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Abstract—Between 2001 and 2023, wildfires in the Wildland Urban
Interface (WUI) caused by power lines, vehicles, and equipment
accounted for approximately 23% of the total area burned by identified
ignition sources, burning an estimated 3 million acres in California
alone. These ignition sources have been major contributors to the
destruction of infrastructure, loss of life, and air pollution in WUI
areas. The invasive grass species Bromus tectorum (cheatgrass) has
played a significant role in accelerating the spread of fire. Here
we demonstrate the connection between the presence of cheatgrass
and wildfires of different causes. We find that in California in 2023,
cheatgrass covered close to 60% of the area burned for both powerline
and roadside wildfires, despite covering less than 15% of California.
We also identify the presence of cheatgrass near the ignition sites
of some recent major California wildfires, including the 2018 Camp
Fire and the 2024 Park Fire. We present detailed 10-meter resolution
maps of California identifying powerlines and roads surrounded by
cheatgrass. Our findings highlight the critical importance of vegetation
management in ignition hotspots to mitigate wildfire risks in the WUI.

Index Terms—Wildfires, Wildfire fuel mitigation, Wildfire preven-
tion, Powerline fires, Vehicle fires, Wildfire ignitions.

I. INTRODUCTION

The increasing spatial extent and intensity of wildfires are making
large regions of the United States increasingly hazardous to inhabit
([1], [2]). Since the 1970s, the burnt area, fire season length, and
total number of large fires have all risen significantly across the
country ([2], [3]).

The expansion of human habitation into wildlands, known as
the wildland-urban interface (WUI), has amplified wildfire risk,
resulting in devastating losses of life and property [4]. The trend
of population migration into high-risk fire areas near the WUI ex-
acerbates the potential for wildfire-related disasters [5]. Moreover,
human-caused fires are not randomly distributed but are closely tied
to human settlements and road networks ([6], [7], [8]). Research
shows that ignitions are concentrated near roads, in areas with high
road density, and in proximity to the WUI [9].

Forest roads can influence fire dynamics in complex ways,
serving as fire breaks that constrain fire spread and providing access
for suppression activities [10]. However, increased road access
also elevates the frequency of human-caused fire ignitions [11].
The broader implications of roads for fire management remain a
subject of debate, with some arguing that roads increase the risk
of unwanted human-caused fires, while others contend they reduce
fire hazards by facilitating suppression efforts and fuel treatments
[12].

Human-caused fire ignitions arise from various sources, includ-
ing burning carbon particles from automobile exhaust, improperly
discarded cigarette butts, and recreational activities such as poorly
extinguished campfires. The extent and location of road access play
a critical role in shaping the number and distribution of potential
ignition sources. Previous studies have examined the relationships
between fire locations and factors such as roads, trails, towns,
vegetation, rivers, topography (elevation, slope, and aspect), forestry
operation sites, and other geographic variables ([13], [14]).

Overhead powerlines significantly contribute to wildfire risk as
they traverse large expanses of flammable forests and grasslands
[15]. While wildfires are a natural process vital to many ecosystems,
they can inflict severe harm on people, communities, and infrastruc-
ture. Human activities have profoundly altered wildfire patterns over
time, intensifying their threat to lives, property, and infrastructure.
For example, on October 21, 2007, around 12:30 p.m. local time,
the Witch Creek Fire ignited in San Diego County. This was one
of over two dozen wildfires fueled by an exceptionally strong
Santa Ana wind event in Southern California. High winds can
damage electrical transmission infrastructure, and in this instance,
the fire was reportedly triggered by wind-induced faulting (arcing)
of powerlines approximately 20 meters above ground level. The fire
spread quickly and combined with other wildfires, becoming one
of the largest in California’s history [16].

The Dixie Fire, one of the largest and most destructive wildfires
in California’s history, began on July 13, 2021, at approximately
6:48 a.m. local time when a large Douglas fir fell onto a power
line. The cause of the tree’s fall remains uncertain—one arborist
from CAL FIRE attributed it to weakening from the 2008 Butte
Lightning Complex fire, while another arborist suggested root rot
as a possible factor. When the tree made contact with the power line,
two fuses blew, but one remained active, keeping the line energized.
This created an electrical fault as the tree touched both the power
line and the ground. Over the subsequent hours, electrical arcing
ignited ground fuels, ultimately leading to the massive wildfire [17].

While much of the current research focuses on mapping trees
at risk of falling onto power lines ([18],[19]), this paper takes
a different approach by investigating how to identify via remote
sensing flammable vegetation that, in the event of a fault, could
most easily ignite and escalate into large wildfires.

Cheatgrass, an invasive annual grass not native to North America,
has profoundly influenced fire regimes across the Intermountain
West, especially in the Great Basin [20], [21]. The grass earned
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the name ”cheatgrass” due to its propensity to invade wheat fields,
thereby reducing farmers’ harvests [22]. Before 1850, this region,
known for its winter precipitation, primarily supported ecosystems
dominated by perennial grasses and shrub-steppe vegetation. His-
torical accounts from early expeditions in the Great Basin describe
upland areas as being rich in bunchgrasses from genera such as
Festuca, Agropyron (now Pseudoroegneria), and Elymus [22].

Originally native to arid areas of western and central Europe,
southwestern Asia, and northern Africa, cheatgrass was uninten-
tionally introduced to North America during the late 19th century
through at least seven separate events. These introductions were
largely the result of contaminated grain seed, packing materials,
and ship ballast [23]. Early infestations were most common near
wheat fields, as B. tectorum seeds often contaminated wheat seed
stocks, and along railroads, where straw containing B. tectorum
was used as packing material for transported goods. Additionally,
B. tectorum was at times intentionally sold and planted as forage
for degraded rangelands [24]. Its spread closely mirrors patterns of
European human migration [23].

By increasing the continuity and abundance of fine fuels, cheat-
grass significantly enhances fire frequency compared to the natural
cycles in native ecosystems [25], [26]. Its unique phenological traits,
including peak productivity in early spring before native shrubs and
grasses, further exacerbate its impact [27].

This paper focuses on characterizing the added risk cheatgrass
represents in WUI areas. Building on California’s cheatgrass map
identified by satellite remote sensing [28], we determine the fraction
of the area burnt that is covered by cheatgrass for fires that started
in the vicinity of powerlines and highways. To highlight the role of
the ignition source, we also determine the same cheatgrass coverage
fraction for wildfires ignited by lightning strikes, where we find a
dramatically different coverage.

The paper is organized as follows. In Section II we introduce the
datasets and methods used for the analysis, along with details on
two catastrophic wildfires that will be our case studies. In Section
III we present our results, including cheatgress overrepresentation
in WIO, the effect of cheatgrass on fire behavior, two case studies,
and maps of cheatgrass in California near highways and power
lines. We conlude in Section IV.

II. DATA AND METHODOLOGY

A. Cheatgrass Land Use Land Cover (LULC)

In our recent study [28], we utilized Sentinel-2 satellite data
alongside artificial intelligence (AI) techniques to generate Land
Use and Land Cover (LULC) maps that accurately represent the
distribution of Cheatgrass across California. The analysis employed
one year of data (e.g., July of the previous year to June of the
current year) to capture the seasonal dynamics of vegetation. For
example, the 2024 LULC map was derived using data from July
2023 to June 2024, enabling the identification and mapping of
highly flammable grasslands ahead of California’s peak wildfire
season, which typically starts in July [29].

To develop the initial labels for this mapping, [28] integrated
open-source Calflora data [30], which provided detailed field ob-
servations of vegetation types. A semi-supervised machine learning
algorithm was then employed to refine these labels, iteratively

improving the accuracy and consistency of the dataset by aligning
satellite data with ground truth observations. By combining AI-
driven analysis with refined labeling, the LULC mapping process
[28] effectively captured the temporal variability and phenological
changes of Cheatgrass. Figure 1 depicts the 2024 Cheatgrass LULC
map from [28], which serves as the basis of the present study.

Fig. 1: Cheatgrass LULC map of California for 2024 adopted from
[28], overlaid with historical fire perimeters in California [31].

B. Power line, roadway and wildfire datasets

California has 33,000 miles of power lines, with PG&E owning
57%, Edison 16%, and San Diego G&E 6%, while 18% belongs to
municipal utilities and 3% is federal [32]. According to the 2015
Interregional Transportation Strategic Plan, the California State
Highway System (SHS) comprises approximately 51,326 lane-miles
of roadway. Figure 2 illustrates the extensive network of overhead
powerlines and highways across California. Given this immense
scale and the limited preparation time available for the annual forest
fire season, it is crucial to utilize remote sensing technology to
predict potential ignition points and manage vegetation effectively.

We utilized the Transmission Line dataset [33], the Highways
dataset [34], the Historical Fires shapefile [31], and ignition point
data from CAL FIRE’s Incident dataset [35]. These datasets provide
a comprehensive view of infrastructure and fire history, aiding in
the assessment of wildfire ignition risks and mitigation strategies.

Table I highlights that nearly 3.27 million acres were burned
by wildfires ignited by Powerlines, Equipment Use, and Vehicles
between 2001 and 2023, which collectively account for close to
23% of the area burned by known causes. These fires pose an
outsize threat to human populations as they occur at the Wildland-
Urban Interface (WUI).
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