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Abstract

Background

Roads play an important role in managing fire on the national forests. But roads also are
known to increase ignitions and damage ecosystems. Roads may limit the size of wildfires,
which may be viewed as desirable where fires endanger human life and property or
undesirable if roadlessness allows more land to experience the ecological benefits of fire. In
this paper, we examine a large, nationwide dataset to determine whether roads on the

national forests are associated with higher ignition density, and we examine patterns of fire
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size to see whether wilderness and roadless areas are associated with larger fires.

Results

From 1992 to 2024, in all 8 contiguous-US Forest Service regions combined, wildfire-
ignition density was lowest in designated wilderness areas (1.75 fires/1000 hectares),
followed closely by Inventoried Roadless Areas (1.97 fires/1000 ha). The highest wildfire-
ignition density was in lands within 50 m of roads (7.99 fires/1000 ha), and the second
highest wildfire-ignition density was in other national forest lands outside of the 50-m road
buffers but not in wilderness or roadless areas (3.50 fires/1000 ha). For human-caused,
natural, and undetermined fires, wildfire-ignition density decreased as distance to road
increased, irrespective of designation categories such as “wilderness” or “roadless.” In
lands between 0 and 250 m from roads, 6 fires ignited per 1000 ha, whereas fewer than 2
fires ignited per 1000 ha at a distance class of over 2000 m from roads. Mean fire size varied
by where the fire started: it was greatest in wilderness areas (239 ha), followed by
Inventoried Roadless Areas (135 ha), roaded national forest lands outside of Inventoried
Roadless Areas, wilderness, and the 50-m buffer (62 ha), and lands within the 50-m road
buffer (49 ha). We found, however, that the largest 2% of fires had similar mean sizes and

ignition densities regardless of where they started.

Conclusions

Our results suggest that building roads into roadless areas is likely to result in more fires.
These fires will, on average, be smaller than fires farther from roads, but there will be more
of them, and some of them will grow to become large fires. Nevertheless, both roads and

roadless areas can contribute to strategic, landscape-scale fire management.

Resumen

Antecedentes

Las rutas juegan un rol importante en el manejo de incendios en bosques nacionales de los
EEUU. Sin embargo, estas carreteras son conocidas por incrementar las igniciones y dafiar
los ecosistemas. Las carreteras pueden también limitar el tamario de los incendios, lo que

puede verse como deseables cuando la vida humana y propiedades estan en peligro, o como
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indeseables cuando el no disponer de rutas permite tener mas areas para experimentar los
beneficios ecoldgicos de los incendios. En este trabajo examinamos un conjunto de datos
para determinar si a nivel de los bosques nacionales, estos datos estan asociados con una
mas alta densidad de igniciones, y examinamos los patrones de tamafio de los incendios para

determinar si las areas silvestres y areas sin rutas estan asociadas con grandes incendios.

Resultados
Desde 1992 y hasta 2024, en 8 regiones contiguas del Servicio Forestal de los EEUU, todas

combinadas, la densidad de ignicién de incendios fue menor en zonas designadas como areas
naturales (1,75 incendios cada 1000 ha), seguidas muy de cerca por areas inventariados
como “sin rutas” (1,97 igniciones cada 1000 ha). La densidad mas alta de igniciones fue en
tierras que lindaban dentro de los 50 m de una ruta (7,99 igniciones cada 1000 ha), y la
segunda densidad mas importante de igniciones fue en otro bosque nacional y por fuera de
los 50 m de una ruta pero no en areas naturales o sin rutas (3,50 igniciones cada 1000 ha).
Para los casos de igniciones humanas, naturales, o indeterminadas, la densidad de las
igniciones decreci6 a medida de que se incrementé la distancia a las rutas,
independientemente de que estos lugares fueran clasificados como areas naturales o sin
rutas. En tierras que estaban entre 0 y 250 m de rutas, se iniciaron 6 fuegos cada 1000 ha,
mientras que menos de 2 fuegos cada 1000 ha fueron iniciados en areas mas alla de los 2000
m de una ruta. El tamafio medio de los fuegos vari6 de acuerdo a donde comenzé el mismo
fuego: éstos fueron mayores en areas naturales silvestres (239 ha) seguidas por areas
inventariadas como “sin rutas (135 ha)”, dentro de bosques nacionales con rutas, areas
naturales, y de amortiguacion fuera de los 50 m de rutas (62 ha), y en tierras dentro de areas
a 50 m a ambos lados de las rutas (49 ha). Encontramos, sin embargo, que los mayores
incendios (2%) tuvieron similares tamafos medios independientemente del lugar de inicio

del fuego.

Conclusiones

Nuestros resultados sugieren que la construccion de rutas en areas agrestes es probable que
generen condiciones para que tengan mayor nimero de incendios. Esos fuegos, en
promedio, son mas pequernios que los que ocurren en areas alejadas de las rutas, aunque sean
mas numerosos, y que algunos de ellos pueden transformarse en grandes incendios. Sin

embargo, tanto las areas con rutas, como las agrestes sin ellas, pueden contribuir al
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planeamiento estratégico sobre la gestion del fuego a escala de paisaje.

Explore related subjects

Discover the latest articles, books and news in related subjects, suggested using machine learning.

Fire Ecology Natural Hazards Rural Geography Forestry

Background

Roads play an important role in managing fire on the national forests. First, and most
obviously, roads provide access for suppression forces and have been credited with keeping
some fires small where they exist (Stergiadou 2014; Laschi et al. 2019; Thompson et al.
2021). Related, but distinctly different, roads serve as tactical control locations, affording
managers access to comparatively safe places from which to light backfires and conduct
burn-out operations to rob oncoming fire of fuel (NWCG 1996; O’Connor et al. 2017; Yocom et
al. 2019). Roads themselves serve as fuel breaks and can disrupt the spread of fire under
less-than-extreme conditions (Dickson et al. 2006; Narayanaraj and Wimberly 2013;
Thompson et al. 2021). They also provide convenient locations from which to construct fuel
breaks and containment lines for prescribed fires that are lit when conditions are suitable,
outside of fire season (Gucinski et al. 2001). For all these reasons, roads are considered
critical to fire management, and increasing the road network has been recommended as a
tactic to enhance the control of wildfire (Maffly 2019; Healy 2020).

However, roads also are known to increase ignition frequency. Several studies have found a
strong positive relationship between wildfire ignitions and proximity to roads. Some have
looked simply at road density and fire proximity (DellaSala and Frost 2001; Dickson et al.
2006; Arienti et al. 2009; Zumbrunnen et al. 2012); others have examined ignition density
and distance to roads (Yang et al. 2006; Maingi and Henry 2007; Morrison 2007; Ricotta et al.
2018); and others have taken more sophisticated multivariate approaches to identify the
factors that drive fire likelihood (Cardille et al. 2001; Brosofske et al. 2007; Narayanaraj and
Wimberly 2012; Hawbaker et al. 2013; Camp and Krawchuk 2017). All of these studies have
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reached the same conclusion: proximity to roads increases fire occurrence. In contrast,
Syphard et al. (2008) found that fire frequency increased with distance from roads in the
Santa Monica Mountains, though they also concluded that “there are also even more remote
areas that burn with much less frequency.” It remains an open question whether the
benefits of roads to fire management outweigh the costs of roads in increased ignitions.
And, it must be noted, any additional costs of ignition come on top of other well-established
impacts of roads on ecosystems, including fragmenting and degrading habitat (Reed et al.
1996), hindering the movement of wildlife (Nellemann et al. 2001), facilitating roadkill
(Smith and Dodd 2003), increasing erosion and sedimentation (Johnson et al. 2002),
disrupting hydrology (Jones et al. 2000), introducing harmful chemicals (Grant et al. 2003),
and facilitating the spread of invasive plants (Healy 2020).

Roads, or lack thereof, may also influence the size of wildfires. In some cases, increased
wildfire size could be viewed as undesirable, if the resulting fire endangers ‘“highly valued
resources and assets” (HVRA, i.e., “the things we care about”; Scott et al. 2013), and roads
can help keep fires small. On the other hand, where increasing the influence of natural fires
is desirable, disrupting the spread of fire could be viewed as a negative. Some researchers
have found fires in wilderness and roadless areas to be larger than fires near roads and
speculate that poor road access in these areas allows fires to “escape” suppression (Dickson
etal. 2006; Syphard et al. 2007; Johnston et al. 2021). Alternatively, roadless areas can be
places where incident managers choose to allow fires to burn, due to the low density of
homes and other HVRA, while they focus suppression resources where they are most needed
(Aplet 2019; Johnston et al. 2021). And of course, wilderness areas have long been the
preferred location to allow natural fire to do its work reducing fuels, recycling nutrients, and
creating habitat diversity (Miller and Aplet 2016; Parks 2025).

In this paper, we examine a large, nationwide dataset to determine whether roads on the
national forests are indeed associated with higher ignition density, and we examine patterns
of fire size to see whether wilderness and roadless areas are, in fact, associated with larger
fires. While other researchers have examined the relationship of fire ignitions to distance
from roads in smaller geographies, we expand this inquiry to the contiguous US. Here, we
use a national dataset to evaluate the influence of both land-management class and distance

from roads on ignition density in the national forests. We conclude by considering the
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implications of our findings for zoning the use of fire across the landscape, the utility of
Potential Operational Delineations (Thompson et al. 2022), and the value of roads and

roadless areas as strategic fire-management assets.

Methods

We identified wildfire ignitions on national forest lands in the contiguous US using the
InFORM Fire Occurrence Data Records (2024) geospatial database, which includes fire
occurrence records from 1992 to 2024. We developed the nationwide roads dataset by
combining National Forest System roads data (National Forest System Roads 2024,
Operational Maintenance Levels 2—5) with the TIGER/Line shapefiles (2024) data
representing interstate, county, and local roads. We excluded Maintenance Level 1 roads

because they are closed to motor vehicles.

To assess how road proximity and land-use designations influence wildfire ignitions on
national forest lands in the contiguous US, we first applied a 50-m buffer (extending 50 m
on each side of the road centerline, creating an edge-to-edge polygon that is 100 m wide) to
the nationwide roads dataset and clipped the resulting buffer to national forest lands
(National Forest System Lands 2024 ). This produced four zones in each of the eight national
forest regions: (1) the 50-m road buffer, (2) Inventoried Roadless Areas (2024) more than
50 m from a road, (3) designated wilderness (National Wilderness Areas 2024) more than
50 m from a road, and (4) other national forest lands (i.e., areas outside wilderness,
Inventoried Roadless Areas, and the 50-m buffer; see Table S1). We then intersected these
zones with the locations of wildfire ignitions from the InFORM database. For each category,
we evaluated the density of ignitions per unit area (wildfire ignitions/1000 hectares) across

U.S. Forest Service (USES) regions.

To determine whether observed differences were due to distance from road or simply to
land-use designation, we assessed how wildfire-ignition density changes with increasing
distance from roads on national forest lands generally. We created nine distance classes by
applying a series of 250-m buffers—extending outward to 2000 m—to the nationwide roads
dataset. We added a tenth distance class for wildfire ignitions beyond 2000 m. We then

intersected the wildfire-ignition database with the distance classes and calculated the
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ignition density (wildfire ignitions/1000 hectares) for each distance class across all USFS
lands. To better understand the causal patterns around ignitions, we also calculated
wildfire-ignition density by fire-cause category: human-caused, natural, and

undetermined, and we repeated the analysis for each Forest Service region outside of Alaska.

We also examined differences in wildfire size across land-use categories. Using the same
classification applied above—50-m road buffer, Inventoried Roadless Areas, designated
wilderness, and other national forest lands—we calculated mean and median fire size (in
hectares) of fires that started in each category based on the reported size in the InFORM
database. Because the largest wildfires cause the most damage and are of the greatest
concern, we conducted a separate query of the largest 2% of wildfires that started on the
national forests (approximating the proportion of wildfires that escape initial attack; Calkin
et al. 2005) and examined the size distribution of fires that started within each land-use
category. All analyses described above were performed on the entire population of recorded
ignitions on the national forests between 1992 and 2024; therefore, inferential statistics

were not needed to assess if observed differences were due to sampling error.

Results

Our 50-m road buffer identified 7.8 million hectares within 50 m of roads open to motor
vehicle use across the national forests, or 11.3% of the system. Values ranged from 7.5% in
the Intermountain Region to 17.2% in the Pacific Northwest (Table S1). Across the
contiguous US, Inventoried Roadless Areas more than 50 m from a road made up 23.9% of
the national forest landbase, and wilderness areas contributed another 18.2%, leaving just

under half (46.6%) categorized as other national forest lands.

From 1992 to 2024, for the aggregated data across all 8 USFS regions, wildfire-ignition
density was lowest in designated wilderness areas (1.75 fires/1000 hectares), followed
closely by Inventoried Roadless Areas (1.97 fires/1000 ha). The highest wildfire-ignition
density was in lands within 50 m of roads (7.99 fires/1000 ha), and the second highest
wildfire-ignition density was in other national forest lands (3.50 fires/1000 ha; Fig. 1).
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Areas, other national forest lands outside of 50-m road buffers, and lands inside 50-m road buffers

This pattern was similar across USFS regions. Highest wildfire-ignition density was always
in lands within the 50-m buffer, and the second highest wildfire-ignition density was
always in non-wilderness and non-roadless areas outside of the 50-m road buffer. The
lowest density of wildfire ignitions differed by region, with five of the regions having lowest

densities in roadless areas and three having lowest densities in wilderness areas (Fig. 1).

For all causes of wildfire ignitions combined—human-caused, natural, and undetermined—
wildfire-ignition density decreased as distance to road increased, irrespective of designation
categories such as “wilderness” or “roadless” (Fig. 2). In lands between 0 and 250 m from
roads, 6 fires ignited per 1000 ha, whereas fewer than 2 fires ignited per 1000 ha at a
distance class of over 2000 m from roads.
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Fig.2
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lands in the contiguous US

This pattern of decreasing ignition density at greater distances from roads appears to hold
even with natural, lightning-caused fires and fires of undetermined origin (Fig. 2). It was
most pronounced, however, with human-caused fires. At less than 250 m from roads, more
than 3.5 human-caused fires ignited per 1000 ha, whereas fewer than 0.5 human-caused
fires ignited per 1000 ha at distances over 2000 m from roads (Fig. 2). The numbers

differed, but the pattern was the same for every Forest Service region (Fig. S1).

Considering all ignitions, mean fire size was greatest in wilderness areas (239 ha), followed
by Inventoried Roadless Areas (135 ha), other national forest lands (62 ha), and lands within
the 50-m road buffer (49 ha) (Table 1). The median fire size, however, was similar for each
category (0.04 ha) because the distribution of fire sizes was so strongly right-skewed, with
most fires burning less than one-twentieth of a hectare and a small number of fires burning
very large areas, regardless of the land-use category in which they ignited. In exploring the

right tail of the distribution, we found the largest 2% of fires starting on national forests to
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include all fires larger than 182 ha (450 ac) and that the mean size and ignition density was
about the same across categories (Table 1). Because of the strong skew to the data, the
smallest “large” fire in every land-use class was 182 hectares, and the range of mean large-
fire size among the 4 categories was between 3811 and 4464 ha and the median was between
728 and 985 ha. Ignition density of large fires was 9.35 fires/100,000 ha in wilderness, 6.35
fires/100,000 ha in Inventoried Roadless Areas, 8.26 fires/100,000 ha in the road buffer, and
5.52 fires/100,000 ha in other national forest lands.

Table 1 Summary statistics for wildfire size distribution across national forest land-use
categories, using breaks typical of boxplots, for all fires that started on national forests
and the largest 2% of fires that started on national forests. Values (in hectares) are
displayed in tabular form, as the strong right-skew of the data confounded display as a
boxplot figure. Table reflects only those fires for which a final area was recorded

Discussion

Our results show that ignition density is higher near roads than away from them. Across the
National Forest System and in every region examined, the density of wildfire ignitions
within 50 m of a road is higher than in wilderness, Inventoried Roadless Areas, or other
national forest lands, often by quite a bit (Fig. 1). Additionally, ignition density in wilderness
and roadless areas is lower than in roaded lands more than 50 m from a road. It is clear that,

across the national forests, the existence of a road increases the density of ignitions.

This same relationship holds whether ignitions are human-caused or lightning-caused,
though distance from roads clearly has a stronger influence on human-caused ignitions
(Fig. 2), which drop off dramatically with distance, a pattern that holds across regions (Fig.
S1). The ignition density of human-caused wildfires within 250 m of a road was more than
three times greater than at any distance beyond 500 m during the study period and exceeded
the ignition density of lightning fire near roads by almost twofold. Roads even appear to
increase the ignition density of lightning-caused fire, though nowhere near as much as they

influence human-caused fires. Both human- and lightning-caused ignitions decrease
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gradually with distance from roads beyond the immediate zone of influence for reasons that

are not well understood (see below).

The influence of roads on fire size is harder to interpret, given the amount of variation in the
data. The mean size of a fire starting within 50 m of a road is smaller (49 ha) than fires that
start in wilderness (239 ha), Inventoried Roadless Areas (135 ha), or other areas (62 ha)
beyond 50 m of a road, though the high variability makes it difficult to conclude a
meaningful difference (Table 1). The median fire size in every land class is less than one-
twentieth of a hectare, confirming that most fires go out, or are put out, when they are very
small, regardless of where they occur on the landscape. Looking only at the largest 2% of
fires, i.e., those fires that presumably escape initial attack, the location of ignition has very

little influence on eventual fire size (Table 1).

Our results confirm the relationship between roads and fire ignitions reported by others
(Yang et al. 2006; Brosofske et al. 2007; Maingi and Henry 2007; Morrison 2007; Arienti et al.
2009; Narayanaraj and Wimberly 2012; Ricotta et al. 2018). Regardless of climate,
vegetation, or differences in regional cultures, ignition density is higher near roads.
Building new roads is likely to increase fire ignitions. Curiously, this is true for both human-
caused and—to a lesser degree—lightning-ignited fires. In the case of human-caused fire, it
is easy to explain the association as a result of recreational negligence (hot catalytic
converters, discarded cigarette butts, unattended campfires, etc.) or arson (Brosofske et al.
2007; Fusco et al. 2016; Balch et al. 2017; Syphard et al. 2025).

The weak association between roads and lightning fires is harder to explain and could
possibly be due to misattribution of human-caused fires, but our findings are not
unprecedented. The association between roads and the invasion of flammable grasses is well
established (D’Antonio and Vitousek 1992; Greenberg et al. 1997; Trombulak and Frissell
2000; Gucinski et al. 2001; Healy 2020). In a study of boreal forest in Alberta, Arienti et al.
(2009) found a positive association between lightning fire frequency and road density,
which they attributed to the increased availability of flammable fine-fuels near roads, after
ruling out increased detectability (95% of fires were detected either from the air or from a
lookout tower) and increased frequency of lightning strikes near roads. Similarly,

Narayanaraj and Wimberley (2012) found a relationship between lightning-caused fire and
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proximity to gravel roads, which they suggested may be related to fuels near roads, but they
did not rule out detection bias as a possible cause. Beyond the immediate road influence
zone, the general decrease in ignition density with distance may be due to road effects, but it
may also be explained as a decrease in detection probability with distance or even by the fact
that more remote areas tend to be found at higher elevations where progressively cool, moist
conditions may limit ignition. Regardless, the zone nearest roads clearly experiences

elevated ignition density relative to the rest of the landscape.

While the association between roads and ignitions is well known, the association with area
burned is less clear. Whether a place burns is a function not just of the frequency of ignitions
but also the spread of fire. Several authors report higher ignition rates but smaller fire sizes
where human influence is greatest, a phenomenon that Camp and Krawchuk (2017) call
“the WUI fire paradox” —referring to the area known as the “Wildland Urban Interface.”
Dickson et al. (2006) examined wildfire patterns on the Mogollon Rim in Arizona and found
that probability of occurrence was greatest in areas of high topographic roughness and lower
road density and speculated that slow firefighter response times and limited access may be
to blame, though they are clear not to suggest that fire occurrence could be reduced by the
construction of new roads. Both Parisien et al. (2012) and Syphard et al. (2008) found fire
occurrence to peak at an intermediate distance from human activity, eventually attenuating

with remoteness.

Downing et al. (2022) evaluated the common perception that fires start on remote public
lands and move onto private lands where they threaten communities and contrasted that
narrative with an alternative that ignitions are more widespread. Under the first scenario,
community protection can be achieved by reducing fire occurrence on public land; under the
second, community protection is best achieved by addressing fire risk within developed
areas. They found that rather than originating on public lands, most fires that cross
boundaries originate on private lands and are associated with population density and roads.
For cross-boundary fires that originate on national forests, “road density was the most
important variable and demonstrated a strong positive association with ignitions.” They
conclude that increasing resilience of fire-adapted communities is a more rational approach
to risk reduction than trying to exclude fire “based on the mistaken assumption that more

fire suppression expenditures will result in less fire activity.”
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In the most direct assessment of the effects of roadlessness on fire, Johnston et al. (2021)
examined ignition rates and fire sizes in roaded and roadless areas across the national
forests of the western US from 1984 to 2017. Though the area of the two zones was
comparable, roadless areas (wilderness and Inventoried Roadless Areas) experienced one
third of the ignitions experienced in the roaded portion of the national forest system.
Despite the lower ignition rate, the number of fires larger than 121 ha was similar between
zones, and the size of these fires was found to be roughly one third larger on average in
roadless areas than in the roaded landscape. Further, they found 30% of roadless lands to
have burned over the study period compared to 18% of roaded lands, a fact they attributed to
the lack of road access in roadless areas and the flexibility of managers “to allow fires to
burn when these fires are compatible with resource management objectives or when
suppression resources are strained by numerous large fire events.” These findings contrast
with those of Healy (2020), who found that “forests in roadless areas burned at similar
frequencies as the rest of the [National Forest System].” Our results add to these findings by
showing that it is not simply the land classification that matters; the differences are
attributable to distance from roads. Some of the fires that Johnston et al. and Healy
attributed to roadless areas no doubt started near roads adjacent to the roadless areas. Our
analysis shows that, while the average size of fires that start near roads is smaller than those
that start farther away, the average size and ignition density of fires that “escape” initial
attack are similar across land classes. While roads may help keep some fires small, they also
make them more numerous, and some of those fires will grow to become large fires.
Constructing roads into roadless areas would simply increase the number of fires that need
to be suppressed without having a meaningful impact on the likelihood of a large fire

igniting.

As Johnston et al. (2021) and others have suggested, there are a number of reasons why the
average fire size in roadless areas might be larger. One obvious reason is that roads, while
increasing ignition, also likely increase detectability and provide access to suppression
equipment and personnel. As discussed, roads also break up fuels and provide the
infrastructure for both direct and indirect attack (O’Connor et al. 2017). But there is also
considerable evidence that roadless areas are used by incident managers both as places
where fuel reduction objectives can be achieved at minimal risk to HVRA (i.e.,

infrastructure) and where fires simply do not need to be fought when resources are
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stretched thin (Dunn et al. 2017; Johnston et al. 2021). In an analysis of five high-profile fires
that burned in Utah in 2018, Aplet (2019) found roadless areas not to have hindered fire
management but rather to have aided incident decision-making. Similarly, an analysis of
fire suppression activities during the 2002 Hayman Fire in Colorado reported that a whole
division of the fire line in the Lost Creek Wilderness was left unstaffed “due to its low

priority” (McHugh and Gleason 2003). Roadless areas, because of their low density of values

at risk, represent places where fires can be left to burn without endangering the welfare of

firefighters or needlessly deploying precious suppression resources.

For these same reasons, roadless areas are also excellent candidates for the return of fire.
Since the 1960s, when both the National Park Service and the US Forest Service began to
reconsider their policy of fire exclusion, wilderness and other remote areas have been the
targeted location for a policy, variously known as “Let Burn,” “Prescribed Natural Fire,” and
“Wildland Fire Use,” of allowing lightning fires to do their ecological work (Aplet 2006; van
Wagtendonk 2007). Since 1995, the benefits of natural fire have been recognized in national
policy (USDI & USDA 1995, U.S. Department of the Interior et al. 2001), and in 2009, the
“Guidance for Implementation” of federal fire policy directed, “Wildland fire will be used to
protect, maintain, and enhance resources and, as nearly as possible, be allowed to function
in its natural ecological role” (Fire Executive Council 2009). Despite the successful
reintroduction of lightning fire to several national parks and wilderness areas over the past
half century (Parsons 2000; Miller and Aplet 2016), and recent increases in the amount of
area burned across the USA, a “fire deficit” persists relative to historical levels of wildfire

(Parks et al. 2025). Fulfilling the intent of national wildfire policy to allow fire to “as nearly

as possible, be allowed to function in its natural ecological role,” to reduce fuels and restore
habitat, will take concerted effort across all levels of government and a redoubling of efforts
to return fire to the land (Christiansen 2015; North et al. 2015; Miller and Aplet 2016;
Thompson et al. 2016). Roadless areas provide a valuable asset for the achievement of that

goal.

One strategy that has been repeatedly suggested over the past several decades to facilitate
the return of fire is to zone the landscape according to different fire management objectives
(Arno and Brown 1989; Aplet and Wilmer 2010; North et al. 2015; Thompson et al. 2016;

USFS 2024). Common to all of these approaches is the notion that there are some parts of the
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landscape where we do not want fires to burn, other places that are far enough away from
those “values at risk” that we can allow fires to burn on their own terms, and a tension zone
in between, where we are not yet comfortable with fire, and we will need to intentionally
manipulate both fire and fuels. In each case, wilderness and roadless areas provide the
backbone of a strategy to facilitate fire’s return to fire-dependent ecosystems. This notion
was most recently endorsed by a group of leading fire scientists, who declared, “Strategic
fire zones are essential to wildfire risk reduction in the Western United States” (North et al.
2024).

While strategic fire-management zones clarify multiple objectives across the fire-
management landscape, in practice, decisions about objectives will need to be made at a
finer scale (Thompson et al. 2016). Since 2016, various authors have proposed the idea of
dividing the landscape into what they call “Potential Operational Delineations” or “PODs,”
which are “polygon[s] or container[s] whose boundaries are defined by features suitable for
fire control (e.g., ridgetops and roads), and within which information on ecological
conditions, fire risks, management opportunities, and strategic objectives can be
summarized” (Thompson et al. 2022). In other words, PODs are units of the landscape,
defined by roads and other “potential control locations” and generally on the order of a few
thousand to a few tens of thousands of hectares, that can be used to assign objectives for
application before, during, and after a fire (Dunn et al. 2020). Thompson et al. (2022) argue
that each POD should be oriented to a specific “response category,” consistent with the
zones discussed above. Collaborating on action at the scale of PODs, combining the strategic
benefits of both roads and roadless areas, provides a promising means to “eat the elephant”
created by more than a century of fire exclusion and forest degradation (Caggiano 2019;
Thompson et al. 2022).

In conclusion, our results suggest that building roads into roadless areas is likely to result in
more fires. These fires will, on average, be smaller than fires farther from roads, but there
will be more of them, and some of them will grow to become large fires. Nevertheless, both
roads and roadless areas can contribute to strategic, landscape fire management. Where
roads exist, they can be evaluated for their environmental effects and contribution to
defining PODs. Where they are not needed, they can be retired to restore the roadless areas

at the heart of many PODs. As our results show, roads can have both positive and negative
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effects on fire management. They can be a source of accidental (or arson) fire, but they can
also create barriers to the spread of desirable fire under less-than-extreme conditions.
Clearly, roads provide tactical advantage to firefighters, but given the established effect on
ignition density, building more roads into existing roadless areas is not likely to aid the
current challenge. Instead, the greatest benefit of roads may be in helping to define “a
broader, adaptive framework of strategic fire-management planning that is cross-boundary,
collaborative, and designed to improve alignment between fire management and land
management decisions,” i.e., PODs (Thompson et al. 2022). While their environmental
impacts are well understood and must be accounted for, ironically, the existing road
network, and the roadless areas they define, may provide the only way out of our current
wildfire crisis.

Data availability

Designated Wilderness Areas [Dataset]. 2024. U.S. Department of Agriculture Forest Service.
(https:/data.fs.usda.gov/geodata/edw/datasets.php).

*InFORM Fire Occurrence Data Records* [Dataset]. 2024. National Interagency Fire Center.

(https:/data-nifc.opendata.arcgis.com/datasets/inform-fire-occurrence-data-records/

explore).

*Inventoried Roadless Areas* [Dataset]. 2024. U.S. Department of Agriculture Forest
Service. (https:/data.fs.usda.gov/geodata/edw/datasets.php).

*National Forest System Lands* [Dataset] 2024. U.S. Department of Agriculture Forest
Service. (https:/data.fs.usda.gov/geodata/edw/datasets.php).

*National Forest System Lands* [Dataset] 2024. U.S. Department of Agriculture Forest
Service. (https:/data.fs.usda.gov/geodata/edw/datasets.php).

*TIGER/Line shapefiles* [Dataset]. 2024. *TIGER/Line nationwide roads*. U.S. Census

Bureau, U.S. Department of Commerce. (https:/www.census.gov/geographies/mapping-
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files/time-series/geo/tiger-line-file.html).

Abbreviations
HVRA: Highly valued resources and assets
POD: Potential Operational Delineation

USFS: United States Forest Service
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