radiata plantations and provides information about fire 
management strategies and the specific measures that were in 
place in the Stromlo plantation. It reviews the 2001 and 2003 
bushfires and their impacts on the Stromlo plantation and adjacent 
urban assets, as well as the effects of fuel management undertaken 
prior to the 2003 bushfire. 

The 2001 bushfire, burning under a Forest Fire Danger Index of 
3 8, destroyed 500 ha of the plantation without any losses ofurban 
assets. The 2003 bushfire, burning under a Forest Fire Danger 
Index of 102 destroyed the remaining 1800 ha of plantation and 
250 houses in the suburbs adjacent to the plantation. Forty-three 
percent of houses in the 125-152-m-wide plantation ember zone at 
the urban interface were destroyed, apparently as a result of heavy 
ember attack. The width of the existing buffers had little impact 
on the proportion of houses lost. A low-intensity prescribed burn 
conducted in 2001 reduced the fire intensity in the plantation but did 
not reduce the proportion of adjacent houses that were destroyed. 

Drawing on this information, the paper identifies where further 
research is needed and recommends minimum buffers of 150 m 
between pine plantations and urban assets in order to reduce the 
risk of house losses from ember attack during intense bushfires. 

Keywords: management; forest fires; urban planning; urban areas; 
interface; homes; embers; fire breaks; plantations; radiata pine 

Introduction 

The south-western suburbs of Canberra around Weston Creek in 
the Australian Capital Territory (ACT) were established in the 
1970s adjacent to the Stromlo pine plantation. This plantation, 
which covered 2300 ha, consisted ofradiata pine (Pinus radiata) 
of variable age classes, much of which was originally planted in 

the 1920s to reduce land degradation and to minimise the impact 
of city lights on the operations of the Mt Stromlo observatory. 
The plantation area around Narrabundah Hill was established 
in 1969 and was located adjacent to and on the northern and 
western perimeters of the suburbs of Holder and Duffy, which 
were established in 1970 and 1971 respectively. 

The Stromlo plantation was heavily used for recreation by the 
Canberra community, but was managed as part of ACT Forests' 
16 000 ha of commercial pine plantations. In the 1990s and early 
years of the 2000s the local residents protested strongly about the 
ACT Government's plan to convert some of the plantation to a 
residential area, as well as ACT Forests' plans to harvest mature 
pines and control weeds at Narrabundah Hill. Over the years, there 
were many small deliberately lit fires within the plantation, all of 
which were controlled without significant losses. In February 1952 
a lightning-caused fire, which started 10 km west ofMt Stromlo, 
burnt through the pine plantation on Mt Stromlo and farmland 
around Narrabundah Hill, destroying 341 ha of plantation, 2750 ha 
of grassland and some buildings at the Mt Stromlo observatory. 

On 18 January 2003, when an intense bushfire burnt through the 
Stromlo pine plantation and subsequently destroyed many houses 
in the adjacent suburbs, some people questioned the fire risks 
associated with pine plantations in proximity of urban areas. Some 
submissions to the ACT Government's Non-Urban Study following 
the 2003 bushfires saw the near-urban forests and especially the 
pine trees as being a serious hazard that should not be reinstated 
(ACT Government 2003). The spectacular video images of mature 
pines adjacent to urban residences engulfed in flames, that were 
broadcast on national television, helped generate popular opinion 
that pine plantations are an inherently greater fire risk than other 
vegetation. The Inquiry into the Operational Response to the 
January 2003 Bushfires in the ACT (McLeod 2003) concluded that 
'corridors of highly volatile vegetation, such as the Stromlo pine 
plantation, obviously aided the passage of the fires' and that 'the 
wisdom ofhaving a pine plantation very close to the edge of a large 
city is highly questionable'. In my opinion, much of this sentiment 
about the bushfire hazard of radiata pine is not necessarily borne out 
by scientific evidence, but rather driven by impressions or perhaps 
in some cases by personal prejudice against pine trees. 

The bushfire that destroyed the Stromlo plantation and houses in 
Canberra originated on 8 January 2003 from a lightning strike 
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at Mcintyre's Hut in native forest within the New South Wales 
(NSW) Brindabella National Park, 27 km north-west of the 
Canberra suburbs. On the same day, three other lightning-caused 
fires occurred in native forest within the ACT Namadgi National 
Park and these fires joined with the Mcintyre's Hut fire on 
18 January 2003. The NSW Rural Fire Service implemented an 
indirect fire suppression strategy covering about 10 000 ha on the 
Mcintyre's Hut bushfire, but the fire broke containment lines on 
both the eastern and western flanks on 17 January. 

On 18 January, under fire weather conditions that are now rated 
as catastrophic, the Mcintyre's Hut bushfire burnt a distance 
of 15 km in eight hours from the NSW-ACT border through 
farmland and radiata pine plantations to the Canberra suburb 
of Duffy. The bushfire impacted on 4.2 km of urban interface 
adjacent to the Stromlo plantation in the suburbs of Duffy and 
Holder, where a total of250 houses were destroyed. It also burnt 
through grassland and native vegetation and destroyed another 
23 7 houses in urban and rural areas of the A CT. During the period 
of the 2003 bushfires, 157170 ha or about 70% of the ACT was 
burnt, four people died, 435 people were injured, 487 'houses 
and 23 commercial premises were destroyed (Doogan 2006). 
It is significant that 82% or 400 of the total number of houses 
destroyed were within the Canberra suburbs. 

While it is clear that houses adjacent to grassland and native 
forests were also destroyed in other Canberra suburbs, it was 
the planning and management arrangements for pine plantations 
that received most attention after the 2003 Canberra bushfire. 
McLeod (2003) recommended that 'high risk developments, 
such as commercial plantations, should not be located in the 
(bushfire abatement) zone', located west and north-west of city. 
The NSW Government also reviewed its planning arrangements 
for plantations adjacent to residences following the 2003 bushfires. 
In 2010, an amendment was passed to the NSW Plantations and 
Reforestation Code Regulation, which prohibits the establishment 
of plantations within 70 m of a habitable dwelling. Prior to this, 
the controls only related to construction of dwellings close to 
plantations, with the need to maintain an asset protection zone 
of between 20 and 60 m depending on slope (NSW Rural Fire 
Service 2001). 

The most significant factors influencing the impacts of plantation 
fires close to urban areas relate to the location and proximity of 
the plantation from residences, the fuel loads within the plantation 
and around residences and the intensity of the wildfire. Radiata 
pine is a fire-sensitive species and trees may be killed by even 
moderate-intensity fire, which makes it difficult, although not 
impossible, to use prescribed fire to reduce fuels within pine 
plantations. Low-intensity fires (<500 kW m-1) in pine litter 
and pruning slash cause little damage in trees more than 16 y 
old. However, heavier slash from thinning operations close to 
trees, or smouldering logs against trees, will cause quite severe 
damage to the trees. 

There is a need to re-examine fire protection strategies for radiata 
pine plantations, particularly the issues of setback distances 
from urban areas and high-value assets and the effectiveness of 
prescribed burning. The 2003 ACT bushfire provides a useful 
case study which should be considered by planning authorities 
and plantation managers when radiata pine plantations are located 
in proximity to urban areas. 

Scientific basis for radiata pine fire management 
strategies 

In order to provide some context to the fire management strategies 
used by ACT Forests in the Stromlo plantation before the 2003 
wildfire, information from relevant fire research is summarised 
below. A more complete treatise of this subject can be found in 
Forest Fire Management Group (2006), which summarises the 
knowledge of the way in which wildfires behave in plantations 
and the actions that can be taken to protect softwood plantations 
and their adjoining communities from wildfire. 

The risk of loss of radiata pine plantations from 
fire 

The history of fires in Australian radiata pine plantations is that 
most fires are contained without significant loss of plantation 
assets. For example, from 1974 to 1994, Victoria recorded 308 
fires affecting plantations. These fires burnt about 5% of the 
106 000 ha of the then state-owned pine plantations, with an 
average fire size of 18 ha (CFA/DCNRNPC 1994). 

Most of the significant radiata pine plantation fires around 
Australia have destroyed less than 2000 ha of plantation each. 
In the ACT, prior to 2003, about 2500 ha of plantation had been 
destroyed over an 80-y period, which is an average loss of about 
30 ha a year. Around Australia, most losses have resulted from 
fires that have burnt into pine plantations from adjoining native 
forest or grassland under severe fire weather conditions, rather 
than from fires that commenced in pine plantations. In Victoria, 
statistics indicate that only 25% of plantation fires originate 
outside plantations, but account for 90% of the area burnt (CFA/ 
DCNRNPC 1994). The biggest losses ofradiata pine plantations 
from fire occurred in 1983, including 21 000 ha in South Australia, 
6457 ha in New South Wales and 2339 ha in Victoria. 

In recent years, however, the risk and impact of plantation 
fires appears to be increasing. The January 2003 ACT bushfire 
destroyed 10 500 ha of radiata pine plantation with a standing 
timber value of $56.142 million in a few hours. This included 
three plantation estates, located at Pierces Creek, Uriarra and 
Stromlo, separated by a north-south distance of 25 km. Over 
four days in December 2006, fire destroyed 10 866 ha of Forests 
NS W's radiata pine plantation estate east of Tumut, including 
8270 ha ofradiata pine trees and 1256 ha of pine logging slash. 
In the disastrous February 2009 Victorian bushfires, Hancock 
Victorian Plantations lost 11 600 ha of radiata pine plantation, in 
four separate fires, with the largest single loss being 4000 ha in 
the Mudgegonga fire. 

Fuels in radiata pine plantations 

The fuel loads and fuel arrangements in radiata pine plantations 
vary greatly with the stages of growth and the silvicultural 
operations that have been applied, but the most critical factors 
relate to the quantity of fine fuel (less than 6 mm diameter) and 
the horizontal and vertical continuity of the fuel. Most commercial 
radiata pine plantations are thinned two or three times during 
the rotation and clearfelled at about 30 y of age. Some areas of 
pine plantations are pruned either for fire protection reasons or 
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to produce knot-free timber. Thinning and pruning disrupt the 
horizontal and vertical continuity of fuel, but add fuel to the 
forest floor. 

Forrest and Ovington (1969) found that radiata pine foliage reaches 
an equilibrium value of 10 t ha-1 between ages of 7 and 10 y, 
which generally coincides with canopy closure. Williams (1976) 
measured fuels in unthinned 12-y-old radiata pine plantations 
stocked with 1400 trees ha-1 and found that the total fine fuel (on 
the ground and within the trees) was 22.6 t ha-1 and that the fine 
fuels constituted about 16% of the total ground and canopy fuels 
(biomass) of 138 t ha-1. He found that only 5.6 t ha-1 of the fine 
fuel was on the ground and that there was 12.0tha-1 oflivingfine 
fuel and 5.0 tha-1 of dead fine fuel in the canopy. Of the living fine 
fuel, 7.7 t ha-1 was green needles and he estimated that the annual 
shedding and replacement of needles was 2.6 t ha-1. 

Woodman and Rawson (1982) found ground fuels in radiata 
plantations from 10 to 30+ y reach an equilibrium value of about 
10 t ha-1 from an age of 15 y. Woodman and Rawson (1982) also 
found that following canopy closure (7-10 y), most of the additional 
biomass as the plantation grows is added in the stems of the trees, 
increasing from about 100 t ha-1 to 400 t ha-1. The branch biomass 
increases slowly from about 20 t ha-1 to about 40 t ha-1, while the 
foliage biomass remains relatively constant, only reducing in times 
of drought when accelerated needle shed occurs. 

Fuel loads are not routinely measured in pine plantations, because 
the research evidence shows that for about half to three-quarters 
of the rotation the ground fine fuels are in equilibrium. Because 
ground fine fuels in radiata pine plantations generally do not 
exceed 10 t ha-1 and because prescribed burning of native forests 
only aims to reduce fine fuels to 8 t ha-1, in most situations radiata 
pine plantation managers consider there is little benefit to be 
gained from conducting prescribed burning. 

Impact of thinning and harvesting operations on 
fuel loads 

Thinning of trees in a plantation significantly changes the fuel 
distribution and the quantity of fine fuels on the ground, at least 
for a few years. The short-term fire hazard increases because of 
increased ground fuel quantities, increased exposure of dead fuels 
to the drying effects of the wind and sun, and greater penetration 
of the wind into the stand during a fire. 

Williams (1978) studied the effect of two alternative forms offirst
thinning operations in a 12-y-old radiata pine plantation. Third-row 
outrow thinning, which reduced stocking by about one-third, added 
7.2 t ha-1 of fine fuel and 11.9 t ha-1 of heavy fuel. Sixth-row 
outrow plus within-bay thinning, which reduced stocking by about 
one-half, added 7.7 t ha-1 of fine fuel and 18.3 t ha-1 of heavy 
fuel to the ground fuels. Woodman and Rawson (1982) reported 
the impact of a second thinning operation (50% reduction in 
stems per hectare) at age 18 y, indicating that about 18 t ha-1 of 
slash fuels were added to the ground, of which about 1.9 t ha-1 was 
living and dead needles. They also reported that about 50% of the 
elevated needle fuel can be expected to fall from the logging slash 
within 1 y of a thinning operation and 80% falls within 3 y, by 
which time the slash is no longer a substantial fire hazard. Existing 
research indicates that in the year following thinning operations 

the level of fine fuels on the ground is likely to be in the order of 
18 t ha-1 and therefore the rate of spread of fire will be increased 
by about 75%, compared to an unthinned stand. 

When a radiata pine plantation is clearfelled, up to 400 t ha-1 of 
merchantable log products (sawlogs and pulpwood) are removed, 
leaving an estimated 50 t ha:-1 of branch material and foliage as 
logging slash on the site. This material is generally broken up and 
partially incorporated into the soil as part of the site preparation 
operations for a new plantation. In situations where there is no 
market for pulpwood and the quality of the unthinned trees is 
poor, it is likely that 130 to 250 t ha-1 of branch and stem material 
and 10 t ha-1 of suspended needles may be left on the site after 
clearfelling. In such instances, the fuels need to be removed by 
heaping and burning the debris. 

Fire management strategies for radiata pine 
plantations 

Fire management strategies for radiata pine plantations aim to 
reduce the impacts of fire on both the plantation assets and any 
adjoining assets. The strategies are based on four principles: 

• facilitate rapid detection and rapid deployment of ground-based 
and aerial fire suppression resources for fires that threaten or 
occur within plantations 

• reduce the likelihood of fires originating outside plantations 
from impacting on the plantations 

• implement strategic fire protection works within plantations 
to minimise crown fire development and to provide pre-deter
mined control lines 

• minimise the potential for plantation fires to spread to adjoining 
assets. 

Strategies for reducing the impact of fire on plantations 
include: 

• maintaining detection capabilities and suppression capabilities 
in accordance with the predicted fire danger 

• providing appropriate intensity and standard of access for fire 
suppression resources within and around the plantation 

• implementing hazard reduction in areas of adjacent native 
vegetation and maintaining effective firebreaks around 
plantations 

• implementing strategic pruning within the plantation and 
aligning major strategic firebreaks parallel to and at right angles 
to the direction of the most severe fire weather 

• maintaining fuel-reduced areas and substantial firebreak buffers 
between plantations and residences. 

Strategies for reducing the impact of plantation fires on adjoining 
assets include: 

• providing appropriate buffers between assets and the plantation 

• minimising the occurrence of fire within the plantation 

• reducing fuel loads and prospects of crown fires developing 

• working with other landowners and house owners to reduce 
fuels and ensure that assets are defendable in the event of a 
wildfire. 
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Internal firebreaks are generally recommended to be 6-10 m wide 
and aligned on a grid pattern 600-800 m apart, preferably with 
one dimension aligned to the prevailing direction of the worst fire 
weather. Plantation managers understand that firebreaks will not 
stop the forward rate of spread of high-intensity wildfires and that 
fire intensity often increases near firebreaks because the firebreak 
can act as a channel for wind flow in the plantation. Well-aligned 
firebreaks do, however, give firefighters greater capacity to control 
the flanks of wildfires. 

External firebreaks are generally recommended to be 20 m wide 
and maintained in a low fuel condition with no overhanging 
branches for a vertical height of 10 m. In NSW, these external 
firebreaks or buffers range from 20 to 50 min width depending 
on slope and whether they form part of an asset protection 
zone. 

To enhance the effectiveness of firebreaks, some plantation 
managers modify fuels, through high pruning and shrub removal, 
within adjacent stands for distances up to 80-90 m on the northern 
and western sides of the firebreak and 3 0--40 m on the southern and 
eastern sides of the firebreak. Pruning of trees breaks the vertical 
continuity of fuels, thereby restricting crown fire development. 
Unfortunately, there is limited research data that demonstrates the 
influence of pruning on fire development in radiata plantations. 
McArthur (1965) draws on observations from three plantation 
fires to conclude that, all other factors being equal, a fire in an 
unpruned plantation will spread almost three times faster than one 
in a pruned plantation. However, the one pruned plantation fire 
he studied was in P. pinaster rather than P. radiata. 

Most plantation managers do not routinely treat ground or 
thinning slash fuels, other than in strategic zones, primarily 
because the research shows this to have limited benefit with 
respect to fuel hazards. However, where plantations are located 
close to residences or other assets, fine fuels can be reduced by 
either low-intensity prescribed burning or physical removal. 
Woodman and Rawson (1982) summarised a decade ofresearch 
on prescribed burning of radiata plantations indicating that, under 
carefully prescribed conditions, prescribed burning can be used 
to reduce ground and elevated fine fuels in plantations of 11 y or 
older without damaging the trees. 

Some plantation managers establish Fuel Modified Protection 
Areas, previously known as Crown Fire Free Zones, over large 
strategic areas of the plantation. These areas need to be at least 
200 m wide and the trees should be high pruned in stages as the 
plantation develops. Because of the intermittent nature of severe 
wildfires in radiata plantations there is only anecdotal evidence 
of the effectiveness of this fire management strategy. 

Table 1. Buffer widths in the Duffy-Holder interface 

Plantation setback distance 

Fire protection measures in the urban interface 
zone of the Stromlo plantation 

Grassed buffers existed between the Stromlo pine plantation and 
the roads that formed the outer boundary of the suburbs of Duffy 
and Holder. The minimum setback distances or buffers that existed 
between the plantation and the roads at the urban interface ranged 
from 30 to 53 m. The three streets that formed the north-western 
boundary of these suburbs were at least 10 m wide and therefore 
the average distance from the plantation to the residential nature 
strip ranged from 55 to 82 m (Table 1). These buffers therefore 
exceeded the maximum width of recommended buffer between 
plantations and houses. 

Prior to 2003, all ACT Government land managers were required 
to prepare strategies and actions to manage bushfire fuels on 
their land every two years, which were documented in the ACT 
Bushfire Fuel Management Plan. In the 2000 version of this plan, 
ACT Forests had identified a Fuel Modified Protection Area and 
grazing as the main fuel management strategies for the Stromlo 
plantation. A Fuel Modified Protection Area existed along the 
western interface and part of the northern interface. In this area 
the mature pine trees had been thinned to about 150 stems ha-1 

and high pruned either to 4 or 8 m, depending on the location. 

In addition to the planned fuel management actions, a low-intensity 
prescribed bum was undertaken in the spring of2001 (see Fig. 1) 
in part of the Fuel Modified Protection Area (see Fig. 2) adjacent 
to Eucumbene Drive, Duffy. The purpose of this burn was to 
reduce needle litter and grass fuels in the plantation immediately 
adjacent to houses and to give some protection in case a fire 
occurred in logging slash fuels located about 500 m west of the 
prescribed burn. Following the prescribed burn, it is estimated 
that the fine fuels were reduced to about 2.5 t ha-1 on 80% of the 
area treated. 

In autumn 2002, a high-intensity burn was conducted to remove all 
remaining logging slash fuels in a 56 ha area, located 200-700 m 
from the Duffy urban interface (see Figs 2 and 3), that had been 
clearfelled in 2001. 

The December 2001 Stromlo bushfire 

On the afternoon of24 December 2001, an arsonist lit two fires 
in grassland at Huntly and on the Copp ins Crossing Road west of 
the Stromlo plantation. The bushfires burnt under the influence of 
very strong westerly winds with a Forest Fire Danger Index of3 8. 
One fire crossed the Molonglo River and spread into the Stromlo 
plantation, north-east of Mt Stromlo. Once in the plantation, it 

Location 

Eucumbene Drive W arragamba Avenue Dixon Drive 

Minimum distance to road (m) 30 53 30 
Maximum distance to road (m) 68 106 75 
Minimum distance to nature strip (m) 40 63 40 
Average distance to nature strip (m) 55 82 60 

Australian Forest1y 2012 Vol. 75 No. 1 pp. 43-53 



A.G. Bartlett 47 

quickly developed into a crown fire, and easily crossed a 100-m
wide four-lane freeway. The fire spread at an average of2.5 km h-1 

within the plantation. 

The fire was controlled two days later, having burnt a total of 
1250 ha, including 340 ha of pines and 160 ha of pine logging 
slash, with the remaining burnt areas being grassland. The 
closest the fire within the plantation got to urban assets was 
about 900 m. Although no assets were lost, it did threaten assets 
when it burnt through grassland to within 100 m of houses in 

Figure 1. 2001 Prescribed burn in plantation (photo: Geoff Cary) 

Legend 
- Main roads 
:: : :! 2003 wildfire 
~ Hazard reduction bums 
r;;LI 200 I wildfire 
• 2003 damaged properties 
CJ Stromlo plantation 

the suburb of Curtin and other major assets such as the National 
Zoo, Government House, the Royal Australian Mint and the 
Weston Creek Defence College. The existence of strategic access 
roads, parallel to the direction of the fire spread, greatly assisted 
containment of the northern and southern flanks of the fire within 
the plantation. 

The 2001 bushfire indicated the potential threat to urban assets 
from a plantation fire burning under extreme fire weather 
conditions. During 2002, ACT Forests implemented an intensive 
program to remove the burnt plantation and to reduce all other 
significant fuel hazards within Stromlo plantation. The older areas 
of burnt plantation were salvage harvested, mid-aged stands were 
chipped for biofuel and younger stands were mulched on site. Six 
high-intensity prescribed burns were carried out to remove 170 ha 
oflogging slash fuels. Several strategic roads were re-aligned to a 
more north-west to south-east direction, to provide future options 
for flank control lines. The areas of Stromlo plantation that had 
been affected by wildfire or prescribed burns in the year before 
the 2003 wildfire are shown in Figure 2. This level ofrecent fuel 
management within the Stromlo plantation significantly exceeded 
the planned fuel management agreed to in the 2000 Bushfire 
Fuel Management Plan and it was considered by ACT Forests 
to provide a reasonable degree of protection from bushfires to 
the urban areas. In two locations adjacent to the urban areas, the 
width of the mature plantation was less than 250 m. 

1.8 2.7 3.6 

Figure 2. Locations of Stromlo plantation, adjacent suburbs, the 2001 bushfire and other fuel-reduced areas. 
All the hazard reduction burns shown with the cross-hatch were conducted during 2002. 
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The 2003 bushfire in the Stromlo plantation and 
Duffy interface 

At around 0700 hours on the morning of 18 January 2003, the 
NSW Mcintyre's Hut fire was burning uncontained in eucalypt 
forest on the NSW-ACT border some 15 km north-west of Duffy. 
The bushfire entered the western side of the Stromlo plantation 
as a grassfire at about 1425 hours. It burnt quickly uphill to Mt 
Stromlo and at 1515 hours the head fire reached the urban interface 
in Duffy, at the comer of Eucumbene Drive and Warragamba 
Avenue. Over the next 30 minutes all the houses in the urban 
interface zone adjacent to Stromlo plantation were impacted by 
the bushfire (see Fig. 3). The fire burnt with an average rate of 
spread of5.5 km h-1 within the plantation, which was more than 
double the spread rate experienced in the 2001 bushfire. At this 
time, there was a north-westerly wind in excess of 55 km h-1 

blowing and the Forest Fire Danger Index peaked at 102. 

About 1800 ha of the Stromlo pine plantation was burnt by 
the 2003 bushfire, including the entire plantation that had not 
been burnt by the 2001 bushfire. Almost all of the Mt Stromlo 
observatory buildings were destroyed by the fire, and some 
infrastructure at the Mt Stromlo water treatment facility was also 
damaged resulting in loss of reticulated water in the adjacent 
suburbs. All of the buildings at the ACT Forests headquarters, 
located just to the north of the suburb ofDuffy within the Stromlo 
forestry settlement, were destroyed. 

Legend 

====Fire progression (Doogan) 
-Main roads 
""""- 2003 wildfire 
tz:8l High-intensity slash burns 
!II] 2001 low-intensity burn 
~ 2003 damaged properties 
D Stromlo plantation 

The impact of the 2003 bushfire on houses in the 
Duffy and Holder interface zone 

The suburbs of Duffy and Holder were most affected by the 
bushfire, accounting for 62% of the suburban houses destroyed 
by this fire. The four deaths also occurred in these suburbs and 
the adjacent Stromlo forestry settlement. Between 1500 and 1800 
hours, during which most of the houses were destroyed, the mean 
Forest Fire Danger Index was around 80. The progress of the head 
fire, the locations of the destroyed houses in the interface areas 
and of the fuel reduced areas in the adjacent areas of the Stromlo 
plantation are shown in Figure 3. 

Three streets, Eucumbene Drive, WarragambaAvenue and Dixon 
Drive fanned the interface boundary between Stromlo plantation 
and the suburbs. In these three streets, 56 or 45% of the 125 houses 
directly across the road from the pine plantation were destroyed 
by the fire. Unfortunately there is no information available about 
how many of these houses had residents present to defend their 
houses during the fire. The number and percentage of houses 
lost in each of three interface streets that adjoined the Stromlo 
plantation are shown in Table 2. 

In a bushfire like this, where residences were destroyed up to 
1 km from the urban interface, it is difficult to determine precisely 
which residences were directly impacted by embers from the 

0.5 1.5 

Figure 3. Locations of fire progression, destroyed houses and nearby fuel-reduced areas 
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Table 2. House losses in the interface streets 

Location 
Attribute 

Eucumbene Drive W arragamba A venue Dixon Drive 

Total number of houses 
Number of houses destroyed 
Fraction of houses destroyed(%) 

burning plantation and which residences were impacted by 
embers emanating from the burning houses and urban vegetation. 
However, in an attempt to understand what proportion of the 
250 houses destroyed in the two suburbs adjacent to the Stromlo 
pine plantation were likely to have been ignited by embers from 
the burning plantation, spatial analysis was undertaken of the 
houses that survived or were destroyed along the 4 .2 km of urban/ 
plantation interface. 

In some areas, the number of houses that were destroyed in the 
second row of houses from the interface was greater than the 

Figure 4. Destroyed properties in plantation ember zone 

Table 3. House losses in the plantation ember zone 

Attribute 

56 
25 
44 

49 
19 
39 

20 
12 
60 

number destroyed in the interface row. In addition, some houses 
in the second row were destroyed whereas the adjoining houses 
closer to the plantation survived. On this basis, it is reasonable to 
assume that houses in the first two rows from the interface came 
under direct ember attack from the burning plantation (see Fig. 4). 
In this article, this two-house-wide zone, which was about 70 m 
in width, together with the adjacent treeless buffer width will be 
referred to as the plantation ember zone. The plantation ember 
zone, which in this location had a total width of 125-152 m, is 
the area where a heavy level of ember attack was experienced 
from the adjacent burning plantations. 

The numbers and the proportions of houses destroyed in the 
plantation ember zone along Eucumbene Drive, Warragamba 
Avenue and Dixon Drive in the Duffy and Ho Ider urban interface 
are shown in Table 3. Of the 238 houses located in this zone, 106 
or 43 % were destroyed by the bushfire, even though buffer widths 
generally exceeded 55 m. These 106 houses represented 42% of 
the 250 houses destroyed in the suburbs of Duffy and Holder. 

Adjacent to the Eucumbene Drive and Warragamba Avenue 
interface streets, there were substantial areas where streets within 
the suburb ran parallel to the interface street (see Fig. 3). This 
meant that the houses in the third row from the interface were 
generally separated from the first two rows by a roadway. Overall, 
32% of the houses in the third row were destroyed, compared 
with 43% in the first two rows (Table 4). All except four of the 
33 houses destroyed in the third row were directly downwind 
from other destroyed houses in the first two rows, which makes 
it impossible to determine whether they were ignited by embers 
from the plantation or from other burning houses. 

Location 

Eucumbene Drive Warragamba Avenue Dixon Drive 

Number of houses destroyed in first row 
Number of houses destroyed in second row 
Total number of houses destroyed 
Total number of houses 
Fraction destroyed(%) 

Table 4. House losses in the third row from interface 

Attribute 

25 

26 
51 

108 
47 

19 12 

16 4 
35 16 
92 38 
38 42 

Location 

Eucumbene Drive W arragamba A venue Dixon Drive 

Number of houses destroyed in third row 
Total number of houses 
Fraction destroyed (%) 

16 
45 
35 

15 
39 
38 
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The effect of buffer width on house losses 

There is currently no national standard and considerable variation 
around the country regarding the width for buffers between pine 
plantations and urban residences. The average width of buffers 
and the width of plantation ember zones, together with the relative 
proportion of houses destroyed in the three plantation ember zones 
studied is shown in Table 5. 

In Eucumbene Drive, where there was an average buffer of 55 m, 
47% of the houses in the 125-m-wide plantation ember zone were 
destroyed. By contrast, in Warragamba Avenue, which had an 
average buffer of82 m, 38% of the houses were destroyed in the 
152-m-wide plantation ember zone. Comparing the house losses 
in Dixon Drive and WarragambaAvenue, where both streets were 
aligned in the same direction relative to the plantation, gives an 
indication of the effect of buffer width on house losses. In Dixon 
Drive, where there was an average buffer width of 60 m, 42% 
of the houses were destroyed. In Warragamba Avenue, where 
there was an average buffer width of 82 m, 38% of houses were 
destroyed. This suggests that the width of the buffer only had a 
marginal impact on the proportion of houses destroyed under such 
intense fire behaviour, presumably because the embers from the 
burning plantation were being blown at least 150 m beyond the 
plantation boundary. 

Clearly buffer width is only one factor affecting the likelihood 
of a nearby house being destroyed in an intense bushfire. The 
amount of fuel in the gardens surrounding the houses and the 
presence or absence of people to defend the house would also be 
contributing factors. 

Table 5. House losses in the plantation ember zone 

Attribute 

The impact of prescribed burns on fire behaviour 

About one-third of the Stromlo plantation Fuel Modified 
Protection Area adjacent to Eucumbene Drive had been fuel
reduced in 2001. At the time of the fire, it is estimated that there 
would have been about 5 t ha-I of fine fuels on the ground in the 
fuel-reduced area, compared with about 10 t ha-I of fine fuels 
in the adjacent areas that had not been fuel-reduced. The 2003 
bushfire burnt through both of these areas, but the fire behaviour 
in each area was different. The presence of scorched needles in 
the crowns in the fuel-reduced area (Fig. 5) indicates that these 
areas burnt as a ground fire rather than a crown fire. 

The absence of needles in the crowns in the areas not fuel-reduced 
(see Fig. 6) indicates that these areas burnt under intense ground 
fire and accompanying crown fire conditions. This demonstrates 
that the recent low-intensity prescribed bum did reduce fire 
behaviour within the mature radiata pine plantation in an intense 
bushfire. The high pruning within the Fuel Modified Protection 
Area had an impact on the development of a crown fire only when 
accompanied by recent prescribed burning. 

An area of 5 6 ha in the plantation, to the west ofEucumbene Drive, 
had been subject to a high-intensity slash burn in autumn 2002 
and replanted about five months before the 2003 bushfire. As a 
result, the fuel levels in this part of the plantation were very low 
and characterised by discontinuous grass fuels. The 2003 bushfire 
entered and passed through this area as a grass fire, leaving many 
of the young pines unburnt (Fig. 7). It then entered the adjoining 
area of mature plantation as a ground fire, but quickly developed 
into an intense crown fire as it travelled the remaining 500-700 m 

Location 

Eucumbene Drive Warragamba Avenue Dixon Drive 

Average buffer width (m) 55 82 60 
Plantation ember zone width (m) 125 152 130 
Fraction of houses destroyed(%) 47 38 42 

Figure 5. Impact of 2003 fire in plantation subject to 2001 fuel reduction Figure 6. Impact of2003 fire in plantation outside area of2001 fuel reduction 
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Figure 7. Grass and pines in 2002 slash burn area unburnt by the 2003 fire 

to the urban interface. The recent high-intensity slash burn 
therefore only had a very localised impact on the intensity of the 
bushfire as it progressed through the Stromlo plantation. 

The impact of a low-intensity prescribed burn on 
house losses 

About 43% of the Fuel Modified Protection Area adjacent to 
Eucumbene Drive had been subject to a low-intensity prescribed 
burn about 15 months before the 2003 bushfire. Analysis of the 
house losses in the portion of the plantation ember zone along 
Eucumbene Drive, that was directly downwind of the fuel-reduced 
area during the 2003 bushfire, indicates that 34 of the 49 houses 
( 69%) in this zone were destroyed. Overall in the plantation ember 
zone along Eucumbene Drive 47% of houses were destroyed, 
while in the portions of the zone that were not directly downwind 
of the fuel-reduced area only 17 of the 59 houses (29%) were 
destroyed. 

While it is clear that the recent low-intensity prescribed bum 
did not reduce the proportion of house destroyed in the adjacent 
plantation ember zone, there are other factors that affected 
whether or not the houses were destroyed. The situation was 
complicated by high fuel loads in many of the nature strips along 
Eucumbene Drive, which generated intense fires close to many 
of the residences that were destroyed. 

Discussion 

Radiata pine plantations are very different to eucalypt forests in 
terms of how they are affected by fire and consequently require 
different fire-protection strategies. There is a good scientific 
basis for fire protection and fuel management within radiata pine 
plantations, although there is only limited research information on 
the impact of pruning on fire behaviour. While prescribed burning 
is technically feasible within radiata plantations it is not routinely 
practiced. This study demonstrates that a 1-y-old prescribed 
burn under mature radiata pine moderated the intensity of an 
intense bushfire, but it did not provide any better protection to 
houses located 55 m from the plantation boundary. Implementing 

strategies such as Fuel Modified Protection Areas or prescribed 
burning within radiata plantations, however, may assist with 
suppressing fires under conditions oflow to high fire danger. 

Because most fires originating within pine plantations are rapidly 
suppressed with little loss of assets, the current plantation fire 
protection strategies are generally appropriate. However, once 
the Forest Fire Danger Index exceeds 24, bushfires in radiata 
plantations will be difficult to control. Wherever possible, efforts 
should be made to enhance the network of strategic firebreaks 
aligned with the prevailing direction of worst fire weather to 
assist in controlling the spread of flank fires, as this will limit the 
losses of plantation assets. 

As most of the significant radiata pine plantation losses have 
resulted from bushfires entering the plantations from adjoining 
land, plantation protection strategies require a broader landscape 
approach to fire management. In particular, land on the northern 
and western sides of radiata pine plantations needs to be appro
priately managed to minimise the prospect of fires entering the 
plantation. If these areas are native forest, then regular prescribed 
burning should be implemented to keep fine fuels at low levels. 
External boundary firebreaks 20-50 m wide will provide some 
fire protection, but they will not stop the progress of a bushfire 
once the Forest Fire Danger Index exceeds 32. 

The 2003 ACT bushfire originated from lightning-caused fires in 
mountainous country located more than 25 km from the Canberra 
suburbs. A clear lesson from this bushfire is that greater effort must 
be applied to managing fuels and suppressing bushfires in areas 
of native forest within 30 km on the upwind side of substantial 
areas of radiata pine plantations and urban areas. Also, having 
plantation estates separated by a distance of 25 km will not 
necessarily preclude their loss in a large intense bushfire. 

Experience from both the 2001 and 2003 ACT bushfires indicates 
that once a bushfire enters a radiata plantation, it is impossible 
to stop the forward spread within the plantation ifthe Forest Fire 
Danger Index exceeds 35, even if firebreaks in excess of 100 m 
width exist. The likelihood of adjacent houses being destroyed 
by a fire in a pine plantation will depend on a number of factors 
including the prevailing Forest Fire Danger Index, the width of 
the buffer, whether it is a head fire or flank fire, the nature of the 
house construction and garden, and the presence or absence of 
people to suppress spot fires. In the case of the 2001 bushfire, in 
which no houses were destroyed, the head fire did not directly 
threaten urban areas and the flank fire boundaries were at least 
900 m from the houses. 

CSIRO researchers (Ellis and Sullivan 2003) found that during 
the 2003 bushfire no residential properties were ignited or 
damaged by direct flame contact or radiant heat from flames in 
the pine plantation, bushland or grassland outside the suburb 
perimeter roads and that firebrands directly ignited residential 
gardens, houses and other structures, urban parklands, access 
lanes and roadside vegetation. The CSIRO analysis indicates 
that the setback distances between the Stromlo plantation and 
the Duffy and Holder suburbs were sufficient to prevent direct 
flame contact with residences, but insufficient to prevent ember 
attack impacting significantly upon the gardens and residences, 
which ultimately caused the house losses. This analysis also 
demonstrated a significant statistical association between house 
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loss and garden type, with houses with more unkempt or heavy 
fuel gardens more likely to be destroyed as a result of ember 
attack from a bushfire. 

There is very little scientific evidence about ember movement 
during bushfires in radiata plantations under varying fire 
weather conditions. While there were no measurements of ember 
deposition downwind of the 200 I bushfire, it is evident that there 
was mass ember deposition across the I 00-m-wide Tuggeranong 
Parkway while the bushfire was burning under a Forest Fire 
Danger Index of 38. The 2003 bushfire demonstrated that, under 
a Forest Fire Danger Index of 80 to 102, a bushfire burning in 
radiata pine will deposit significant ember loads downwind of the 
fire front for at least 150 m, even in situations where the width of 
the plantation is only 250 m. Under these circumstances, including 
the presence ofhigh fuel loads in many gardens, the ember attack 
can result in more than 40% of houses in the plantation ember 
zone being destroyed. Neither the Fuel Modified Protection Area 
nor the fuel reduced area within the radiata plantation appear to 
have resulted in significantly reduced ember loads impacting on 
the adjacent houses. 

The analysis of house losses used in this study is based entirely on 
reviewing maps of the destroyed properties. Little is known about 
the pmiicular circumstances regarding most of the houses that 
were destroyed or those that survived in the plantation ember zone. 
However, it is known that the houses located near the corner of 
Eucumbene Drive and WarragambaAvenue and that survived the 
direct impact of the head fire had a number ofurban fire appliances 
located in the street when the bushfire burnt into this location. It is 
also known that two residents ofWarragamba Avenue were able 
to save six houses (63-73 Warragamba Avenue) in the interface 
row, by putting out spot fires as they developed (Mannix 2008). 
It is also known that the house at 37 Warragamba Avenue was 
ignited as a result of aggressive burning of the adjacent house (39 
Warragamba Avenue), two to three hours after the fire front had 
passed (Doogan 2006). The CSIRO researchers, Dr Peter Ellis and 
Mr Justin Leonard, in their evidence to the ACT Coronial Inquiry 
(Doogan 2006) commented on the impact that heavy fuel gardens, 
timber fences and cypress trees on the loss of houses. Many of the 
houses along Eucumbene Drive had established native gardens 
with woodchip mulch in the nature strip areas between the houses 
and the road. Concern about the high level offuel in many of these 
gardens had been discussed by the ACT Bushfire Council in lead 
up to the 2002-2003 summer, but at the time there was no power 
to do anything about this issue. 

There is currently no national standard for buffers or setbacks 
between plantations and urban residences, but distances of 
35-50 mare common practice around Australia. Evidence from 
the 2003 bushfire indicates that, in a situation where the effective 
buffer width was between 55 and 82 m, 38--47% of the houses in 
the first two rows of the urban interface were destroyed. There 
were also considerable house losses in the third and fourth rows 
of houses in the north-western corner of Duffy, where the head 
fire impacted on the suburb, but it is impossible to determine 
whether these were caused by embers from the plantation or other 
burning houses. This evidence suggests that commonly applied 
buffer widths are woefully inadequate to protect houses from 
ember attack under intense bushfire conditions. 

There is a paucity of documented case studies of wildfires in radiata 
pine plantations from which to establish scientific principles for 
buffer and firebreak design. In addition, the deposition of embers 
from radiata plantation fires under different levels of fire danger is 
poorly understood. This infonnation would greatly assist a more 
scientific approach to the determination of appropriate buffer 
distances between plantations and residences. In the absence 
of such infonnation, evidence from the 2003 Canberra bushfire 
could be used as a guide. Given that about 40% of houses located 
between 125 and 152 m from the radiata pine plantation boundary 
were destroyed, my suggested approach would be to establish a 
closely mown grassed buffer zone equivalent to five times the 
expected mature tree height (150-175-m wide buffers) on the 
prevailing fire weather interface. 

Even if substantially wider buffers are established between 
residences and radiata pine plantations, improving protection 
to houses on the downwind side of a plantation will require a 
co-operative approach from both the plantation owner and the 
house owners. A small number of the houses that were destroyed 
in the third row of houses were not downwind of other burning 
houses, so it is likely that they also came under some degree of 
ember attack. Therefore it would be highly desirable to require 
low-fuel gardens and preferably bushfire-rated houses in the 
interface zones. Sprinkler systems would provide added asset 
protection, but where they are connected to town water supplies 
they cannot always be relied on during bushfire emergencies. 
The establishment of Community Fire Management Units also 
provides the residents with the skills and equipment needed to 
protect houses when threatened by a bushfire. 

While much of the current approach to fire management in radiata 
pine plantations is based on good scientific research, this study has 
indicated that there is a need for additional research. Very little 
fire management research related to radiata plantations has been 
conducted in the past 30 y, despite the fact that 75% of Australia's 
sawlogs come from softwood plantations (ABARES 2011). The 
research needs include: 

• the deposition of embers and the development of spot fires 
from radiata pine plantation fires under a range of fire danger 
conditions 

• the relationship between tree height and ember intensity 

• the impact of pruning to varying heights on fire behaviour 

• the impact oflow-intensity prescribed burns on fire behaviour 
over subsequent years 

• the width of a firebreak needed to halt the forward progress of 
a plantation fire burning under Forest Fire Danger Indices of 
less than 32. 

Conclusions 

Currently fire management strategies for radiata pine plantations 
aim at preventing fires from entering the plantations and rapid 
suppression of any fires that originate within the plantations. The 
strategies for protecting residences adjacent to radiata plantations 
rely on suppression ofbushfires within the plantations before they 
threaten urban areas, and buffer zones between the plantations and 
houses. The 2001 and 2003 bushfires in Stromlo pine plantation 
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indicated that substantial ember deposition will occur in front of 
the fire for distances of at least 100-150 m once the Forest Fire 
Danger Index exceeds 35. Fuel reduction activities in the Stromlo 
plantation in close proximity to the urban interface did reduce fire 
behaviour within the plantation, but did not reduce the number of 
houses destroyed in the adjacent area. 

While buffer zones between the urban residences and Stromlo 
pine plantation substantially exceeded the current recommended 
widths, they were completely ineffective in protecting the houses 
from ember attack from a plantation fire burning under a Forest 
Fire Danger Index in excess of 80. The setback distances of 
55-82 m between plantations and houses were sufficient to prevent 
direct flame contact with houses, but insufficient to prevent 
destruction of38-47% of the houses in the first two rows. 

The experience from the 2003 Canberra bushfire indicates there 
is a need to review some aspects of protecting urban areas from 
bushfires in radiata pine plantations. While further research is 
needed on the deposition of embers from pine plantation fires, 
it is clear that buffer zones should be at least 150 m wide on the 
northern and western sides of houses if massive ember attack is 
to be avoided during intense bushfires. However, without fire 
protection measures around the houses even buffers of this width 
will not guarantee that houses will survive. 
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