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Abstract. Extensive beetle outbreaks across western North American forests have spurred debates about how to best

protect communities from wildfire. Previous work has found that fuels in the wildland–urban interface and especially in
the defensible space (40-m radius) around structures are the most important determinants of the flammability of structures
during wildfire.We: (1) examined the extent of outbreaks in the western US and their intersection with the wildland-urban

interface and its surrounding area and (2) calculated the combined area of defensible space around all wildland-urban
interface housing units in the western US. This analysis indicates that: (1) .98% of areas affected by outbreaks are in
remote areas rather than in the wildland-urban interface and (2) in the context of limited resources and the goal of
protecting homes and communities from wildfire, the area required to create defensible space around all homes in the

wildland-urban interface of the western US (which effectively reduces fire risk to structures) is substantially less than that
needed to treat all beetle-affected forests (which does not reduce fire risk to structures as effectively). Thus, focussing fuel-
reduction treatments in the immediate vicinity of homes and communities rather than in remote beetle-affected forests

would be more effective at reducing fire risk to those structures and would incur lower financial and ecological costs.
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Introduction

Generally speaking, fuel-reduction strategies designed to pro-
tect homes and communities from wildfire risk can be cate-
gorised as those that primarily aim to reduce fuels: (1) in
remote forest lands or (2) in the immediate vicinity of homes

and communities. Extensive outbreaks of bark beetles across
forests in western North America have led to widespread
debates about appropriate policy responses, including those

concerning fuel reduction. A commonly stated goal of these
and similar debates is the protection of homes and communities
from the risk of wildfire, combined with the necessity of

minimising economic and ecological costs associated with
forest treatments. Here we consider the extent of treatment area
necessary given hypothetical strategies of prioritising treat-

ment in forests affected by outbreaks v. in the immediate
vicinity of structures.

WesternNorthAmerican coniferous forests are being affected
by severe and extensive outbreaks ofDendroctonus and Ips spp.,

and outbreaks will become more frequent and extensive as the
climate warms (Aukema et al. 2006; Raffa et al. 2008; Bentz
et al. 2010). Because outbreaks are highly visible and increase

the volume of dead fuels in forests, they often raise concerns
about increased fire risk (i.e. the chance of wildfire based on all
causative agents including fuel hazard, ignition source and

weather) and lead to debates regarding appropriate policy and
management responses with the aim of mitigating perceived

increases in fire risk (e.g. Colorado Department of Natural

Resources 2009). However, based on fire-behaviour modelling
and retrospective studies, the best available science indicates
that the effects of outbreaks of spruce beetle and mountain pine
beetle on fire risk are complex and sometimes counterintuitive

(Kulakowski et al. 2003; Bebi et al. 2003; Kulakowski and
Veblen 2007; Jenkins et al. 2008; Simard et al. 2008, 2011;
Bond et al. 2009). Nevertheless, fire risk following outbreaks

remains a widespread public concern.
In recent decades, housing expansion into western North

American forests has enlarged the wildland–urban interface

(WUI), the area in which structures abut and intermix with
wildland vegetation (Radeloff et al. 2005; Hammer et al. 2007;
Theobald and Romme 2007). For example, during the 1990s the

combined WUI area in Washington, Oregon and California
increased by 10.9% and the number of WUI housing units in
these states increased by 17.6% (Hammer et al. 2007). Because
more structures are being built in or near wildland vegetation,

overall risk of wildfire to structures in the western US has
increased. The protection of structures from wildfire is most
difficult in the WUI owing to the proximity of fuels in the form

of both wildland vegetation (Cohen 2000) and the structures
themselves, which when ignited can become the primary mech-
anism for fire spread to other structures (Cohen 2008). Further-

more,many human-causedwildfire ignitions occur in or near the
WUI (Pyne 2001).
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To mitigate fire risk to structures, the US government
allocates significant resources to wildland firefighting and fuels
treatment. During 3 of the 6 years between 2000 and 2005

wildfire suppression costs were greater than $1 billion USD per
year, largely due to the costs associated with protecting private
property (USDA and OIG 2006). Additionally, the US Congress

appropriated $2.7 billion for preventive fuels treatments
between 2001 and 2006 (Schoennagel et al. 2009). However,
becausemost land in these areas is privately owned, and thus not

targeted by federal fuel-reduction expenditures, between 2004
and 2008 only 3% of fuels treatments were located within the
WUI, and an additional 8% were located within a 2.5-km
distance of the WUI (Schoennagel et al. 2009). The location

of fuel treatments is especially important as fuel-reduction
efforts outside of the WUI have been found not to be the most
effective way of reducing the risk of wildfire to structures in the

WUI (Cohen 1999, 2000). In addition to failing to reduce the risk
of fire to structures, fuel-management treatments and associated
road construction in remote and sometimes previously roadless

areas can have unintended ecological effects such as increased
wildfire ignitions, increased wildlife mortality, increased frag-
mentation of habitat, changes in the physical and chemical

environment, altered water quality, introduction of invasive
species and increased likelihood of landslides (Riley and Fausch
1995; Fahrig 1997; Forman et al. 2003; Lindenmayer and
Fischer 2006; Burton 2005; Fahrig and Rytwinski 2009).

The WUI is an area of particular wildfire risk to structures
because of the close proximity of wildland vegetation to
structures in these areas and the fact that the quality and quantity

of fuels located within a home’s immediate vicinity is the factor
that most determines a home’s potential ignitability (Cohen
2000, 2004). Modelling and empirical research on ignition

potential indicates that fire policy emphasising the creation of
40-m vegetation-free buffers of defensible space around vulner-
able structures (i.e. structures in the WUI) is the most effective
strategy to reduce wildfire risk to structures (Cohen and Butler

1998; Cohen 2000). Secondarily, forests within ,400m of the
WUImay produce firebrands or otherwise contribute to spotting
(Gill and Stephens 2009). The flammability of building materi-

als (e.g. wooden v. metal roofs) affects the likelihood of fire-
brands igniting homes and thus contributes to fire risk (Cohen
2000; Gill and Stephens 2009). In contrast to appropriately

treating the areas in the immediate vicinity of homes and other
structures, wildland fuel treatments in more remote areas may
not be as effective at reducing home ignition potential and at

protecting communities from the risk of wildfire (Cohen et al.

2001; Finney and Cohen 2003).
Though important work has elucidated the efficacy of treat-

ing fuels in various locations, there has not yet been a compre-

hensive investigation of the total potential area that would need
to be treated given different fuel-reduction strategies. Our
current analysis considers two primary approaches to reducing

the risk of fire to structures: prioritising treatment of bark beetle-
affected forests v. prioritising the creation of fuel-free defensible
space around structures in theWUI. Given the goal of protecting

homes and communities from wildfire and the realities of
limited resources, an ideal forest policy would achieve the
maximum reduction of fire risk to structures with the minimum
financial and ecological costs. In the interest of comparing the

implications of these two broad policy approaches, we:
(1) investigated the spatial relationship between recent bark
beetle outbreaks in the western US and the WUI and

(2) estimated the total area of defensible space around all
structures in the WUI in 13 western US states.

Methods

Study area

The study area was composed of 13 states in the contiguous
western US: Washington, Oregon, California, Idaho, Nevada,
Montana, Utah, Arizona, Wyoming, Colorado, New Mexico,

South Dakota and Nebraska.

Datasets

To assess the extent of recent outbreaks we analysed USDA

Forest Service Aerial Damage Surveys (ADS) data on the extent
of forest damage caused bymountain pine beetle (Dendroctonus
ponderosae), spruce beetle (Dendroctonus rufipennis) and

pinyon ips (Ips confusus) between 2000 and 2009. We collected
annual ADS data from each USDA Forest Service Region in the
study area and then combined these data into one comprehensive

dataset. To isolate forests affected by bark beetle outbreaks, we
selected areas with forest damage causal-agent codes corre-
sponding to mountain pine beetle, spruce beetle and pinyon ips.
To minimise the chance that we omitted areas of insect-caused

damage in our analysis, we included areas for all insect-caused
mortality classes, which are expressed in the ADS data in terms
of number of dead trees per acre.

The Federal Register defines the WUI as ‘the area where
houses meet or intermingle with undeveloped wildland vegeta-
tion’ (USDA and USDI 2001). Based on this definition, we

selected WUI GIS data that include housing unit-density statis-
tics for each 2000WUI and non-WUI census block in thewestern
US (Radeloff et al. 2005). This dataset was particularly well
suited to our application because of its fine spatial detail and

singular focus on the WUI, unlike related datasets constructed
from multiple fire-risk variables and spatially aggregated demo-
graphic data (e.g. Menakis et al. 2003). In this dataset, each

polygon represents a 2000 US census housing block that is
assigned to a WUI or non-WUI category. Following the Federal
Register definition of theWUI, this dataset further subdivides the

WUI into intermix and interface WUI categories. Intermix WUI
census blocks exceed 6.17 housing units km�2 and have .50%
wildland vegetation. Interface WUI census blocks exceed 6.17

housing units km�2 and have,50% wildland vegetation but are
located within 2.4 km of an area larger than 5 km2 containing
.75%wildland vegetation. The 2.4-kmdistance is an estimate of
the distance a firebrand could fly ahead of a fire front and ignite a

new fire (California Fire Alliance 2001). The 5-km minimum
area threshold for Interface WUI is intended to exclude residen-
tial areas located within 2.4 km of heavily vegetated urban parks.

Intermix and interface WUI categories are further divided into
high-, medium- and low-density subcategories (Table 1).

Despite the wildfire risk posed to WUI structures from

ignitions located within the WUI, it is important to recognise
that not all WUI wildfires are ignited within the WUI itself.
Finney and Cohen (2003) note that urban fires are often caused
by wildfires ignited well outside of theWUI. In order to account
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for this potential, we also calculated a second WUI dataset
including a 2.4-km buffer around each WUI census block.

GIS and analytical methods

The extent of bark beetle outbreaks located in the WUI was
calculated by determining the area of intersection between the
polygons of outbreaks and the polygons of the WUI census

blocks using ArcInfo GIS software (Arc 9.3; Environmental
Systems Research Institute, Redlands, CA, US). A second
analysis examined the intersection of outbreaks in areas within a

2.4-km buffer of the WUI.
Following Cohen and Butler (1998) and Cohen (2000), we

take the 40m immediately surrounding structures as the area in
which fuel clearing (typically vegetation removal) has the most

immediate benefits for fire-risk reduction toWUI structures. As
the area of a given structure’s 40-m fuel-free buffer is a function
of the structure’s footprint and since no comprehensive dataset

exists of the footprints of all structures in the study area, the
actual areas of hypothetical fuel-free buffers in the WUI cannot
be derived from existing data. Therefore, we estimated the

absolute maximum area of required buffers in the WUI in the
followingmanner. First, the number of housing units per km2 for

each WUI census block was multiplied by the size of the WUI
census block to yield the number of housing units in each WUI
census block. Next, the area of buffers around each housing unit

was calculated by estimating the average footprint of a housing
unit as a 20m by 20m square. We calculated a 40-m buffer
(Cohen andButler 1998) around this footprint by adding: (1) four

40m by 20m buffer zones extending from each of the four sides
of the house footprint and (2) four 40-m radius quarter circles
connecting the 40m by 20m rectangular buffer zones:

4� ð40 m� 20 mÞ þ 4� ðp� ð40 mÞ2Þ=4 ¼ 8225 m2

The total area of this fuel-free buffer for each 20m by 20
housing unit is ,8225m2. This buffer was multiplied by the
number of housing units in each WUI census block to yield a
final estimate of the absolute maximum area of fuel-free areas in

each WUI census block. The total areas of fuel-free buffer for
each WUI census block were then summed to give an estimated
total area of fuel-free buffers in the WUI.

We took several steps to ensure that the fuel-free buffer
estimate was sufficiently conservative to provide an estimate of
the absolute maximum area of fuel-free areas in the WUI. First,

Table 1. Definitions of wildland]urban interface (WUI) sensu Radeloff et al. (2005)

The 2.4-km buffer is based on the estimated maximum distance across which a firebrand can ignite a new fire (California Fire Alliance 2001)

WUI category Description

Low-density interface 2000 census blocks with housing density$6.17 (housing units km�2) and,49.42 (housing units km�2), vegetation #50%,

within 2.4 km of an area with $75% vegetation.

Medium-density interface 2000 census blocks with housing density $49.42 and ,741.32, vegetation #50%, within 2.4 km of an area with $75%

vegetation.

High-density interface 2000 census blocks with housing density $741.32, vegetation #50%, within 2.4 km of an area with $75% vegetation.

Low-density intermix 2000 census blocks with housing density $6.17 and ,49.42, vegetation .50%.

Medium-density intermix 2000 census blocks with housing density $49.42 and ,741.32, vegetation .50%.

High-density intermix 2000 census blocks with housing density $741.32, vegetation .50%.

Table 2. Comparison of areas of the wildland]urban interface (WUI), beetle-outbreak areas from 2000 to 2009, and the intersection between the

WUI and beetle-outbreak areas

State WUI Beetle outbreak Intersection of WUI

and beetle outbreak

Total

(km2) (%) (km2) (%) (km2) (%) (km2) (%)

Arizona 8686.7 3.5 4759.1 1.9 45.3 0.0 13 491.0 5.5

California 29 253.4 12.0 3757.4 1.5 43.4 0.0 33 054.2 13.5

Colorado 8006.5 3.3 29 231.3 11.9 896.6 0.4 38 134.3 15.6

Idaho 3439.9 1.4 21 386.7 8.7 74.1 0.0 24 900.6 10.2

Montana 3812.3 1.6 33 384.8 13.6 177.6 0.1 37 374.7 15.3

Nebraska 735.7 0.3 0.0 0.0 0.0 0.0 735.7 0.3

Nevada 6671.2 2.7 7008.7 2.9 22.5 0.0 13 702.4 5.6

New Mexico 2600.7 1.1 4248.1 1.7 187.7 0.1 7036.4 2.9

Oregon 8802.2 3.6 10 116.0 4.1 37.9 0.0 18 956.1 7.7

South Dakota 975.7 0.4 1899.0 0.8 27.1 0.0 2901.8 1.2

Utah 3200.0 1.3 7495.3 3.1 49.5 0.0 10 744.9 4.4

Washington 15 172.9 6.2 10 086.8 4.1 18.8 0.0 25 278.5 10.3

Wyoming 1808.3 0.7 16 529.9 6.8 79.3 0.0 18 417.4 7.5

Total 93 165.5 38.1 149 903.0 61.3 1659.7 0.7 244 728.1 100.0
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the 20m by 20m (400m2) assumed size of the housing unit is
large relative to the average size of a new single-family house in
the US in 2009, which is 198.3m2 (US Census Bureau 2009).

Since many new single-family houses are multistory houses, the
actual average footprint of a newly constructed single-family
house in 2009 must be somewhat lower than 198.3m2. Further-

more, theWUIGIS data and related census housing density data
are expressed in terms of housing units – not housing structures –
each of which is ‘a house, an apartment, a mobile home, a group

of rooms, or a single room that is occupied as separate living
quarters’ (US Census Bureau 2000). By calculating 40-m buffer
areas around each housing unit, we overestimated the area of
fuel-free buffers actually existing around the structures within

which each housing unit exists. Moreover, our analysis does not
control for overlapping buffer zones and many housing units are
located closer than 80m apart from each other (i.e. two times the

40-m radius). As such, if the area of the calculated buffer zone
for a WUI census block exceeded the total area of the WUI
census block, then we substituted the total area of that census

block as the area of buffer zone in that census block.

Results

The area of WUI outside of bark beetle outbreaks covers
93 166km2 (Table 2). The largest area of non-outbreakWUI is in
California (29 253km2) followed by Washington (15 173 km2)

and Oregon (8802 km2) (Table 2). The WUI is primarily com-
posed of low-density intermix WUI (54 171 km2), followed by
medium-density intermix WUI (14 087 km2) and low-density

interfaceWUI (12 476 km2) (Table 3). The area of theWUI plus a
2.4-km buffer totals 614 560km2 and was largest in California
(130 557 km2), Arizona (64 018km2) and Washington

(60 739 km2) (Table 4).

Table 4. Comparison of areas of the wildland]urban interface (WUI) plus a 2.4-km buffer zone, beetle outbreak areas from 2000 to 2009, and the

intersection between the WUI plus a 2.4-km buffer zone and beetle outbreak areas from 2000 to 2009

State WUIþ 2.4-km buffer Beetle outbreak Intersection WUIþ 2.4-km

buffer beetle outbreak

Total

(km2) (%) (km2) (%) (km2) (%) (km2) (%)

Arizona 64 017.5 8.0 4759.1 0.6 1811.7 0.2 70 588.3 8.8

California 130 557.2 16.3 3757.4 0.5 3222.5 0.4 137 537.1 17.1

Colorado 55 742.4 6.9 29 231.3 3.6 7070.6 0.9 92 044.2 11.5

Idaho 39 041.1 4.9 21 386.7 2.7 3573.1 0.4 64 000.9 8.0

Montana 49 552.9 6.2 33 384.8 4.2 10 659.1 1.3 93 596.9 11.7

Nebraska 23 590.0 2.9 0.0 0.0 0.0 0.0 23 590.0 2.9

Nevada 18 095.9 2.3 7008.7 0.9 1047.3 0.1 26 151.8 3.3

New Mexico 51 431.0 6.4 4248.1 0.5 3000.3 0.4 58 679.4 7.3

Oregon 55 696.0 6.9 10 116.0 1.3 915.3 0.1 66 727.2 8.3

South Dakota 14 211.3 1.8 1899.0 0.2 707.3 0.1 16 817.6 2.1

Utah 26 456.2 3.3 7495.3 0.9 2221.7 0.3 36 173.3 4.5

Washington 60 738.8 7.6 10 086.8 1.3 964.0 0.1 71 789.6 8.9

Wyoming 25 429.2 3.2 16 529.9 2.1 3104.8 0.4 45 063.9 5.6

Total 614 559.5 76.6 149 903.0 18.7 38 297.7 4.8 802 760.1 100.0

Table 3. Comparison of wildland]urban interface sub-category areas

State Interface density area Intermix density area

High Medium Low High Medium Low Total

(km2) (%) (km2) (%) (km2) (%) (km2) (%) (km2) (%) (km2) (%) (km2) (%)

Arizona 297.6 0.3 706.2 0.8 469.0 0.5 127.4 0.1 1827.8 2.0 5258.7 5.6 8686.7 9.3

California 1647.8 1.8 3130.5 3.4 2681.8 2.9 336.3 0.4 5316.3 5.7 16 140.7 17.3 29 253.4 31.4

Colorado 254.2 0.3 626.4 0.7 1094.1 1.2 52.5 0.1 910.5 1.0 5068.8 5.4 8006.5 8.6

Idaho 55.8 0.1 248.1 0.3 1045.2 1.1 10.6 0.0 299.5 0.3 1780.5 1.9 3439.9 3.7

Montana 72.9 0.1 231.4 0.2 1048.9 1.1 12.0 0.0 299.9 0.3 2147.2 2.3 3812.3 4.1

Nebraska 27.7 0.0 126.4 0.1 176.9 0.2 2.9 0.0 78.9 0.1 322.8 0.3 735.7 0.8

New Mexico 144.5 0.2 494.2 0.5 622.7 0.7 50.9 0.1 1064.5 1.1 4294.4 4.6 6671.2 7.2

Nevada 126.4 0.1 271.9 0.3 264.6 0.3 63.0 0.1 507.5 0.5 1367.4 1.5 2600.7 2.8

Oregon 139.0 0.1 628.0 0.7 1861.5 2.0 33.7 0.0 760.3 0.8 5379.6 5.8 8802.2 9.4

South Dakota 20.1 0.0 107.3 0.1 123.6 0.1 6.0 0.0 87.1 0.1 631.6 0.7 975.7 1.0

Utah 116.4 0.1 540.8 0.6 633.4 0.7 23.8 0.0 421.0 0.5 1464.6 1.6 3200.0 3.4

Washington 221.5 0.2 1148.0 1.2 2021.3 2.2 71.7 0.1 2366.8 2.5 9343.7 10.0 15 172.9 16.3

Wyoming 66.4 0.1 187.6 0.2 432.7 0.5 4.4 0.0 146.8 0.2 970.4 1.0 1808.3 1.9

Total 3190.4 3.4 8446.9 9.1 12 475.7 13.4 795.3 0.9 14 086.8 15.1 54 170.5 58.1 93 165.5 100.0
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The total extent of non-WUI bark beetle outbreaks in the
study area from 2000 to 2009 was 149 903 km2 (Table 2).The
largest area of non-WUI beetle outbreaks was in Montana

(33 385 km2), followed by Colorado (29 231 km2) and Idaho
(21 387 km2).

The extent of bark beetle outbreaks from 2000 to 2009 in the

WUI was 1660 km2 (Table 2; Figs 1–2). Of the entire WUI,
1.78% has been affected by outbreaks and 1.1% of outbreaks
have occurred in the WUI, which constitutes 0.7% of the

combined area of the WUI and bark beetle outbreaks (Table 2;

Figs 1–2). These areas of intersection between theWUI and bark
beetle outbreaks are concentrated in Colorado (897 km2; 0.4% of
the total area of the WUI and bark beetle outbreaks from 2000 to

2009), New Mexico (188 km2; 0.1% of the total area), and
Montana (178 km2; 0.1% of the total area) (Table 2; Figs 1–2).
The area of intersection between the WUI plus a 2.4-km buffer

and bark beetle outbreaks from 2000 to 2009 was 38 298km2,
which constitutes 4.8% of the total area of theWUI plus a 2.4-km
buffer and bark beetle outbreaks (Table 4; Figs 3– 4). The area of

intersection was largest in Montana (10 659 km2; 1.3% of the

Intersection of WUI and beetle outbreaks 2000–2009

Beetle outbreaks 2000–2009 only

WUI only

0 150 300 Kilometers

Fig. 1. The wildland–urban interface (WUI), beetle outbreak areas from 2000 to 2009, and the area of intersection between the WUI and beetle

outbreak areas from 2000 to 2009.
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total area of the WUI plus a 2.4-km buffer and beetle outbreaks

from 2000 to 2009), Colorado (7071 km2; 0.9% of the total area),
and Idaho (3573 km2; 0.4% of the total area).

The estimated absolute maximum area of fuel-free defensible

space for the study area is 31 817 km2 (Table 5). California
had the largest area of estimated fuel-free defensible space
(11 756 km2), followed by Washington (4808 km2), and Arizona
(3337 km2) (Table 5). The estimatedmaximumarea of defensible

space is less than 25% of the area of bark beetle outbreaks from
2000 to 2009 and less than 35% of the area of the WUI (Fig. 5).

Discussion

Ongoing outbreaks of bark beetles have led to much debate

about appropriate management responses. Concerns about
protecting homes and communities from wildfire have domi-
nated forest-management discourse in recent decades and now

drive federal forest policy in the western US (Schoennagel et al.
2009). A central goal of many proposed strategies is the maxi-
mum reduction of fire risk to homes and communities at the
minimum economic and ecological cost. The current analysis

indicates that: (1) even if the assumption that outbreaks increase

the risk of fire is accepted,.98% of areas affected by outbreaks
occur in remote locations rather than in the WUI and (2) in the
context of limited resources and the goal of protecting homes

and communities from wildfire, the area required to create
defensible space around all homes in theWUI of the western US
(which effectively reduces fire risk to structures) is substantially
less than that needed to treat all beetle-affected forests (which

does not reduce fire risk to structures as effectively). We stress
that given the conservativemethods bywhich we estimated total
defensible space in this study, the actual area is likely to be

substantially smaller.
The major obstacle of implementing fuel reduction in the

WUI and creating defensible space is that 70% of wildland

vegetation in the WUI of the western US is privately owned and
only 17% of the area in the WUI or within 2.5 km of it is
federally owned (Schoennagel et al. 2009). Additional analysis

may consider the proportion of beetle-affected stands in and
adjacent to the WUI that are on private v. public land. The
current analysis supports the notion that creating defensible
space on what is ultimately privately owned land is likely to be a

Intersection of WUI and beetle outbreaks 2000–2009

0 300150 Kilometers

Fig. 2. The area of intersection between the wildland–urban interface (WUI) and beetle outbreak areas from

2000 to 2009.
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preferred fire-mitigation policy over reducing fuels in remote
publicly owned lands. If treatment is focussed on creating

defensible space around structures in the WUI, it would be
possible to reduce the risk of wildfire around all structures in the
WUI at a relatively small economic and ecological cost com-

pared to prioritising treatment in beetle-affected forests.
The most effective fuel-treatment strategies may necessitate

explicitly recognising that the area that most determines home

ignition potential is the home ignition zone (sensu Cohen 2000)
and thus it is that area, rather than wildlands, in which fuel

treatments are likely to be most effective (Finney and Cohen
2003). Furthermore, given the great extent of wildlands as well

as finite financial and other resources, it is impractical
or impossible to effectively eliminate fires from wildlands
(Reinhardt et al. 2008).

Several studies have argued for the potential benefit of off-
site fuel treatments to reduce burn probability in the WUI and
around structures (e.g. Finney et al. 2007; Parisien et al. 2007;

Ager et al. 2010; Rytwinski and Crowe 2010) and we recognise
that there may be some specific situations that merit treating

Intersection of WUI � 2.4 km buffer and beetle outbreaks 2000–2009

Beetle outbreaks 2000–2009 only

WUI � 2.4 km buffer only

0 150 300 Kilometers

Fig. 3. Thewildland–urban interface (WUI) plus a 2.4-kmbuffer zone, beetle outbreak areas from2000 to 2009, and the area of intersection between

the WUI plus a 2.4-km buffer zone and beetle outbreak areas from 2000 to 2009.
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Intersection of WUI � 2.4 km buffer and beetle outbreaks 2000–2009

0 150 300 Kilometers

Fig. 4. The area of intersection between the wildland–urban interface (WUI) plus a 2.4-km buffer zone and beetle

outbreak areas from 2000 to 2009.

Table 5. Estimated maximum defensible space by state, given a 40-m

fuel-free buffer around all housing units in the wildland]urban

interface

State Estimated 40-m fuel-free buffer maximum (km2)

Arizona 3336.8

California 11 755.7

Colorado 2406.4

Idaho 841.3

Montana 902.0

Nebraska 270.9

Nevada 2127.8

New Mexico 1077.7

Oregon 2227.9

South Dakota 282.0

Utah 1256.8

Washington 4808.0

Wyoming 524.1

Total 31 817.4
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Fig. 5. Comparison of the areas of bark beetle outbreaks from2000 to 2009

to thewildland–urban interface (WUI) and the estimatedmaximum fuel-free

area around structures in the entire study area given a 40-m fuel-free buffer

around all housing units in the WUI.
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fuels more than 40m from structures. However, in the context of
ongoing and future bark beetle outbreaks, the current analysis
draws attention to the fact that treating the area that principally

determines home ignition potential, which is in the immediate
vicinity of homes, would involve treating substantially less area
than treating wildlands affected by outbreaks. Preventing fire

disasters in the WUI may require a change of mindset and
approach from wildfire suppression and control to reducing
home ignition potential within the immediate vicinity of homes

(Cohen 2008). The effective prevention of fire disasters in the
WUI can largely be separated from themanagement of wildland
fire in general and specifically regarding bark beetle outbreaks.
This would facilitate fire management becoming more attentive

to ecological function rather than focussing on wildfire-threat
response.
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