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Chapter 4: Wildfire

INTRODUCTION 
Fire is a natural and necessary ecological process in 
California ecosystems. However, ongoing changes in 
fire regimes and climate, combined with the vulnera-
bility of people and infrastructure, make it a singular 
management challenge (Bowman et al. 2020). Due to 
California’s storied history with wildfire, experience 
with risk, and investment in management response, 
the state serves as a harbinger to regions newly experi-
encing wildfire exposure in a rapidly changing environ-
ment. This chapter describes current topics and trends 
relating to the extent, ecological role, and land man-
agement concerns from increasingly large and intense 
wildfires, while direct impacts to people are addressed 
in Chapter 11 (Wildfire Risk to Communities).

Land and wildfire are inseparable, and over evolution-
ary time ecosystems have developed the capacity to 
burn, recover, and burn again. Fire regimes character-
ize this relationship, representing an ecological pro-
cess that maintains ecosystem structure and function. 
Settlement by Euro-Americans over 200 years ago dra-
matically altered fire regimes by changing ignitions, 
vegetation, and fuels, and later by initiating 150 years of 
effective wildfire suppression. This alteration resulted 
in widespread changes in vegetation structure and pat-
tern across the landscape (Hagmann et al. 2021). More 

recently, human-caused influences on the climate have 
exacerbated drought and moisture deficits while also 
increasing the frequency of weather conditions associ-
ated with the most severe and damaging fires, leading 
to increases in area burned, particularly at high sever-
ity (Parks et al. 2025) (see Chapter 7, Climate Change). 

While we have known for decades that modern fire 
regimes are not sustainable in their current and 
expected future forms, we are capable of moderat-
ing this trend. Amid changing fire regimes and con-
tention around appropriate management practices for 
sustaining fire-dependent ecosystems, we see some 
burned areas experience beneficial fire effects (Shive et 
al. 2025), while other areas experience changes in eco-
system type, or “type conversion” (Coop et al. 2020), 
which may be undesirable. By eliminating fires that 
burn under mild or moderate conditions, fire suppres-
sion has contributed to increases in the overall extent 
and impacts of wildfire, including the increased costs 
and damages currently unfolding (Kreider et al. 2024). 
The challenge faced by the State of California is to have 
fires provide the greatest benefit while minimizing their 
negative consequences. While California’s fire ecology 
is well understood, the challenge of balancing compet-
ing fire impacts is ultimately reduced to decisions made 

i 4.1 Fire Return Interval Departure

i 4.2 Wildfire Hazard Potential

i 4.3 Wildfire Activity

i 4.4 Fire Severity

i 4.5 Vegetation Treatments

INDICATORS

Forested area burning in the 2021 Dixie Fire in the Sierra Cascades 
ecoregion. Photo: CAL FIRE.
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by leadership and landowners and is based on values 
placed on land, people, and infrastructure. As such, 

wildfire serves as the defining relationship of California 
to the landscape. 

SUMMARY
Challenges related to wildfire constitute some of the 
most critical land management, development, and 
policy concerns in California (Ellis et al. 2022). Since 
the 2017 Assessment, we have seen massive increases 
in wildfire activity (i4.3), with direct negative impacts 
on natural resources, socio-human assets, fatalities, 
and risks to public health (Dube 2025, Higuera and 
Abatzoglou 2021). Fires originating from the electri-
cal utility sector’s network of overhead infrastructure 
and associated electrical power systems have been dis-
proportionally responsible for these large and damag-
ing fires. Along with increasing area burned, the pro-
portion of fire burning at high severity has increased 
(i4.4), leading to large areas at risk of vegetation type 
conversion. Significantly, recent high severity wildfires 
have also caused an estimated loss of nearly 20% of old 
growth giant sequoia trees, an iconic keystone species. 

Wildfire is perhaps the most influential actor on ecosys-
tems throughout the state, and direct action is needed 
to mitigate impacts on both natural and human sys-
tems. Indigenous Californian fire regimes prior to 
Euro-American settlement (EAS) promoted ecosystem 
stability and ecological balance and produced needed 
outputs for livelihoods. Modern landscapes continue to 
have extensive areas with substantial departure from 
those pre-colonial regimes (i4.1). Although wildfire 
is a statewide issue, wildfire hazard, which reflects a 
combined metric of burn probability and potential fire 
behavior, is highest in the Klamath and Interior Coast 
Ranges, Southern Coast and Mountains, and Sierra/
Cascades ecoregions (i4.2). To address wildfire hazard 
and the risk of damage to highly valued assets and 
resources, there have been expanding efforts to increase 

the pace and scale of fuels reduction treatments (i4.5), 
including using cultural burning that incorporates tra-
ditional ecological knowledge (TEK). While fuel treat-
ments increase forest resilience to disturbances, there 
continues to be a significant backlog of areas needing 
treatment. There also is increasing recognition that 
many low- to moderate-severity wildfires can contrib-
ute substantially to fuel reduction, effectively serving as 
initial treatments within a long-term resilience strategy. 

Fire effects and impacts stemming from changes to his-
torical fire regimes, along with ongoing climate change, 
have created increasingly clear trends and emergent 
problems. In addition to loss of life, property, and 
health impacts from smoke exposure, adverse impacts 
include loss of timber value, increased insurance costs, 
and reduced property values. As our forests and other 
natural ecosystems show greater instability, and their 
capacity to provide natural resource services is reduced, 
the evidence is apparent that current fire management 
strategies must change to meet these challenges. We 
need a new paradigm for managing our wildlands—one 
that fosters their health and resilience, while at the same 
time reduces threats to communities, public health, and 
safety. The following pages depict the indicators used in 
this chapter to illustrate the status and trends in wild-
fire in California. Further narrative is included in the 
chapter discussion, as well as identification of oppor-
tunities for addressing wildfire concerns for forests and 
rangelands. Topics related to community wildfire pro-
tection are addressed in Chapter 11 (Wildfire Risk to 
Communities).
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Indicator 4.1: Fire Return Interval Departure
Which Montreal Process Criterion does the indicator evaluate?
MPC3: Maintenance of forest ecosystem health and vitality 

Why is this indicator important? 
Most of California’s fire-adapted ecosystems are burning either too often or not often enough, and in conjunction 
with land use practices and development, this has led to ecosystem function and structure changes. These changes 
cascade down to fuels, vegetation density and composition, hydrology, and wildlife habitat. In turn, altered vegeta-
tion can potentially change fire behavior, fire severity, and ecosystem sustainability. 

What does the indicator show? 
Fire return interval departure (FRID) 
quantifies the difference between current 
and reference fire frequencies. Negative 
values indicate more frequent fire occur-
rence than reference (fire excess), and posi-
tive values indicate less frequent fire occur-
rence (fire deficit). FRID classes represent 
low, moderate and high departure classes. 
Values of -1 and 1 indicate <33.3% depar-
ture and can be considered not substantially 
departed from reference frequencies. FRID 
was summarized by CA Wildlife Habitat 
Relationships Lifeforms. Mixed Forest rep-
resents Mixed Conifer-Hardwood. 

Key Findings:
	y Areas dominated by conifer, hardwood, and mixed conifer-hardwood vegetation are mostly burning less fre-

quently than they did in the pre-settlement era, with 69% of the combined area of these vegetation types in high 
positive departure (FRID class 3). This condition is most evident in the North Coast, Klamath/Interior Coast, 
and Sierra/Cascades ecoregions. This percentage represents a slight decrease from 75% in high departure in the 
2017 Assessment. 

	y Shrub-dominated areas are burning both more and less frequently than their reference, with 15% by area in 
moderate or high negative departure (classes -2 and -3) and 46% in moderate or high positive departure (classes 
2 and 3). 

	y The shrub-dominated area in moderate or high negative departure has declined from 23% statewide during the 
2017 Assessment, largely due to sites crossing the threshold from class -2 to -1 due to the increase in time since 
the last fire. Of the ~44.8 million acres of wildland vegetation with altered fire return interval, 67% have expe-
rienced too little fire. The majority of that is in the class of highest departure from historical normal fire return 
interval.

Data Source
California Fire Return Interval Departure (Safford et al. 2022).
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Indicator 4.2: Wildfire Hazard Potential							     
Which Montreal Process Criteria does the indicator evaluate?
MPC2: Maintenance of productive capacity
MPC3: Maintenance of forest ecosystem health and vitality

Why is this indicator important?
Wildfire hazard potential (WHP) represents the relative likelihood of damaging or difficult-to-control wildfires, 
making it a critical factor for proactive fire and land management. WHP is a spatial index that combines estimates of 
wildfire likelihood and potential intensity to highlight areas most likely to experience extreme wildfire. While WHP is 
not a complete wildfire risk assessment, it is a useful tool for guiding fuel treatment strategies and identifying areas 
where communities and resources have elevated wildfire hazard. 

What does the indicator show?
WHP is generated from wildfire behavior simulations and incorporates inputs such as fuel conditions and histori-
cal fire records. Areas classified as Very High or High WHP are more likely to experience intense fire activity under 
severe weather conditions. 
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Key Findings: 
	y More than 17 million acres of California’s total area (around 21% of the state’s burnable lands) are classified as 

having High or Very High WHP. The Southern Coast and Mountains as well as Klamath/Interior Coast Ranges 
ecoregions have the highest proportion of Very High WHP.

	y The Southern Coast and Mountains ecoregion has about 15% classified as Very High and 12% as High WHP, 
with these areas mainly concentrated in mountainous and mid-to-high elevation zones.

	y The Klamath/Interior Coast Ranges ecoregion has around 14% classified as Very High WHP. This region also 
has the highest combined proportion of High and Very High WHP (~40%), making it the most concentrated 
region for wildfire hazard potential.

	y In the Sierra/Cascades ecoregion, around 5% of the area has Very High WHP and about 55% falls within 
Moderate or High ranges, primarily distributed across the western side of the mountain ranges.

Data Source
CAL FIRE and Pyrologix, Wildfire Hazard Potential (CAL FIRE and Pyrologix 2025, Dillon et al. 2015).
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Indicator 4.3: Wildfire Activity—Trends in Burned Area
Which Montreal Process Criteria does the indicator evaluate?
MPC3: Maintenance of forest ecosystem health and vitality
MPC4: Soil and water resources
MPC5: Maintenance of forest contribution to global carbon cycles

Why is this indicator important? 
Fire is an important and inevitable ecological process across much of California, and there was significantly more 
burning across California prior to Euro-American settlement. California’s ecosystems have experienced changes from 
a century of fire exclusion and land management practices, along with population and development increases that 
have placed people, infrastructure, and ecosystems at significant risk from wildfire. Appropriate fire management 
planning requires an understanding of how much area is burning relative to ecological need (i4.1), as well as where 
and in which vegetation types burning has occurred. Understanding trends in these characteristics over time can pro-
vide insight into whether past and current fire and land management policies intended to protect people and pro-
mote ecological resilience of natural systems have been effective, and how we may adapt these policies into the future.

What does the indicator show? 
Average annual area burned for broad vegetation fuel classes by decade. The 2020s period is an annual average for 
the years 2020–2024 as indicated by the vertical dashed line, which carries lower reliability due to the shorter time 
period and potentially greater influence from short-term climate events. However, this period includes years with 
both very low and very high burned area, and therefore does capture high inter-annual variability.
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Key Findings:
	y Approximately 1,634,800 acres burned annually in California between 2020–January 2025, on average, up 

from an annual average of 667,961 acres for the period 2010–2019 and 604,133 acres from 2000–2009. 

	y Annual rates of burning in forests, and the average size of large fires (>10,000 acres), have increased over the 
last 13 years. 

	y Between 1960 and 2009, shrub-dominated vegetation experienced the greatest average annual burned area. 
Since 2010, forest vegetation has experienced the greatest average annual burned area. 

	y Nine of the 10 largest wildfires in recorded history (beginning in 1932) have occurred since 2017. 

Data Source 
CAL FIRE, Historical Fire Perimeters (CAL FIRE 2025b).
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Indicator 4.4: Proportion of High Severity Wildfire in Forests
Which Montreal Process Criteria does the indicator evaluate? 
MPC1: Conservation of biological diversity
MPC2: Maintenance of productive capacity
MPC3: Maintenance of forest ecosystem health and vitality
MPC4: Soil and water resources
MPC5: Forest contribution to global carbon cycles

Why is this indicator important? 
The majority (~80% by area) of California’s forests are adapted to frequent, low to moderate severity fire, with high 
severity patches typically 40 acres or less in size. These patchy high severity mosaics support diverse forest structures 
across the landscape that are beneficial to forest health. However, large patches of high severity fire greater than 40 
acres in size can negatively affect ecosystem services and lead to long-term loss of forest through vegetation type con-
version to shrub or grass.

What does the indicator show? 
Change in the proportion of fire severity by 10-year intervals for the years 1984–2023.

Key Findings: 
	y The average annual area burned 

at high severity within California 
forests has increased by approx-
imately 99,300 acres per year 
between 1984 and 2023.

	y The proportion of area burned 
at high severity within California 
forests increased from 20% 
during 2004–2013 to 26% during 
2014–2023, with the total area 
burned at high severity rising by 
1,486,125 acres over this time 
period. This far surpasses the 
historical range for mixed coni-
fer forest (4%–13%), the most 
abundant forest type in the state.

	y The patch size of high severity fire has also increased, which has negative ecological consequences such as a lack 
of natural tree regeneration in many forest types.

Data Sources
CAL FIRE, Management Landscape Forestland (CAL FIRE 2022).
U.S. Geological Survey and U.S. Department of Agriculture, Forest Service; Monitoring Trends in Burn Severity, 
Annual Burn Severity Mosaics (USGS et al. 2021).
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Indicator 4.5: Vegetation Treatments					  
Which Montreal Process Criteria does the indicator evaluate?  
MPC2: Maintenance of productive capacity
MPC3: Maintenance of forest ecosystem health and vitality  
MPC4: Soil and water resources
MPC5: Forest contribution to global carbon cycles

Why is this indicator important?  
Past land and fire management policy has created a landscape where the natural role of recurrent fire in maintaining 
ecosystem structure and function is extremely limited (i4.1). This has increased Wildfire Hazard Potential (i4.2), 
endangering important ecological and human assets, including notably over 3 million housing units in the Wildland 
Urban Interface (WUI) (i11.3). Fuel treatments are an important tool used to reduce threats to ecosystems and 
communities.

What does the indicator show?  
Annual activity acres of fuel reduction work completed in California by CAL FIRE and federal agencies from fiscal years 
(FY) 2018–19 through 2024–25. Fuel reduction work includes activities falling under the CalMAPPER Objectives of 
broadcast burn (which includes pile burning), fuel break, fuel reduction, and right of way clearance. Treatments com-
pleted by other state departments are not included due to lack of reliable data prior to 2021. Federal area treated was 
calculated from the California Wildfire and Forest Resilience Task Force (WFR Task Force) Interagency Treatment 
Tracking System data (WFR Task Force 2025b), with exclusion of activities not included in CAL FIRE reporting (i.e., 
pest control, reforestation, and planned treatment burned in wildfire). The federal data include only treatments by 
the U.S. Department of Agriculture Forest Service (USFS) and the Department of Interior (DOI). The state FY runs 
from July through June while the federal FY runs October through September.
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Key Findings: 
	y The average annual area treated for fuel reduction by the state’s largest fire and land management agencies over 

the last seven years is about 357,000 acres, an increase of 37% compared to the annual rate reported in the 2017 
Assessment. 

	y Although federal agencies have treated the largest area annually, CAL FIRE has increased the average annual 
area it treated from ~17,000 acres to ~124,000 acres since the 2017 Assessment, and has treated over 100,000 
acres per year every year since state FY 2019–20. 

	y Forest resilience treatments displayed on the online Wildfire and Forest Resilience Interagency Treatment 
Dashboard cover a more comprehensive set of land management activities across a greater number of agencies 
than the fuel treatment data included in this indicator (WFR Task Force 2025c). These activity acres totaled over 
1 million across the state in calendar years 2023 and 2024, up from around 800,000 acres in 2021 and 2022. 
Footprint acres, which account for overlap in areas that receive multiple treatments, ranged from 571,000–
767,000 acres for the years 2021–2024, with a generally upward trend. 

	y Constraints on treatments include risk aversion and public concerns, limited funding and workforce capac-
ity, environmental air quality regulations, and disagreements around priorities between agency leadership and 
project managers. An additional challenge is in quantifying indirect benefits of treatments (e.g., avoided wildfire 
emissions, increased baseflow in streams, greater numbers of jobs in rural communities). 

	y High restoration need, coupled with challenges that can be faced for timely treatment implementation, make 
it impossible to fully curtail the negative impacts from large, severe wildfires. Taking opportunities offered by 
ecologically beneficial fire events or treating low-moderate severity areas within wildfires may be significant 
components of fire restoration and risk management going into the future. The area of federally (USFS and 
DOI) planned treatments burned in wildfire before treatment implementation occurred and where wildfire 
impacts aligned with treatment goals ranged from 3,337–91,578 acres/year and averaged 19,433 acres annu-
ally between the 2018–19 through 2024–25 fiscal years.

Data Sources
CAL FIRE data from CalMAPPER (CAL FIRE 2025a).
Federal fuel treatment data from the Interagency Treatment Tracking System (WFR Task Force 2025b).
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DISCUSSION
Fire Regimes  

Baseline versus Current 
Fire regimes define the pattern and variability of fire 
frequency and impacts to ecosystems, and are largely 
driven by interactions between ignitions, climate, and 
vegetation fuels (Agee 1993). Climate expressed as 
weather patterns plays a particularly dominant role in 
that it can provide ignitions and is a major influence 
on both growing and burning conditions. Humans in 
California have coexisted with fire since time imme-
morial, but many characteristics of fire regimes have 
changed dramatically since Euro-American settle-
ment (EAS). Prior to EAS, fire was a central tool that 
humans used across most landscapes for resource man-
agement and other cultural purposes (Anderson 2005, 
Klimaszewski-Patterson et al. 2024).

It is estimated that approximately 4.5 million acres 
burned annually in California prior to EAS from light-
ning and human-caused ignitions (Stephens et al. 2007, 
Van de Water and Safford 2011), although there was 
significant variability in pre-EAS fire regimes between 
vegetation types and regions (Noss et al. 2006, Safford 
and Van de Water 2014). Evidence suggests that fire 
activity at regional scales was closely connected to cli-
mate for millennia (Margolis et al. 2025, Marlon et al. 
2012). Indigenous fire management likely buffered cli-
mate’s influence on fire activity at local to landscape 
scales and strongly influenced fire regimes prior to 
widespread EAS (Roos et al. 2022, Taylor et al. 2016). 

The long-established relationship between fire, Native 
Americans, and climate in California began to change 
with Native American depopulation during the Spanish 
Mission era. In 1793, the governor of Alta California 
banned Indigenous burning (Timbrook et al. 1982) and 
in 1850, the newly constituted State of California did the 
same. During the gold rush and subsequent EAS period, 
the forced removal and genocide of Indigenous people 
from the lands they had previously stewarded resulted 
in a marked decline in burning. Fire activity was fur-
ther reduced after implementation of federal fire sup-
pression policy across the West, resulting in a deficit of 

low and moderate severity fire in many California veg-
etation types (Mallek et al. 2013, Taylor et al. 2016, 
Williams et al. 2023). This alteration of fire regimes, 
in combination with more intensive land use practices 
and drastic increases in population and development, 
has resulted in significant vegetation changes in many 
California ecosystems over the last century. 

Pre-EAS fire regimes, or reference fire regimes, were 
as varied as California’s landscapes, but can be gen-
eralized by broad vegetation types (Table 4.1). Forest 
types that are relatively dry and warm, such as lower 
montane coniferous forest, typically burned at low to 
moderate severities and on short fire return intervals 
of approximately 11–16 years on average. Cooler and 
moister forest types, such as red fir (Abies magnifica) 
and subalpine forests, burned at mixed severity and on 
longer return intervals of 40 years (red fir) or over 100 
years (subalpine) on average. Mixed evergreen forests 
were intermediate between these two types in terms of 
severity and frequency. Coast redwood (Sequoia sem-
pervirens) forests, although relatively cool and moist, 
burned with similar frequency and severity as the dry 
and warm forests, as did oak woodlands (Van de Water 
and Safford 2011), where grasses and forbs constituted 
the primary fuels to carry fire. California’s grasslands 

Table 4.1. Reference fire return intervals (FRI) for selected 
California vegetation types

Vegetation 
Type  Mean Min. FRI Mean FRI Mean Max. 

FRI
Chaparral   30 55 90
Coastal Sage 
Scrub  20 76 120

Mixed Conifer 
(Dry)  5 11 50

Mixed Conifer 
(Moist)  5 16 80

Mixed 
Evergreen  15 29 80

Oak Woodland  5 12 45
Pinyon-Juniper  50 151 250
Red Fir  15 40 130
Coast 
Redwood  10 23 170

Subalpine 
Forest  100 133 420

Yellow Pine  5 11 40

Data Source: Van de Water and Safford (2011).
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and coastal prairies, which were diverse mixes of forbs 
and perennial and annual grasses, possibly burned as 
often as every one to five years, largely due to inten-
tional use of fire by humans to maintain early seral veg-
etation and inhibit shrub encroachment (Bartolome et 
al. 2007, Lightfoot and Parrish 2009, Rutherford et al. 
2020). Chaparral typically burned at high severity every 
30 to 90 years, while most desert systems lacked contin-
uous fuels to carry frequent fire and therefore burned 
infrequently, along the order of every 65 to 600 years on 
average, depending on the vegetation type (Bartolome 
et al. 2007, Lightfoot and Parrish 2009, Rutherford et 
al. 2020). 

It is difficult to determine the spatial extent of individ-
ual fires from the distant past, thus fire size is an aspect 
of historic fire regimes for which there is great uncer-
tainty. More recent records show that the annual fre-
quency of large fires (>24,711 ac or 10,000 ha) in 

California had several peaks between 1860 and 2020: 
during the 1920s, in 2007 and 2008, and in 2018 and 
2020. Four of the 12 largest fires during this period 
occurred in the late 19th century, and six were from 
2017 to 2020 (Keeley and Syphard 2021). Four addi-
tional fires >200,000 acres (~80,950 ha) have occurred 
since 2021 (Table 4.2). Larger fires recently made up 
a greater proportion of burned area than in the early 
suppression period as well. In northern and central 
California forests, larger fires (>30,011 ac or 12,145 
ha) constituted 53–73% of burned area in the contem-
porary period, but only 0–6% during the period of early 
fire suppression (1911–1924) (Collins et al. 2019), 
although the total number of fires in both periods was 
similar. 

Modern fire regimes in forested systems statewide 
have largely shifted in the direction of lower frequency 
and higher severity than reference fire regimes (i4.1, 

Table 4.2. Largest California wildfires by size, 1960–2024
Fire Name Date County Area (acres)
August Complex August 2020 Colusa, Glenn, Lake, Mendocino, Shasta, Tehama, Trinity 1,032,700 

Dixie July 2021 Butte, Lassen, Plumas, Shasta, Tehama 963,405 

Mendocino Complex July 2018 Colusa, Glenn, Lake, Mendocino 459,123 

Park July 2024 Butte, Tehama 429,603 

SCU Lightning Complex August 2020 Alameda, Contra Costa, Merced, San Joaquin, Santa Clara, Stanislaus 396,825 

Creek September 2020 Fresno, Madera 379,842 

LNU Lightning Complex August 2020 Colusa, Lake, Napa, Solano, Sonoma, Yolo 362,921 

North Complex August 2020 Butte, Plumas 318,797 

Thomas December 2017 Santa Barbara, Ventura 281,791 

Rush¹ August 2012 Lassen 271,785 

Cedar October 2003 San Diego 270,686 

Rim August 2013 Mariposa, Tuolumne 256,176 

Zaca July 2007 Santa Barbara, Ventura 240,359 

Carr July 2018 Shasta, Trinity 229,651 

Monument July 2021 Trinity 223,108 

Caldor August 2021 Alpine, Amador, El Dorado 221,786 

River Complex July 2021 Siskiyou, Trinity 199,354 

Laguna² September 1970 San Diego 174,162 

Marble-Cone² August 1977 Monterey 173,334 

SQF Complex August 2020 Tulare 171,489 

Data Notes: 
1. California acres only.
2. Data source results in shift in fire size, reordering the list compared to the 2017 Assessment.

Data Source: CAL FIRE (2025b).
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regimes. Data Source: Safford et al. (2022).
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i4.4) (Steel et al. 2015, Williams et al. 2023), and while 
much of the state’s shrublands are also experiencing 
less frequent fire, a notable portion of modern shrub-
lands are experiencing more frequent fire than under 
reference conditions (i4.1). Ecosystem changes in 
forested systems such as increased tree density, struc-
tural homogenization, and fuel buildup, especially at 
low to mid-elevations, represent conditions that more 
readily support severe fire (Agee and Skinner 2005). 
These changes also contribute to drought-related mor-
tality (Fettig et al. 2007), which can further promote 
increased subsequent wildfire severity in dry forest sys-
tems (Sieg et al. 2017, Wayman and Safford 2021). In 
contrast, shrub-dominated systems of the central and 
southern California coast regions are adapted to peri-
odic high-severity crown fire, and fire in shrublands in 
these regions has continued at a frequency that is either 
consistent with or greater than pre-EAS reference fire 
regimes (i4.1). As with other parts of the state, humans 
cause the vast majority of fire ignitions in these systems, 
especially in the more densely populated areas. In some 
coastal shrublands, fire is returning at significantly 
shorter intervals than the systems are adapted to, plac-
ing them on a trajectory of type conversion from native 
woody vegetation to non-native herbaceous vegetation 
(Keeley and Brennan 2012). Similarly, in desert areas 
of the state, the interaction between climate change 
and increased fuel continuity due to invasive grasses 
has led to an increase in fire size, frequency, and inten-
sity (Syphard et al. 2017, van Etten et al. 2022), putting 
them at risk for native vegetation loss and conversion 
to grasslands (see Chapter 2, Sustainable Rangelands). 

Fire Return Interval Departure (FRID)

Fire return interval departure (FRID) quantifies the 
difference between current and reference fire return 
intervals (the time interval between fire occurrences at 
a defined location). Historical (pre-EAS) fire frequen-
cies have been developed for most woody vegetation 
types in California, serving as a reference for compar-
ison to current fire activity. Significant deviation from 
historical fire return intervals can signal potential eco-
system change, such as the buildup of hazardous fuels, 
changes to vegetation type, structure, or composition, 
and unsustainable tree densities. 

Areas dominated by conifer, hardwood, and mixed 
conifer-hardwood vegetation are burning much less 
frequently than pre-settlement reference frequen-
cies, with 66–73% of area in these vegetation types in 
high-positive departure (Condition Class 3; fire return 
intervals >67% longer than reference) (i4.1). This is 
most evident in the Sierra Nevada, Southern Cascades, 
and North Coast-Interior mountain ranges of north-
ern California, but it is also apparent for many of the 
hardwood and conifer dominated areas of the Southern 
Coast and Mountains ecoregion (Figure 4.1). 

Shrubs also show predominantly positive FRID depar-
ture, but in contrast to forested areas, some shrub-dom-
inated areas are burning more frequently than their 
reference, with ~15% by area in moderate- or high-neg-
ative departure classes across the state. It should be 
noted, however, that this has decreased from 23% since 
the 2017 Assessment due to reduced fire frequency in 
some areas, although it is unknown if this will become 
an ongoing trend. Overly frequent burning is more 
acute in the southern portion of the state, where 22% 
of shrubland vegetation in the Southern Coast and 
Mountains ecoregion is in moderate- or high-negative 
departure (shorter fire return intervals). Some shrub-
lands in the interior North Coast Range north of the San 
Francisco Bay have burned six times in the past 30 years 
(Grupenhoff and Safford 2024), indicating that too-fre-
quent fire is also a concern for northern California chap-
arral. Still, ~46% of shrublands statewide are either 
moderately or highly positively departed, representing 
a deficit of fire compared to reference fire regimes.

Fire Trends
Burned Area 
Wildfire is a natural component of California’s for-
ests and rangelands where it catalyzes succession, 
nutrient cycling, and can reduce the severity of subse-
quent fires (Pausas and Keeley 2019). However, wild-
fire can also degrade the health of California’s forests 
and rangelands when it occurs at severities or frequen-
cies greater than its natural range of variation (Ayars et 
al. 2023). Over the last six decades (1960–2024), wild-
fires within California have become larger (Figure 4.2) 
(i4.3), with nine of the 10 largest wildfires post-1932 
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occurring since 2017 (Table 4.2). These changes in 
wildfire have affected both California’s forests and 
rangelands (Figure 4.3), with annual wildfire burned 
area in California having more than doubled between 
2020–20241  (1,634,797 acres/year) when compared 
to 2010–2019 (667,952 acres/year). Annual burning in 
forests has increased by 165%, while for rangelands it 
has increased by 35% over the same time period. This 
dramatic increase in burning has resulted in a greater 
amount of forested area than rangeland burning each 
year on average since 2009, a reversal of historical con-
ditions (i4.3). 

Although the area burned has increased, the number 
of ignitions has been relatively stable in recent years 
(Figure 4.4). The main drivers of the increases in 
burned area vary across ecosystem types. Within range-
lands, high wildfire years are primarily driven by the 
co-occurrence of drought and Santa Ana wind events 
in southern and central California (Keeley et al. 2022), 

1	 January 2025 fires present in the 2024 perimeter data (CAL FIRE 2025b) were included as a partial year.

and in many areas can be enhanced when high tempera-
tures or extended dry periods follow wetter than normal 
years that promote greater growth of fine fuels (Swain 
et al. 2025). However, increasing burning in forests is 
driven by a combination of fuels accumulation due to 
a century of wildfire exclusion (Stephens et al. 2024) 
and climate change-driven lengthening and intensifica-
tion of wildfire seasons (Turco et al. 2023). For exam-
ple, extreme drought and bark beetle activity that cre-
ated high levels of tree mortality led to extensive burned 
area in the southern Sierra Nevada in the last decade 
(Stephens et al. 2022).

Wildfire Severity 
As wildfires have grown in size, so have their effects 
on California’s forests. Wildfire severity, the measure 
of wildfire-caused vegetation mortality, has increased 
within California’s forests over the last four decades 
(1984–2023) (i4.4). While forests may be adapted to 
a low extent of high severity wildfire occurring in small 

Figure 4.2. Average size and annual number of large wildfires (>10,000 acres) by decade. *January 2025 fires present in the 2024 
perimeter data (CAL FIRE 2025b) were included as a partial year. The 2020–2024 period carries lower reliability due to the shorter 
time period and potentially greater influence from short-term climate events. Data Source: CAL FIRE (2025b).
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Figure 4.3. Location of wildfires occurring between 1960 and January 2025. More recent fires are shown on top of older 
fires. Bar chart inset shows average annual area burned by decade. The 2020s period is an annual average for the years 
2020–2024, which carries lower reliability due to the shorter time period and thus potentially greater influence from 
short-term climate events. Data Source: CAL FIRE (2025b).
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patches, larger patches present a problem for regen-

eration of species that depend on nearby, live trees 

to serve as a seed source. For example, historical fire 

regimes in yellow pine (dominated by Pinus ponder-
osa or P. jeffreyi) and mixed conifer forests occasion-

ally included patches of high severity up to 40 acres in 

size, with rare occurrences of patches up to 250 acres 

(Meyer 2015, Minnich et al. 2000, Safford and Stevens 

2017). Over time, the percentage and amount of area 

burned at high severity, along with area that is distant 

from surviving trees, has increased, leading to a height-

ened need for post-fire reforestation (see Chapter 1, 

Resilient Forests). The stand-replacing decay coef-

ficient (Stevens et al. 2017) reflects both the size and 

shape of high severity patches within wildfires to illus-

trate the amount of area that may lack sufficient natu-

ral seed sources for tree reestablishment. Larger patch 

sizes and less complex shape (e.g., circular as opposed 

to narrow and branched) result in lower values of the 

stand-replacing decay coefficient, which has shown a 

downward trend over time (Figure 4.5). 

Wildfire severity is influenced by both forest structure 
and weather conditions, each of which human activities 
have altered. A century of fire suppression combined 
with selective logging has dramatically reshaped forest 
structure, resulting in many more small trees and fewer 
large trees than existed historically. These changes 
have also increased surface fuels and ladder fuels, 
which facilitate crown fires and create extensive, con-
tiguous regions of forest fuel that enable explosive fire 
growth. While these structural changes have affected all 
Californian forests, those managed for private indus-
trial use have had the greatest increase in small tree 
densities (Easterday et al. 2018). Historically, wildfires 
have burned a greater proportion of California’s pub-
licly owned forests than those on private lands (Table 
4.3). However, lengthening and worsening wildfire sea-
sons due to anthropogenic climate change combined 
with forest structural changes have made contempo-
rary private industrial timberlands especially prone to 
high-severity wildfires (Levine et al. 2025). Between 
1984 and 2023, burned area of publicly owned lands 
was 23% high severity, while burned area of private 
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al fires with very low SDC values. Data Sources: CAL FIRE (2022) and USGS et al. (2021).

Table 4.3. Total and proportion of burned area in Californian forests between 1984–2023 by land ownership
Land  
Ownership  
Class

Total Forest Area Unchanged/Low Severity Moderate Severity High Severity

Acres Percent Acres Percent Acres Percent Acres Percent

Public 16,207,275 63.3% 5,088,155 83% 2,528,487 79.9% 2,218,132 79.1%

Private 9,385,980 36.7% 1,044,986 17% 637,300 20.1% 586,158 20.9%

Data Sources: CAL FIRE (2022), CAL FIRE (2024), and USGS et al. (2021).

lands was 26% high severity (Table 4.3). An analysis of 
more recent fires (2018–2021) found an even greater 
proportion of high severity fire, with 41% high sever-
ity on private forest industry lands, 37% high severity 
on National Forest System (NFS) lands, and 33% high 
severity on private nonindustrial forestlands (MBG 
2023).

These changing wildfire effects are particularly dam-
aging to prevalent forest types such as California 
mixed-conifer, which rely on nearby surviving seed trees 
to enable post-fire seedling establishment (Stewart et 

al. 2021, Welch et al. 2016), and will likely cause large 
regions of forest loss if replanting and subsequent fuel 
reduction treatments are not undertaken (see Chapter 
1, Resilient Forests) (Stevens-Rumann and Morgan 
2019). This increase in the severity of California’s wild-
fires is largely driven by a century of forest fuels accu-
mulation due to a policy of wildfire suppression (Kreider 
et al. 2024), which now burns during hotter, drier, and 
longer wildfire seasons due to anthropogenic climate 
change (Turco et al. 2023).
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High Severity Fire Impacts on Old-Growth Giant Sequoia

Giant sequoia (Sequoiadendron giganteum) is an 
iconic keystone tree species found naturally only 
in California. In total there are about 25,450 acres 
(10,300 ha) of giant sequoia (Stephenson et al. 
2024b) in approximately 70 groves in the Sierra 
Nevada (Shive et al. 2021). They can live to 3,000+ 
years and are the largest trees in the world, mea-
sured by volume. Giant sequoias are well adapted 
to low and moderately severe fires, which histori-
cally burned very frequently through the groves. This 
type of fire was highly beneficial, decreasing sur-
face fuel loads, reducing the density of fire-intoler-
ant conifer species that result in fuel ladders to tree 
crowns, promoting seed dispersal from cones open-
ing, and producing canopy gaps that promoted giant 
sequoia seedling establishment (CSAF 2022, Meyer 
and Safford 2011, Shive et al. 2022). Additionally, 
the forest canopy remained mostly intact, and fires 
severe enough to kill most sequoias over large areas 
did not occur for at least 1,000 years before 2015 
(Stephenson et al. 2024b). 

A century of fire exclusion has (1) reduced giant 
sequoia regeneration, and (2) greatly increased fuel 
loads in sequoia groves (e.g., Meyer and Safford 
2011, Soderberg et al. 2024). Additionally, cedar 
bark beetle (Phloeosinus spp.) activity has increased 
noticeably since 2018, with some death documented 
in a small number of large giant sequoia trees (Foote 
et al. 2024, GSLC 2025). Cedar bark beetle activ-
ity has been observed in groves in Sequoia and 
Kings Canyon National Parks, Yosemite National 
Park, Mountain Home Demonstration State Forest, 
Calaveras Big Trees State Park, and on tribal and 
other federal lands (A. Ambrose, personal commu-
nication, February 7, 2024). Research on this beetle 
and its impacts to giant sequoia is currently ongoing 
(GSLC 2025; see Chapter 5, Forest Pests). More sig-
nificantly, increased temperatures, severe drought 
events from 2012–2016 and 2020–2022, and a sub-
sequent bark beetle (primarily western pine beetle 

and mountain pine beetle) epidemic that killed pine 
species surrounding mature giant sequoias and 
increased dead woody fuel loads, have contributed 
to multiple large damaging wildfires. Significant 
amounts of high severity fire occurred within the 
groves from 2015 through 2021 (Shive et al. 2021, 
Stephenson and Brigham 2021).

Recent studies have documented the impacts of 
these catastrophic fires to giant sequoia groves. 
Fire-caused mortality was previously rare for large 
sequoia trees, but concerns began to arise follow-
ing wildfires occurring in 2015–2017 that had sub-
stantial areas of high severity in giant sequoia groves, 
where 84% of large old growth sequoias died (Shive 
et al. 2022). Subsequently, the 2020 Castle Fire pro-
duced losses estimated to be 10–14% of the entire 
population of the largest trees (over four feet in 
diameter) (Shive et al. 2021). The 2021 season in the 
southern Sierra Nevada included the KNP Complex 
Fire and the Windy Fire, which partially or fully 
burned 28 groves. It is estimated that these fires pro-
duced an additional 3–5% mortality of the total giant 
sequoia old growth population, which combined with 
the 2020 fire impacts equates to an estimated loss of 
~18% (Shive et al. 2026). 

Although giant sequoias are adapted to regenerate 
after fire, seedling densities tend to be lower with 
increasing fire severity (Soderberg et al. 2024). Areas 
burned at high severity and greater than ~330 feet 
(100 m) from live sequoia trees are likely to experi-
ence inadequate natural regeneration. Exceptional 
summer heat and severe drought are additional fac-
tors that have been found to limit adequate post-
fire regeneration in recent fires (Stephenson et al. 
2024a). 

Forest ecologists have documented that active forest 
management is needed to adequately protect these 
world-famous trees where high severity fire is likely 
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(e.g., Shive et al. 2021). Prescribed fire and man-
aged wildfire use have thus far not been adequate in 
their pace or scale (CSAF 2022). Where prescribed 
fire use and mechanical thinning treatments have 
taken place, they appear to have reduced fire severity 
and allowed fire crews to more effectively control fire 
in giant sequoia groves (Hankin et al. 2023, Shive 
et al. 2021, Stephenson et al. 2024b). For exam-
ple, Mountain Home Demonstration State Forest 
(MHDSF) has had regularly planned timber harvest-
ing, bark beetle salvage logging operations, and fuel 
treatments conducted over the past 20+ years (argu-
ably since 1946 with some lapses). The 2020 Castle 
Fire killed approximately 7% of the old growth giant 
sequoias present on MHDSF, less than half of that 
estimated to have occurred in areas with lower levels 
of treatment (Figure 4.6). Mortality was higher near 
the grove edges and in areas with drier slopes, where 
fuel conditions led to a crown fire run (CAL FIRE 
2022) (Figure 4.6). Areas that had had some form 
of timber harvest and/or fuel treatments, such as 
prescribed fire, had lower fire intensity and greatly 
reduced mortality. Steep, densely stocked areas with 
small, sub-merchantable timber adjacent to neigh-
boring land ownerships had very high mortality rates 
(J. Kral, personal communication, August 30, 2023) 
(Nagelson et al. 2026). 

Prescribed fire use alone has been shown to often be 
inadequate for long-term giant sequoia stand man-
agement (CSAF 2022). Thinning treatments may be 
necessary in and around giant sequoia groves that 
have not burned in several decades or where pre-
scribed fire has not reduced tree density signifi-
cantly. Groves that have not been previously treated 
with prescribed fire, managed wildfire, or mechan-
ical thinning are the highest priority for treat-
ments (CSAF 2022). Clearly, active management is 

2	 This total includes acres that have been treated across more than one treatment category from 2022–2024. An additional 1,626 acres 
have been planted.

required to increase resilience of remaining groves 
so that these large old growth trees will survive or 
avoid future high severity fires and the trees can 
successfully regenerate. The Giant Sequoia Lands 
Coalition (GSLC) was formed in 2021 by all the 
entities with old-growth groves to promote active 
forest management, and approximately 17,120 acres 
had been treated (fuels reduction, broadcast burn-
ing, pile burning) by GSLC members by the end of 
2024 (GSLC 2025).2 Additionally, artificial regen-
eration (planting) was determined to be necessary 
in six groves with very high fire severity. Planting 
took place during 2023 in areas with little or no nat-
ural reproduction where crown fires occurred in 
the Board Camp and Redwood Mountain groves in 
Sequoia and Kings Canyon National Parks (GSLC 
2023, Stephenson et al. 2024b). A total of 44 giant 
sequoia groves have been treated with fuels reduc-
tion and/or reforestation (GSLC 2025).

Varied fire severity at Mountain Home Demonstration State 
Forest resulting from the 2020 Castle Fire. Photo: CAL FIRE.
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Figure 4.6. Castle Fire severity at Mountain Home Demonstration State Forest (MHDSF). Black x’s represent dead large 
giant sequoia trees (upper figure). Bottom panel shows land management treatments on MHDSF during the 15 years 
prior to the 2020 Castle Fire. Adapted from Nagelson et al. (2026).
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Economic Impacts of Large Wildfires in California 

As extreme wildfire activity increases across the state, 
impacts to society need to be closely monitored in order 
to set appropriate mitigation and suppression policy. 
Since the 2017 Assessment, considerable research has 
focused on quantifying the economic impacts of wildfire 
in California and the West. This section briefly summa-
rizes this literature, focusing on both the costs of wild-
fire management and the direct and indirect economic 
damages. 

Various typologies are available for categorizing the 
economic impacts of wildfires. The cost and net value 
change (C+NVC) framework is a useful conceptual 
model that separately quantifies costs of wildfire man-
agement and losses from wildfire damage (Donovan 
and Rideout 2003). Wildfire management costs include 
spending on wildfire preparedness, mitigation, and sup-
pression, while net value change refers to the net dam-
ages (also referred to as losses) from a wildfire event. 
These could include direct damages such as fatalities, 
structure loss, adverse health outcomes from smoke 
exposure, and loss of standing timber, or indirect losses 
such as supply chain disruptions, impacts to prop-
erty markets, and general economic impacts (Thomas 
et al. 2017). By focusing on the net value change, this 
framework also acknowledges the potential for benefi-
cial ecosystem service outcomes from wildfire (Pausas 
and Keeley 2019). This accounting framework is useful 
for separating expenditures associated with wildfire 
management from the economic impacts of wildfire. 
When summed up, costs and losses can be interpreted 
as the economic burden of wildfire. While this analyti-
cal framework is very useful, it must be acknowledged 
that economic analysis cannot account for all wildfire 
impacts.

Wildfire management costs have increased substantially 
since the 2017 Assessment. For example, CAL FIRE’s 
total expenditures (adjusted to 2024 dollars) have aver-
aged approximately $3.7 billion per year since the 2017 

3	 Chapter 13 (Institutional Response) discusses institutional changes in CAL FIRE in detail, including funding and budget breakdowns.
4	 Chapter 11 (Wildfire Risk to Communities) discusses wildfire smoke impacts to public health in additional detail.

fiscal year, compared to $1.9 billion per year from 2010–
2017, and $1.4 billion per year from 1995–2010.3 Fire 
protection expenditures account for the vast majority 
of the agency budget, although mitigation expenditures 
have increased substantially as well. Federal spending 
on wildfire suppression has also increased substantially 
over the same period (NIFC 2023). 

Much of the recent academic research on the economic 
impacts of wildfires has focused on quantifying eco-
nomic damage from wildfire and wildfire smoke. While 
a full review is beyond the scope of this Assessment, 
we highlight several advances in quantifying the 
health burden of smoke exposure, the direct and indi-
rect impacts on physical structures and housing mar-
kets, timberland value loss, and other general economic 
impacts. 

Smoke emissions from wildfire activity have increased 
significantly over the past several decades, presenting an 
increasing risk to public health,4 with an associated eco-
nomic burden. The increase in emissions has been large 
enough to nearly offset the pollution reductions made 
through policies such as the Clean Air Act. The public 
health impacts of wildfire smoke exposure are well doc-
umented and include increased all-cause mortality and 
increased incidence of respiratory disease (Heft-Neal 
et al. 2023). Translating this public health burden in 
dollar terms shows that mortality and morbidity asso-
ciated with smoke exposure far outweigh wildfire sup-
pression costs in California (Wang and Lewis 2024). 
From the perspective of individuals, there is strong evi-
dence that people are willing to pay substantial sums 
to avoid wildfire smoke exposure, with a recent review 
suggesting ranges of $100–442 per person per smoke 
day (Dittrich and McCallum 2020). 

Damages to property and other structural assets are 
another large category of economic loss from wildfire 
events, and the monetary value of structure loss has 
increased dramatically in recent decades. The past two 
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decades have been especially damaging, with multi-bil-
lion-dollar annual losses becoming more common 
(Buechi et al. 2021). Wildfires can also have broader 
impacts on housing markets by abruptly changing hous-
ing supply, reducing amenity values for homes near burn 
scars, and affecting the risk perception towards future 
wildfires (Garnache 2023, McCoy and Walsh 2018). 
While a number of studies have documented that hous-
ing prices temporarily drop in response to larger wild-
fire events, the size of this effect in California housing 
markets is relatively small (Dong 2024). There are also 
nuances, as shown by research following the 2018 Camp 
Fire that found that home prices in the areas surround-
ing Paradise increased substantially almost immedi-
ately following wildfire due to the surge in demand from 
displaced residents (Hennighausen and James 2024). 
Research has also documented how wildfire smoke can 
negatively affect home prices (Huang and Skidmore 
2024). Given the substantial value of California’s hous-
ing stock located in high-risk areas, more research is 
needed to better understand the mechanisms driving 
the relationship between wildfire and property markets.

Wildfire presents a significant financial risk to 
California’s timber industry. A recent report found that 
from 2018–2021, large fires (>10,000 acres) destroyed 
over 11 billion board feet of timber in California, valued 
at approximately $12.6 billion (MBG 2023). Wildfires 
also affect timber markets by altering the risk percep-
tions of timberland owners, which are then capitalized 
into the value of timberland. Wang and Lewis (2024) 
estimate that wildfires over the past 40 years have 
decreased the value of California timberland nearly 
14%, with over half of this decline attributable to shifts 
in landowners’ expectations of future wildfire risk. This 
shift lowers land prices by increasing perceived hazard 
and discounting future timber revenues, rather than 
through direct physical losses from fire. 

Indirect economic damages are less readily observable 
but have received considerable attention in the aca-
demic literature since the 2017 Assessment. A number 
of recent studies have quantified the indirect economic 
damages from smoke emissions, which have the poten-
tial to affect much larger populations than the fire 

itself. For example, Borgschulte et al. (2024) estimate 
that smoke exposure leads to large reductions in labor 
income, employment, and labor force participation, 
with total economic impacts being similar in magnitude 
to the cost of premature mortality due to smoke expo-
sure. Other studies have documented adverse impacts of 
smoke exposure on learning outcomes (Wen and Burke 
2022), recreational activity (Gellman et al. 2022), and 
supply chains (Wang et al. 2021). An emerging body of 
literature has also begun documenting the financial dis-
tress of wildfires on various consumer groups (Issler et 
al. 2020, McConnell et al. 2021). 

While much of the research on the economic impacts of 
wildfires has focused on a single dimension of damages, 
several studies have aggregated various components 
in an attempt to calculate the total economic damage 
of wildfire (both for individual fires and entire wildfire 
seasons) in California and nationally. Table 4.4 high-
lights several of these studies. Direct comparison is dif-
ficult since the studies often evaluate different damage 
components; however, they give a sense as to the mag-
nitude of the problem, especially regarding suppression 
and mitigation expenditures (Barrett 2018, Dale and 
Western Forestry Leadership 2009). These studies high-
light two important issues. First, the scale of damages 
is quite large, with totals of over $100 billion per year 
from the two California-wide studies. This amounts to 
4–7% of state gross domestic product (GDP). This loss 
represents damages during some of the most destruc-
tive wildfire seasons in California’s history. Second, the 
composition of damages shows that indirect economic 
effects are the largest component of damages. In Paci et 
al. (2023), lost income accounted for 51% of total dam-
ages, while in Wang et al. (2021), indirect economic dis-
ruptions accounted for 59% of the damages. Premature 
mortality and morbidity from smoke exposure was the 
second largest category of damages, ranging from 22% 
of total damages (Wang et al. 2021) to 39% (Paci et al. 
2023). 

Ecosystem Trajectories from Altered Fire Regimes
Forests
Forest recovery from increasing high severity fire 
faces challenges outlined in greater detail in Chapter 
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1 (Resilient Forests). As discussed above, where many 
of the largest and most destructive California wild-
fires have recently occurred, natural tree regeneration 
is unlikely to occur within large high severity patches 
where the distance to a surviving seed source is greater 
than 330 feet (100 m) (North et al. 2019, Shive et al. 
2024, Welch et al. 2016). Between 2018 and 2021, 
668,000 acres of high severity fire in California exceeded 
these patch size and distance to seed source thresholds 
(MBG 2023). In a recent analysis applying data from 
Davis et al. (2023), it is anticipated that up to 82% of 
future high severity fire areas in California will have nat-
ural regeneration failure (under a high global emissions 
scenario, RCP 8.5; DeLyser et al. 2025). Without ade-
quate reforestation in conifer-dominated forests follow-
ing large-scale high severity fire, there is a high risk of 
vegetation type conversion to shrublands or oak wood-
lands. Thus, active reforestation is needed if such areas 
are to recover to forested vegetation types on a human 
generational timescale, and reforestation would need to 
have a long-term commitment of fuel treatments to be 
successful. 

The obstacles to meeting post-fire reforestation needs 
in California are substantial, especially on federal lands, 
yet realistic opportunities for overcoming these obsta-
cles exist. It is estimated that 0.4 million acres of private 
forests and at least 1.1 million acres of federal forest 
lands would benefit from reforestation efforts follow-
ing 2019–2021 wildfires (WFR Task Force 2024), and 
increasing active post-fire reforestation efforts is one 

of the state’s priority nature-based climate solutions 
(CNRA 2022). Yet numerous limitations in the refor-
estation process, also coined the reforestation pipeline, 
are inhibiting planting efforts on all land ownerships, 
but particularly on federal lands. Barriers include costly 
project planning processes, inadequate seed collection 
and processing, insufficient seedling nursery capac-
ity, inadequate site preparation, and insufficient fund-
ing and associated workforce (Dobrowski et al. 2024). 
The California Reforestation Pipeline Partnership was 
established in 2022 to address these barriers, and mean-
ingful progress has been made by this and other enti-
ties to increase seedling production, workforce develop-
ment, and funding for implementation. Prioritization of 
areas for conifer replanting can be informed by recently 
developed planning tools that predict areas of insuffi-
cient natural regeneration and areas where post-fire 
reforestation outcomes are most likely to be successful 
(Stewart et al. 2023) (see Chapter 1, Resilient Forests). 

With uncertainty in future global climate conditions and 
ecological response, there is a need for adaptive man-
agement to consider different options regarding forest 
recovery from severe wildfire. Pre- and post-fire man-
agement actions across sites should encompass multi-
ple pathways for ecosystem recovery from severe wild-
fire, with adaptive management strategies falling along 
a gradient of tolerance for ecosystem change. Resistance 
actions are aimed at maintaining a relatively unchanged 
forest; resilience actions allow change from pre-distur-
bance conditions but encourage an eventual return to 

Table 4.4. Studies estimating the total economic damage of wildfire in California and U.S.

Study Unit of 
Analysis Time Frame Value (billion 

$2022/year) % of GDP Components

Paci et al. 2023 California 2017–2021 $117.40 3.60%
Structure loss/damage, fire fatalities, response 
and clean up, mortality and morbidity from 
smoke, income loss from smoke

Wang et al. 2021 California 2018 $148–226 4.5%–6.9% Structure loss/damage, mortality and morbidity 
from smoke, supply chain disruptions

JEC Democrats, 
2023 National Varies $394–893 2–4% Mortality and morbidity from smoke

Thomas et al. 2017 National Varies $87.4–427.8   

Data Notes: All estimates have been converted into $2022 using the California Consumer Price Index (for California studies) or the Consumer 
Price Index (for national studies). Fraction of GDP estimates use either state or national real GDP for the year in which the study reports 
outcomes.

Data Source: CAL FIRE.
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a reference condition; and transition actions are aimed 
at actively facilitating change to encourage adaptive 
responses (Meyer et al. 2021, Nagel et al. 2017). For 
example, facilitating transition from conifer forest to 
hardwood-dominated forests such as California black 
oak (Quercus kelloggii) may be desirable due to the eco-
logical value and the cultural importance of this species 
to Native Americans (Stephens et al. 2023). 

Shrublands
Many shrubland systems in California currently have 
substantial areas experiencing too-frequent fire, rather 
than a fire occurrence deficit. Several chaparral sys-
tems are adapted to burning infrequently and at high 
severity (i.e., shrubs that are top-killed by fire), with 
the estimated fire return interval and degree of spa-
tial patchiness of fire varying across shrubland types. 
If insufficient time passes between fires to allow shrubs 
to mature to reproductive age and replenish the seed-
bank, or to restore sub-surface carbohydrate stores 
necessary for vigorous resprouting, the dominance of 
native shrub species can decline post-fire. This frees up 
competitive space for non-native annual grass invasion, 
which creates a more contiguous and highly flammable 
fuel bed that can foster more frequent fire, perpetuating 
the decline of native shrubs (D'Antonio and Vitousek 
1992). Portions of California’s desert shrublands, often 
dominated by sparse, fire sensitive species, are similarly 
experiencing too-frequent fire due to increased fuel 
continuity from non-native grass invasions (Balch et al. 
2013, Brooks and Matchett 2006, Syphard et al. 2017). 

After wildfire in shrub-dominated systems, manage-
ment actions can consider similar broad objectives out-
lined above for forested systems: resistance, resilience, 
and transition. Adaptive management should eval-
uate the areas likely to recover to a desired condition 
naturally, and where this is unlikely to occur, further 
parse the landscape based on whether restoration to a 
pre-fire reference condition is feasible. Where condi-
tions related to climate, invasive species, or other fac-
tors suggest that the site is unlikely to support native 
perennial vegetation ill-adapted to frequent fire, man-
agement actions could consider actively transitioning 
the site to an alternative vegetation type that maximizes 

ecosystem services provisioning (Meyer et al. 2021). 
For example, where non-native cheatgrass (Bromus 
tectorum) has successfully invaded a formerly sage-
brush (Artemisia spp.) dominated site and sagebrush 
is unlikely to persist due to a novel frequent fire regime, 
post-fire restoration with native perennial grasses and 
forbs may provide desirable ecosystem services even 
within a cheatgrass matrix (Meyer et al. 2021).

Carbon, Fire Regimes, and Carrying Capacity 

The carbon storage capacity of California’s vegetation 
in a warming climate will depend heavily on the extent 
and severity of future wildfire. While current carbon 
stocks in many of California’s montane conifer forests 
are much higher than they were under reference con-
ditions (Collins et al. 2011), these forests are more vul-
nerable to loss from wildfire since they are denser, with 
more ladder fuels and a higher proportion of small trees 
(Lydersen et al. 2013). Forest area loss in California, in 
the absence of increasing the pace and scale of resto-
ration treatments, could be as much as 48% of current 
extent by 2070 due to future wildfire and potential post-
fire regeneration failure, with a net carbon loss of 24% 
by 2045 (DeLyser et al. 2025). 

Forest Inventory and Analysis (FIA) data indicate 
California’s forests are currently serving as a net carbon 
sink, but the rate of aboveground live tree carbon gain 
has declined 76% compared to the 2017 Assessment, 
driven mainly by decreases on NFS lands (see Chapter 

The 2017 Detwiler Fire burning in Mariposa County. Photo: 
CAL FIRE.
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7, Climate Change) (i7.5). These declines are in agree-
ment with reduced carbon storage predicted by models 
under climate change (CARB 2022, Liu et al. 2011). 
These results also generally agree with trends for 
increased tree mortality associated with wildfires and 
other forest health issues reported in the California Air 
Resources Board (CARB) Natural and Working Lands 
Ecosystem Carbon Inventory (CARB 2025). 

California’s forest restoration treatments are often 
designed with a stated goal of stabilizing future carbon 
stores, via modifying potential fire behavior and ame-
liorating adverse impacts of drought and insect pests 
(Sapsis et al. 2016). Thinning and burning treatments 
cause a decrease in carbon stocks in the short term, 
but may realize long-term carbon gains compared to 
a no-treatment scenario (Zhu et al. 2025). These gains 
can come via growth due to decreased competition 
(Wiechmann et al. 2015) and/or increased resistance 
to drought mortality, and increased carbon stability via 
decreased chance of high severity wildfire (Hurteau et 
al. 2019, Yackulic et al. 2025). In forests historically 
adapted to frequent fire, most studies suggest that den-
sity reduction treatments, especially those that include 
a burn treatment, are likely to result in increased future 
carbon storage as compared to no-treatment scenar-
ios, due to their mitigating effect on wildfire behavior 
(Hurteau et al. 2016, Krofcheck et al. 2017, Loudermilk 
et al. 2017, Yackulic et al. 2025). However, the increas-
ingly extreme nature of disturbance in California’s for-
ests necessitate elevating the pace, scale, and inten-
sity of fuels treatments above current targets if forests 
are to become in alignment with the future lowered 
carbon carrying capacity (Bernal et al. 2022, Hurteau 
et al. 2024). See Chapter 7 (Climate Change) for greater 
detail on recent carbon trends and Chapter 1 (Resilient 
Forests) for statewide initiatives and strategies related 
to stabilizing carbon stocks.

Fire Hazard and Risk Assessment
Wildfire hazard and risk are terms that are often mis-
understood or conflated but collectively refer to the 
possibility of a wildfire occurring and causing undesir-
able outcomes and impacts. Establishing clear termi-
nology around hazard and risk has been a major effort 

over the last two decades, underpinned by standardized 
lexicon (Bachmann and Allgower 2001) and a quan-
titative risk modeling framework for use in wildfire 
management (Finney 2005). In general terms, hazard 
refers to a physical condition that may lead to damage 
or loss while risk is an estimate of that damage or loss. 
In the specific context of wildfire, fire hazard refers to 
the likelihood of wildfire occurring at a particular loca-
tion and the fire behavior (e.g., intensity, rate of spread, 
fire type) that could be expected given the fuel, topog-
raphy, and weather conditions at that location (Parisien 
et al. 2019). An area with a high probability of intense 
wildfire occurring would be considered hazardous. 
Alternatively, another area may be capable of pro-
ducing intense wildfire, but the probability of wildfire 
occurring may be relatively low, resulting in a moder-
ate or low hazard. Wildfire risk expands from hazard 
to include valuation of things impacted by fires, and 
how various fire behaviors interact with these elements 
to produce change. Often, wildfire risk is viewed as the 
interaction of hazard on assets or resources of value as a 
function of their vulnerability to damage from a fire. As 
noted above, the terms hazard and risk are often con-
flated—when speaking of wildfire risk, it is key to spec-
ify “risk to what.”

Today, people are inexorably embedded in and adjacent 
to the wildland, and loss of life and property is obviously 
the highest and most significant impact from wildfire 
(see Chapter 11, Wildfire Risk to Communities). But 
within fire-prone landscapes there also exists a suite of 
assets, resources, and ecosystem services that people 
value (valued assets, resources, and services or VARS), 
including homes and communities, infrastructure, 
wildlife habitat, slope stability, timber, recreational 
opportunities, water resources, and many other compo-
nents and processes of ecosystems. Wildfire can impact 
these VARS negatively (e.g., a home burning, loss of 
old growth forest), and in some cases positively (e.g., 
improving wildlife habitat, increasing drought resis-
tance). The sign (negative or positive) and the magni-
tude of the impacts depend on the wildfire intensity and 
the response of the VARS to that wildfire. A home may 
be damaged by low intensity wildfire or destroyed by 
high intensity wildfire, both negative outcomes but of 
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different magnitude. A fire-adapted, dry, pine-dom-
inated forest may respond positively to low intensity 
fire or sustain long-term undesirable damage, such as 
type conversion, by an uncharacteristically high inten-
sity fire. 

Wildfire risk thus refers to the expected impacts to 
VARS from wildfire. We can assess wildfire risk by 
identifying the VARS in a particular area that may be 
impacted by wildfire, assessing the likelihood of wildfire 
occurring where they are located, evaluating the wild-
fire intensity to which those VARS may be exposed, and 
understanding how those VARS will respond. In short, 
wildfire hazard is the expected wildfire for a location, 
and wildfire risk is wildfire hazard plus the expected 
impact of that fire on the things we care about. An anal-
ysis of risk and how it is spatially distributed across 
the landscape is an important element of both opera-
tional wildfire response planning as well as pre-fire 
risk mitigation efforts such as prescribed fire, mechan-
ical treatments, defensible space, or home hardening. 
Wildfire risk assessment allows us to distribute limited 
resources more effectively, from fire engines to invest-
ments in fuel reduction, and there are a host of mod-
eling platforms designed to assess wildfire risk explic-
itly using these components and relationships (Scott 
et al. 2013). The 1996 California Fire Plan (CA BOF 
and CAL FIRE 1996) is an early example of an effort to 
develop and implement such a strategy (see Chapter 13, 
Institutional Response, for further discussion). 

In Situ vs. Transmitted (Source) Wildfire Risk
Wildfire risk can be viewed and evaluated from two 
important lenses. First, in situ risk is the risk posed to 
VARS from wildfire hazard at the same location. For 
example, a home or structure within the forest or urban 
interface may have significant in situ fire risk due to 
heavy fuels immediately surrounding it and from the 
topography and expected weather at that location. But 
wildfire risk can also be transmitted from hazardous 
conditions in another location (also known as source 
risk). For example, wildfires that start miles away from 
an important communications tower may be likely to 
impact that tower given the particular fuels, weather, 
and topography between the two locations. Embers gen-
erated from a wildfire in a nearby forest may be likely to 
loft into a community, given prevailing wind patterns in 
the area. Thus the risk to a particular resource or asset 
may be posed by the wildfire hazard in its immediate 
vicinity (in situ), or in a location some distance away 
(source), and “transmitted” to that asset. 

Contemporary Wildfire Hazard 
Wildfire hazard is characterized by both the expected 
fire behavior at a location, and the likelihood of fire of 
any intensity actually occurring (Figure 4.7). Various 
methods exist for estimating these elements and map-
ping them across the contemporary landscape, either 
separately or as integrative measures. Prior assess-
ments have used an integrative metric called Fire 
Threat, which combined historical fire rotation (prob-
ability) for different vegetation strata with estimates of 
potential fire behavior under near-worst case weather 
conditions. Wildfire Hazard Potential (WHP), used in 
this assessment, utilizes a different approach, simulat-
ing thousands of “fire years” on a contemporary land-
scape (fuels and topography) with stochastic weather 
and ignition patterns drawn from historical records 
(Dillon et al. 2015, Finney et al. 2011). Estimates of 
fire intensity and probability are averaged across the 
thousands of fire-year simulations and integrated into 
the single WHP metric (Figure 4.8). WHP evaluated 
for the year 2022 shows more than 17 million acres in 
high or very high hazard across all burnable areas in 
the state (i4.2). These hazardous areas are distrib-
uted unevenly, with the Southern Coast and Mountains, 

The 2025 Palisades Fire burning in an urban area of Los Angeles 
County. Photo: CAL FIRE.
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Klamath/Interior Coast Ranges, and Sierra/Cascades 

ecoregions having the highest proportions. Areas with 

recent wildfires tend to be classified as lower hazard ini-

tially, primarily due to the reduction in fuel loads and 

potential fire intensity, especially in areas of high sever-

ity. Reduction in hazard from wildfires and from man-

agement actions such as fuel treatments (see below) can 

change the distribution of hazard across the landscape 

in the near-term but will need maintenance as fuels 

regrow and change over time. The intersection of WHP 

and valued resources and assets can give us a picture of 

where we anticipate the greatest impacts to the things 

humans care about in the near future. It is important 

to acknowledge that while prioritizing high values of 

WHP makes sense for strategic planning, risk is still 

widespread in lower WHP areas, often due to the influ-

ence of relatively low likelihood of fire burning there on 

potentially vulnerable, high-value assets. All wildland 

areas of the state exhibit some level of wildfire risk that 

needs to be understood and managed for.

Electrical Utility Wildfire

Since 2000, fires originating from the electrical utility 

sector’s network of overhead infrastructure and associ-

ated electrical power systems have been disproportion-

ally responsible for large and damaging fires. Five of the 

state’s most destructive fires were caused by powerlines 

(see Chapter 11, Wildfire Risk to Communities). In 

response to devastating utility-caused fires in 2017 and 

2018, Senate Bill (SB) 901 (2018) created new require-

ments for wildfire risk mitigation planning for electri-

cal utilities, and ultimately led to the creation of a new 

Office within the California Natural Resources Agency 

(CNRA), the Office of Energy Infrastructure Safety, 

which has direct oversight and regulatory review of 

the mandated Wildfire Mitigation Plans (WMPs) filed 

by investor-owned utilities. The public service ben-

efit associated with utility companies presents com-

plex challenges for companies and regulators seeking 

to reduce risk and liability, as well as fire management 

agencies that are responsible for managing fire control 

in the context of ongoing climate change (Wara et al. 

2024). 
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Figure 4.7. Selected wildfire hazard metrics estimat-
ed for 2023: annual burn probability, characteristic 
fireline intensity, and probability of extreme wildfire 
behavior (flame lengths >11 ft). Data Source:  
CAL FIRE and Pyrologix (2025).
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Figure 4.8. Wildfire hazard potential by ecoregion. Data Source: CAL FIRE and Pyrologix (2025).
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Risk reduction through enhanced hardening of infra-
structure (e.g., covered conductors, undergrounding, 
improved fault detection systems); preemptive power 
de-energization (Public Safety Power Shutoff [PSPS]); 
and targeted vegetation mitigation activities are 
common features of ignition management developed 
out of these WMPs. These approaches are currently 
being improved through risk modeling techniques 
incorporating weather and fuel condition forecast-
ing, two-dimensional fire spread modeling, and emer-
gent risk assessment techniques to estimate potential 
impacts of fires from the utility power network (Huang 
et al. 2023, Luu 2023). However, these modeling efforts 
have been criticized for bias in both under- and over-es-
timating risk and the mitigation effectiveness of pro-
posed policies and treatments. Critically, the influence 
of severe dry wind events presents unique challenges 
for ignition management and planning, and notably, 
the risk may be underestimated as the public health 
impacts for wildfire smoke are largely missing from risk 
assessments (Mitchell 2023).

Iterative development of WMPs since 2019 has 
prompted continued evolution of wildfire mitigation 
strategies. Utilities have increased investments in infra-
structure hardening, enhanced vegetation manage-
ment, improved inspections, weather station networks, 
automated fire-detecting cameras used by fire manage-
ment agencies and others, and a variety of other strat-
egies (e.g., OEIS 2026). Utilities are also piloting new 
risk mitigation strategies and measuring outcomes 
to inform the most effective uses of limited ratepayer 
funds. 

Fuels Reduction Treatments
Fuels treatments are a standard tool for reducing wild-
fire hazard and a long-standing element of forest man-
agement (Agee and Skinner 2005). Over the last seven 
years, about 357,000 acres per year of fuel treatments 
have been completed in the state by CAL FIRE and 
federal agencies, an increase of 37% since the 2017 
Assessment, which found a ten-year average of 261,000 
acres treated annually (i4.5). CAL FIRE has shown a 
substantial increase in the average annual area treated, 
from ~17,000 acres/year in the 2005–2015 time frame 

reported in the 2017 Assessment to ~124,000 acres in 
fiscal year 2025, while federal area treated has stayed 
similar over recent years (256,000 acres/year on 
average).

The California Wildfire and Forest Resilience Task Force 
(WFR Task Force) has developed a more comprehensive 
reporting system for tracking fuel and forest resilience 
treatments, called the Interagency Treatment Tracking 
System. Modeled after CAL FIRE’s CalMAPPER 
system, this tracking system goes beyond fuel treat-
ments to include other activities that foster landscape 
resilience (e.g., reforestation, pest management, and 
beneficial wildfire on federal lands). The Interagency 
Treatment Tracking System goes back as far as 2021 
and also includes a larger number of data providers than 
CalMAPPER, including representatives in the timber 
industry and a comprehensive set of state agencies. This 
system also allows for parsing activity acres versus foot-
print acres, the latter of which avoids double counting 
where the same plot of land may be treated by multiple 
activities. The Interagency Treatment Tracking System 
(WFR Task Force 2025b) offers a more comprehen-
sive measure of treatment area, and the data displayed 
on the Interagency Treatment Dashboard (WFR Task 
Force 2025c) are more consistent with comparisons to 
the treatment targets in the Million Acre Strategy (WFR 
Task Force 2021). The comprehensive tracking system 
data show that for the two most recent years available 
(2023 and 2024), total activity acres have averaged 
1.065 million acres per year, corresponding to an aver-
age of 750,000 footprint acres per year (Figure 4.9). 

Fuel Treatment Effectiveness

Within forested systems across the Western U.S., there 
is widespread evidence that fuel reduction treatments 
are generally effective at reducing subsequent wild-
fire severity (Baijnath-Rodino et al. 2023, Brodie et al. 
2024, Davis et al. 2024, Yackulic et al. 2025), especially 
in the first 10 or so years following treatment (Prichard 
et al. 2020), and even under severe fire weather condi-
tions (Lydersen et al. 2017, Prichard et al. 2020). There 
is also mounting evidence that fuels treatments that 
include both thinning and burning are the most effec-
tive (Yackulic et al. 2025), and thin-only treatments 
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that do not remove fine surface and ground fuels are 
relatively less effective (Brodie et al. 2024, Davis et al. 
2024, Lydersen et al. 2017, Shive et al. 2024). 

In the montane forested systems of California, there is 
much alignment between treatments designed for WUI 
protection and those designed for ecological benefit 
(Stephens et al. 2020), but this convenient alignment 
is not generally present for southern California chap-
arral systems, where ecological and fire behavior miti-
gation goals are often in conflict (Syphard et al. 2011). 
Treatments in chaparral systems, which are typically 
adapted to low-frequency but high-severity fire, have 
fundamentally different ecosystem effects than in for-
ests adapted to frequent fire. In dense, mature chap-
arral, fire burns through the crowns of the dominant 
species, with complete top-kill being a common out-
come in both prescribed fire and wildfire, and this is the 
fire behavior to which this vegetation type is adapted 
(Rundel 2018). Recovery of native vegetation to a flam-
mable state may be rapid due to resprouting and prolific 
regeneration from seed. However, chaparral and other 
shrubland systems are susceptible to negative ecosys-
tem effects from too-frequent burning (Syphard et al. 

2019), as described above under Fire Regimes, and in 
more detail in Chapter 2 (Sustainable Rangelands). 
Too-frequent burning, in addition to unmaintained 
mechanical treatments, can introduce highly flammable 
non-native grasses that can further increase fire hazard 
and the likelihood of type conversion to non-native spe-
cies. Therefore, there is tension between the potential 
beneficial short-term fuels reduction effects and poten-
tial negative ecosystem consequences of prescribed fire 
in chaparral. While this does not preclude prescribed 
fire treatments in chaparral, the tradeoffs should be 
acknowledged and carefully considered. 

Research on fuel treatment effectiveness in chaparral is 
limited, but one study in northern California chaparral 
found that 15-year old fuel treatments (combinations 
of mastication, burning, and hand thinning) did not 
have different post-fire vegetation and fuels outcomes 
from untreated controls after an extreme wildfire, pos-
sibly due to treatment age and the severity of burning 
conditions (Jones et al. 2023). However, in chapar-
ral systems that naturally burn in high severity crown 
fire, fuels treatments are often designed to create corri-
dors of drastically reduced vegetation and, with the aid 
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of fire suppression operations, stop fire spread rather 
than reduce severity where fire does occur. Linear fuel 
breaks constructed in largely non-forested areas of 
southern California national forests were found to be 
effective at holding the fire in many cases, but effective-
ness depended on fuel break accessibility, suppression 
resource availability, and fire weather (Gannon et al. 
2023, Syphard et al. 2011). 

Constraints on Treatment Implementation

Multiple barriers to fuels treatment implementa-
tion continue to constrain the pace and scale of fuels 
reduction. Risk aversion and public concerns, a need 
for dedicated, consistent funding and increased work-
force capacity, and air quality concerns have been cited 
as substantial barriers to treatment implementation of 
both prescribed fire and mechanical fuels treatments 
in California (Lyman 2024, Miller et al. 2020). The top 
type of barrier identified in Lyman (2024), mentioned 
by 86% of interviewees, was environmental constraints, 
such as the effects of climate change on public percep-
tions of intentional fire use, increased drought condi-
tions and extreme weather that increase the complex-
ity of fuel management, and limited prescribed fire 
prescription windows. On federal lands in the Western 
U.S., lack of capacity and funding were some of the 
strongest barriers to successful project implementa-
tion in the recent past, with air quality concerns gener-
ally less restrictive except in certain locations (Schultz 
et al. 2019). However, increases in federal and state 
funding for treatment implementation over the past 
five to 10 years have made funding less of a constraint. 
Operational constraints such as lack of road access and 
unsuitable topography also constrain mechanical treat-
ment implementation on public lands (North et al. 
2015a). Further constraints exist when attempting to 
mitigate direct impacts from treatments to other ecocul-
tural features (e.g., wildlife habitat, watercourses, wil-
derness, archeological resources). These constraints not 
only limit the areal extent of treatments, but also their 
intensity and ultimately their effectiveness (Collins et 
al. 2010, Lydersen et al. 2019). Building trust and rela-
tionships through collaborations, education and out-
reach, transparency, and pilot demonstration projects 

is perceived by resource managers as crucial for suc-
cessful treatment implementation (Lyman 2024). 

Using Past Wildfire to Reduce Future Wildfire 
Severity in Forested Systems
While fuel treatments such as prescribed fire and 
mechanical thinning increase forest resilience to distur-
bances (e.g., drought and high severity wildfire), there 
continues to be a significant backlog in work needing 
to be accomplished in and around communities and 
in the broader landscape. Challenges with catching up 
with this backlog, along with increasing annual wild-
fire extent, have sparked interest in opportunistically 
considering wildfire as a fuel treatment (Greenler et al. 
2023, Larson et al. 2022, North et al. 2021, Tortorelli et 
al. 2024), since wildfires cover much larger areas than 
planned fuel treatments (Shive et al. 2025). 

Even though high severity fire often garners more atten-
tion for post-fire management concerns, the majority of 
the area burned in wildfires across the Western United 
States is characterized as low to moderate severity. For 
example, approximately 64% of the area burned from 
2010 to 2020 in California occurred at low to moderate 
severity (Williams et al. 2023), more than three times 
the area treated using mechanical thinning or pre-
scribed fire in the same decade (North et al. 2021). This 
makes harnessing low and moderate severity wildfire as 
first-entry treatments a practical way to increase rates 
of fuel treatment implementation (Wu et al. 2023). 
While the idea is not entirely new, the expansion of 
very large fires into the Pacific Northwest has prompted 
states to explore these opportunities directly (WADNR 
2025, Williams et al. 2023).

A study from eastern Washington State found that wild-
fire moved some aspects of forest structure and land-
scape patterns towards desired conditions based on the 
natural range of variation (NRV), but increased depar-
ture from desired conditions for others (Churchill et al. 
2022). The authors characterized wildfire as a “blunt 
tool” for restoration. In another study in the Sierra 
Nevada, first-entry wildfire was moderately successful 
at moving canopy cover and ladder fuel density towards 
NRV, but was less effective at creating tree clump and 
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opening patterns. Moderate severity patches had a 
higher proportion of area within NRV when compared 
to patches with low or high severity. There was a higher 
probability of restoration effects within 0.6 miles of pre-
vious fires, at higher elevations, and under moderate 
fire intensities (Chamberlain et al. 2024). 

Low to moderate severity fire can reduce the likelihood 
of damaging, high-severity wildfire by reducing fuel 
loads, especially in forests that are adapted to a frequent 
fire regime (Collins et al. 2018, Hessburg et al. 2015, 
Prichard et al. 2017, Rodman et al. 2023, Tortorelli et al. 
2024). In contrast, high severity fire areas often reburn 
at high severity in subsequent wildfires. Understanding 
where and when wildfire can be considered as a land-
scape-scale fuel treatment, and how to take advantage 
of those benefits, is crucial but understudied. In gen-
eral, moderating effects of previous low to moderate 
severity wildfire last longer in the areas burned at mod-
erate severity, although low severity areas tend to have 
the lowest severity in subsequent wildfires (Tortorelli et 
al. 2024). The wide range of fire effects in the moder-
ate severity category can contribute to highly variable 
responses to subsequent wildfire (Collins et al. 2018). 
However, even experiencing multiple low to moder-
ate severity burns does not ensure resilience to subse-
quent wildfire given the lasting legacy of fuels accumu-
lated from many decades of fire exclusion (Jasperse et 
al. 2025).

Recent work has shown that previous low to moder-
ate severity wildfires moderate reburn severity across 

all forested ecoregions in the Western U.S., with the 
strongest effects seen along the California Coast Ranges 
and western mountains, including the Sierra Nevada, 
Klamath Mountains, and Cascade Range (Tortorelli 
et al. 2024). These moderating effects have a more 
extended duration in cooler, wetter forests in the Coast 
Ranges, lasting more than 36 years. The moderat-
ing effects generally last less than two decades in most 
ecoregions, and less than 12 years in the more interior 
western mountains. In California closed-cone pine for-
ests, live and dead surface fuels were found to accumu-
late quickly, reaching levels similar to those capable of 
supporting severe fire after 10–15 years (Agne et al. 
2023). 

To take advantage of wildfire-caused fuel reduction, 
land managers can apply pyrosilviculture, which is the 
use of fire to achieve silvicultural management objec-
tives (North et al. 2021, York et al. 2021) (see Chapter 
1, Resilient Forests). This opportunistic application 
of pre- and post-fire activities coordinates mechani-
cal thinning, prescribed burning, and managed wild-
fire to maintain improved forest conditions. Although 
addressing the acute management needs caused by 
large, high severity wildfires is necessary, focusing 
additional resources and attention on management fol-
lowing low to moderate severity fire is an important 
strategy for fostering forest resilience and increasing 
the pace and scale of prescribed fire (Chamberlain et al. 
2024).
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In recent years, the State of California has been work-
ing to more directly address the historical legacy of 
abhorrent treatment of the Indigenous peoples of 
this region. Of particular significance for forest and 
rangelands, this includes recognition of the impor-
tance of tribal cultural values and traditional eco-
logical knowledge (TEK) for restoring and main-
taining ecosystems. This still nascent shift is in part 
reflected in Governors’ executive orders (e.g., Brown 
2011, 2019, Newsom 2019), legislation (Gatto 2014, 
Ramos 2022, Ting et al. 2022), and specific admin-
istrative actions, such as the establishment of the 
Governor’s Office of Tribal Affairs and the creation 
of high-level tribal liaison positions in many agen-
cies and departments.5  For example, CAL FIRE 
established the Tribal Affairs Program in 2024 and 
appointed its first Deputy Director. In 2024, SB 310 
(Dodd 2024) formally recognized tribal authority to 
regulate cultural burning on state lands, and directed 
the state to work cooperatively with federally-rec-
ognized California Native American tribes to better 
meet fuel management and wildfire resilience goals 
and to address the wrongs of criminalizing cultural 
use of fire.

Numerous articles and published papers in the 
past five years have described how using tradi-
tional tribal cultural burning extensively throughout 
California’s wildlands can benefit ecosystems and 
the species that depend on them, including humans 
(Cagle 2019, Elassar 2022, Jordan 2019, Long et al. 
2021, Schelenz and Wheelock 2022, Sommer 2020). 
Through cultural burning, tribes maintained a spir-
itual connection to the land and a culture of living 
with fire. This practice promoted and enhanced 
diverse plant communities and forest structures that 
supported their livelihoods, while also establishing 
and maintaining resilient ecosystems. Indigenous 

5	 See Chapter 13 (Institutional Response) for more specific information on executive orders and legislation.

peoples used fire extensively until approximately the 
mid-1800s, when Euro-American settlers decimated 
native populations and government agencies out-
lawed the practice of intentional burning with leg-
islation, such as the 1850 Act for the Government 
and Protection of Indians (Schelenz and Wheelock 
2022). Intentional burning by Native communities 
was banned entirely in 1911 with the passage of the 
Weeks Act by the U.S. federal government (Elassar 
2022). Prior to 1800, an average of approximately 
4.5 million acres burned annually in California due 
to Native American burning practices and uncon-
trolled lightning-ignited fires (Stephens et al. 2007). 
By any measure, modern fire rates show large defi-
cits in natural fire frequencies across widely diver-
gent ecosystems throughout the state (see i4.2, Fire 
Return Interval Departure). 

Restoring opportunities and incorporating TEK is 
a key goal of this expanding effort (e.g., Hankins 
2013). The Karuk and Yurok tribes resumed burning 
in 2013, leading California in reclaiming the inten-
tional use of fire. To date, Native American cultural 
burning has been shown to significantly reduce forest 
biomass and maintain forest biodiversity (Knight et 
al. 2022), enhance native plant species revitalization 
(Marks-Block et al. 2019), reduce the threat of cat-
astrophic wildfire for residents, and support tradi-
tional hunting and gathering activities (CAL FIRE et 
al. 2017). Longer term goals include renewing and 
maintaining cultural resources, enhancing sustain-
able economic opportunity, helping the land become 
more resilient to climate change, and addressing 
historic injustices against Native Americans (Cagle 
2019). 

A key approach to enabling and scaling cultural 
burning is to form collaborations that support it. 

Benefits of Cultural Burning
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These partnerships must address the important dif-
ferences between traditional prescribed burning 
programs and cultural burning, such as the involve-
ment of multiple generations for knowledge transfer 
(Williams et al. 2023). Additional keys for the suc-
cess of this effort include (1) continuing prescribed 
burning trainings and workshops (e.g., Prescribed 
Fire Training Exchanges or TREX), (2) providing 
sufficient state and federal funding, (3) using decen-
tralized prescribed burn associations (e.g., Cultural 
Fire Management Council, Humboldt County 
Prescribed Burn Association, Indigenous Peoples 
Burn Network) (Marks-Block and Tripp 2021), and 
(4) utilizing the Prescribed Fire Liability Claims Fund 
for protection of both cultural practitioners and cer-
tified burn bosses. Among the outstanding items to 
resolve are evaluating existing air quality and burn 
permitting regulations and lack of sufficient funding 
and federally certified personnel. 

The WFR Task Force’s 2021 Action Plan called for 
treating 500,000 acres of non-federal lands annu-
ally with prescribed/cultural fire, mechanical treat-
ments, and herbivory (WFR Task Force 2021). It 
asks Native Americans to revive their cultural burn-
ing practices to help meet this goal, working with fed-
eral, state, and local partners. Specific goals listed in 
the Action Plan include 1.20—establish a grant pro-
gram to support cultural burning, and 1.21—estab-
lish a California Prescribed Fire Training Center. 
Additionally, in March 2022, the WFR Task Force 
released California’s Strategic Plan for Expanding 
the Use of Beneficial Fire (WFR Task Force 2022). 
This report establishes the following goal and five 
supportive actions:

Goal #3 The state and its partners will support 
and enable the expansion of cultural burning 
and better integrate California Native American 
tribes, tribal organizations, and cultural fire prac-
titioners into other forms of beneficial fire across 
California.

3.1 Respect tribal sovereignty

3.2 Invest in cultural burning

3.3 Include tribes in planning

3.4 Improve co-management

3.5 Support Indigenous fire workshops

To help achieve these various goals, Native American 
tribes throughout the state are partnering with  
CAL FIRE to host cultural burn workshops for fire-
fighters. Firefighters learn directly from tribal lead-
ers about the tradition of fire and its importance to 
tribal culture (Elassar 2022). Through mid-2024, 
there have been nine CAL FIRE cultural burn work-
shops held. 

There are natural synergies between the use of pre-
scribed fire and cultural burning to address wide-
spread fire risk across the state. Working partner-
ships with shared knowledge and mutual objectives 
may provide a path forward to the vexing problems 
of people and fire in California and other Western 
states with similar forest and climate risks (Eisenberg 
et al. 2024). 

Cultural fire practitioner at the 2025 Leok Po cultural burn 
demonstration at Cache Creek. Photo used with permission 
and provided by CAL FIRE.
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Quantifying Treatment Success
As discussed previously, tracking annual area treated 
across the state is complex due to numerous reporting 
entities and land ownership types, overlapping treat-
ments (i.e., multiple treatments in the same location), 
differences in recording methods (e.g., project plan-
ning area vs. implementation area), differences in treat-
ment categories, and data gaps due to lack of reporting. 
Activity acres capture the sum of multiple treatments 
completed in succession on the same area, while foot-
print acres capture the extent of area receiving at least 
one treatment, without double counting for multiple 
treatment entries. For the activity acres reported in this 
Assessment, we have relied on CalMAPPER to track 
projects on non-federal lands, and filtered data from 
the WFR Task Force Interagency Treatment Tracking 
System (WFR Task Force 2025b) for federal lands 
(i4.5). The annual treated area calculated from these 
sources differs from the WFR Task Force Interagency 
Treatment Dashboard (WFR Task Force 2025c) due to 
the latter tracking several categories of treatment not 
counted in our methods (pest control, reforestation, 
and planned treatments burned in beneficial wildfire) 
and a greater number of agencies included, which did 
not have data available for the earlier years portrayed 
in the indicator. As discussed above, the Interagency 
Treatment Dashboard provides a more complete view 
of treatments that aim to improve ecosystem resilience. 
In addition, there is often a lag time between when 
acres are treated and when they are reported to the 
Interagency Tracking System, so the most recent years 
included in this report may be missing some completed 
treatments. 

Despite the substantial efforts to evaluate progress 
towards meeting annual fuels reduction targets, there 
is no comprehensive statewide treatment effective-
ness or treatment impact monitoring system. However, 
the Board of Forestry and Fire Protection, CAL FIRE, 
the California Department of Fish and Wildlife, the 
California Geological Survey, and the Regional Water 
Quality Control Boards have collaborated to do some 
evaluation of the implementation and effectiveness of 

certain forest practice Exemption and Emergency oper-
ations that address fuels and fire effects (see Chapter 
13, Institutional Response, for details). The nascent 
state and federal collaborative Wildfire, Ecosystem 
Resilience, and Risk Assessment Initiative (WERK) 
project seeks to address this shortfall (NASA 2025). 

Acres treated is a useful metric describing progress and 
is critical to ensure progress is traceable and tracked, 
particularly given the lag time between when a treat-
ment occurs and observations of its impact can be 
assessed. However, acres alone do not provide informa-
tion on the quantity of fuel removed or rearranged, the 
proximity to valuable resources, or whether the site has 
been successfully restored to a wildfire-resilient state. 
Furthermore, having a target based on acreage alone 
can have the unintended effect of causing practitioners 
to select easier, more feasible acres which may not coin-
cide with the highest strategic priorities. This in turn 
may promote type-conversion of native shrublands or 
grasslands to undesirable non-native plants, if treat-
ments are too frequent for native vegetation to recover. 
Statewide treatment targets would be more meaning-
ful if they included metrics of treatment quality and 
effectiveness. 

Additionally, there is a need to understand the impacts 
of treatments during wildfire incidents and outside of 
the treated area itself (sometimes referred to as “shadow 
effects”). The CAL FIRE Fuels Treatment Effectiveness 
Reporting Dashboard was launched in 2024 to provide 
qualitative reporting on observed impacts of vegetation 
management treatments on wildfire behavior, ingress 
or egress, and fire suppression (CAL FIRE 2025c). The 
WERK project aims to assess treatment effectiveness in 
and around treatments statewide at a watershed level. 

Management Response 
CAL FIRE and CNRA have taken many steps in recent 
years to address the increasing negative impacts of 
wildfire in California. These efforts have included 
(1) increased funding for staffing and fire-fighting 
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equipment; (2) increased funding, regulatory efficien-
cies,6 and support for fuels reduction and elevated tar-
gets for treatment acres; (3) collaborative projects with 
federal, state, local agencies, and tribal entities; (4) 
development of new programs and institutions; and 
(5) improved public awareness. These topics are briefly 
addressed below and covered in considerably more 
detail in Chapter 13 (Institutional Response), Chapter 
1 (Resilient Forests), and Chapter 11 (Wildfire Risk to 
Communities). 

Increased Funding for Staffing and Fire-Fighting 
Equipment
CAL FIRE total staffing has increased from approx-
imately 7,000 positions in 2017 to over 12,000 in 
2025, mostly for additional fire protection personnel 
(i13.2). Similarly, Department expenditures for fire 
protection have increased from approximately $2.3 bil-
lion in 2017 to over $3.8 billion in 2025 (see Chapter 
13, Institutional Response). The state has invested 
heavily in improving its early detection and rapid 
response capabilities. This includes obtaining new air-
craft, using remotely sensed imagery to map wildfire 
spread, and utilizing advanced fire modeling to predict 

6	 Increased regulatory efficiency constitutes another type of management response prioritized by the state. See Chapter 13 (Institutional 
Response) for important examples under the section “Cutting Green Tape,” and the subsection “Los Angeles and Ventura Counties 
Wildfires” under the section “Governors’ Executive Orders and Proclamations as Important Directives for Wildfire and Forest Management,” 
regarding the 2025 Executive Order fast-tracking critical wildfire prevention projects statewide.

fire behavior and plan effective responses. CAL FIRE 
has also invested in Artificial Intelligence (AI)-powered 
wildfire detection systems to detect fires more rapidly 
and increased its use of unmanned aerial systems for 
real-time assessment of wildfires. 

Increased Funding for Fuels Reduction and 
Elevated Targets for Treatment Acres

The primary source of elevated funding for fuels reduc-
tion work in California over the past 10 years has come 
from the California Climate Investments (CCI) Program, 
which receives money from the Greenhouse Gas (GHG) 
Reduction Fund. CAL FIRE has received approximately 
$2.4 billion of the more than $33 billion in CCI expen-
ditures through FY 2023–24. These funds have sup-
ported Forest Health and Wildfire Prevention grants to 
reduce wildfire hazard, as well as urban and community 
forestry, business and workforce development, forest 
health research, CAL FIRE-implemented fuels reduc-
tion projects, and other programs (see Chapter 13, 
Institutional Response). A newer funding source comes 
from Proposition 4, the $10 billion Safe Drinking Water, 
Wildfire Prevention, Drought Preparedness, and Clean 
Air Bond Act passed by the voters in November 2024, 
which includes $1.5 billion for wildfire and forest resil-
ience programs. The WFR Task Force estimates that 
nearly $6 billion of state and federal funds have been 
invested for forest health and wildfire resilience proj-
ects and programs since 2021 (WFR Task Force 2025a). 

Collaborative state-federal efforts initially set an annual 
treatment goal of one million acres by 2025 to help 
achieve resilient forest conditions, including 500,000 
acres of non-federal lands and 500,000 acres of NFS 
lands. This work includes increasing the pace and scale 
of prescribed burns, as well as cultural burns (e.g., SB 
310; Dodd 2024). A more ambitious state goal has 
been established by the Newsom administration fol-
lowing enactment of Assembly Bill (AB) 1757 (Garcia 
and Rivas 2022), which seeks to bolster natural carbon 

Firefighter in foreground of 2021 Dixie Fire in northern Cali-
fornia. Photo: CAL FIRE.
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sequestration and nature-based climate solutions that 
reduce GHG emissions. This strategy set a goal of ramp-
ing up to 2.5 million acres per year of wildfire resilience 
and restoration work in forests, shrublands, and grass-
lands by 2045 (CNRA 2024). Following an emergency 
proclamation noting the critical need to expedite proj-
ect implementation, Executive Order N-25-25 lays out 
a process to streamline and fast-track environmental 
review and permitting for critical fuel reduction proj-
ects (Newsom 2025). 

Collaborative Projects 
Collaborative landscape-level projects designed to 
improve forest health, reduce fire threat, and contrib-
ute to local economic development can facilitate land-
scape-level and cross-boundary planning and increase 
stakeholder buy-in for landscapes with a complex 
matrix of ownerships. Examples of collaborative efforts 
at the federal level include the Joint Chiefs’ Landscape 
Restoration Partnership, National Cohesive Wildland 
Fire Management Strategy, Collaborative Forest 
Landscape Restoration Program, and Wildfire Crisis 
Strategy. Examples at the state level include the Sierra 
Nevada Conservancy Watershed Improvement Program 
and the Department of Conservation Regional Forest 
and Fire Capacity Program (see Chapter 1, Resilient 
Forests). A major state collaborative effort is the WFR 
Task Force. Created in 2021 and building on the pre-
ceding Forest Management Task Force, it coordinates 

and helps catalyze the efforts of federal, state, local, 
public, private, and tribal entities to reduce high sever-
ity wildfires by increasing the pace and scale of forest 
health treatments. 

Additionally, local communities are being encouraged 
to work together with state and federal partners to 
develop Community Wildfire Protection Plans (CWPPs) 
(see Chapter 11, Wildfire Risk to Communities). The 
North Coast Resource Partnership (NCRP) provides an 
example of a broader regional wildfire planning effort. 
NCRP is developing a Regional Priority Plan (RPP) that 
will outline a region-wide strategy for fuel load reduc-
tion and forest health, including a list of priority forest 
health and fire resiliency projects, strategies, and tools. 

Development of New Programs and Institutions 
In addition to the WFR Task Force, several other 
new programs and institutions have been estab-
lished in the past seven years to address the wildfire 
crisis in California. For example, the Office of Energy 
Infrastructure Safety was created in 2019 to reduce the 
risk of utility-related wildfires by reviewing and approv-
ing Wildfire Mitigation Plans developed by the inves-
tor-owned electric utilities. Other examples include the 
Climate & Wildfire Institute, established in 2022 as a 
nonprofit organization to provide climate and wild-
fire-related research to public policy decision-makers, 
and the California Wildfire Mitigation Program, created 
in 2019 with CAL FIRE and the California Governor’s 
Office of Emergency Services to strengthen community 
resilience against wildfires. 

Improved Public Awareness 
Finally, California is addressing its wildfire crisis 
through increased public awareness about wildfires, 
using online tools, educational resources, and commu-
nity engagement. The Office of the State Fire Marshal’s 
Community Wildfire Preparedness and Mitigation 
Division (CWPM) was established following approval of 
SB 901 (Dodd 2018). CWPM works with federal, state, 
and local agencies, Native American tribes, non-profit 
entities, and other stakeholders to prepare California 
communities against the devastating effects of wild-
fire. The various programs within the division allow 

Prescribed fire in the South Grove of Calaveras Big Trees State 
Park, September 2024. Photo: CAL FIRE. 
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CAL FIRE to continue to build local and regional capac-
ity, as well as developing, prioritizing, and implement-
ing strategies and projects that create wildfire prepared 
communities. The tasks involve working with stakehold-
ers on wildfire planning to reduce or eliminate fire haz-
ards and risks, modifying the environment by remov-
ing or reducing receptive fuels, conducting fire hazard 
compliance inspections, and providing education and 
grant opportunities for wildfire prevention efforts. As a 

component of this division, CAL FIRE's Wildfire Public 
Education Program, established by AB 9 (Wood 2021), 
conducts outreach to regional and local wildfire mitiga-
tion groups, ensuring compliance and informing stake-
holders about relevant laws and regulations. University 
of California Agriculture and Natural Resources (UC 
ANR) Fire Network Advisers also provide important 
knowledge to increase treatments on private and state 
lands.

OPPORTUNITIES
The ecosystems of California evolved over time with 
fire; our strategies for human habitation in a fire-
adapted landscape must evolve as well. Despite having 
one of the largest and most effective wildland fire work-
forces in the world, large, deadly, expensive, and eco-
logically damaging wildfires continue to happen and 
are increasing in many areas. Fire management prior-
ities and policies that focus primarily on suppression 
only ensure that more of the same destructive wildfires 
will occur (Kreider et al. 2024, Moritz et al. 2014, North 
et al. 2015b, Stephens et al. 2013). For Californians to 
live sustainably with fire over the long term, agencies, 
landowners, and the public alike must acknowledge the 
inevitability and necessity of fire and other fuel treat-
ments in ecosystems and for ecosystem services, and 
work to enhance the capacity of communities and eco-
systems to withstand periodic fire without devastating 
impacts.

Below is a list of opportunities for improving fire man-
agement and resource protection into the future. 

Ecosystem Management for Health and Resilience
	y Enhance understanding among the public, land 

managers, and fire agencies that wildfire is endemic 

to much of California, that it is inevitable, and that 

adverse impacts can be strategically addressed 

through a variety of layered programs and activities 

as described below.

	y Continue to strategically and significantly expand 

the pace and scale of forest health treatments to 

reduce wildfire hazard, improve forest resilience to 

disturbance, and encourage long-term stability of 

ecosystem services, including carbon storage (Jones 

et al. 2025). 

	y Make forest resilience a top priority, above individ-

ual resource concerns (Jones et al. 2025, Stephens 

et al. 2016). 

	y Improve efficiency of vegetation management plan-

ning and implementation. 

	○ Utilize recently mandated streamlined reg-
ulations designed to expedite fuels reduc-
tion projects and promote forest health and 
carbon-positive trends (e.g., Newsom 2025, 
Skinner and Chesbro 2010). 

	○ In both pre-fire vegetation management and 
post-fire recovery efforts, evaluate multi-
ple pathways to ecosystem recovery, includ-
ing returning them to their original condi-
tions, helping them shift to an altered but 
resilient native vegetation state, or, when 
those options aren’t possible, guiding recov-
ery toward a partially restored state that pro-
vides the most ecological benefits. 

	y Utilize the national fire management policy of fire 

restoration, including expanded use of prescribed 

fire and managed wildfire where ecologically 

appropriate.

	○ Support increased use of pyrosilvicul-
ture, including managed wildfire on public 
lands, particularly California’s national 
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forests—when and where appropriate—to 
improve forest health and reduce wildfire 
threat.

Strategic Fire and Fuels Management
	y Emphasize a landscape-level, all lands approach to 

planning consistent with the scale of typical mod-

ern-era fire events. This requires cross-agency/

landowner coordination and consideration of mul-

tiple objectives.

	○ Fully implement SB 1101 (Limón 2024), 
which calls for mapping of Potential 
Operational Delineations (PODs), a proac-
tive approach to wildfire management that 
helps to identify and map potential control 
lines and areas for fire suppression and for 
more beneficial fire outcomes. 

	○ Take advantage of recently burned areas 
for their opportunity in long-term ecosys-
tem restoration and hazard mitigation. Past 
fire severity and current ecological condition 
can provide a planning, implementation, 
and monitoring framework within PODs to 
engage in a landscape-level risk-informed 
approach for fuel treatments.

	○ Maintain a high level of public grant fund-
ing and leverage private and philanthropic 
funding for collaborative landscape-level 
forest health, resilience, and fire prevention 
activities.

	○ Expand cultural burning and increase imple-
mentation of SB 310 (Dodd 2024), which 
authorizes the state to enter into cultural 
burn agreements. 

	○ Support local Prescribed Burn Associations 
to empower nonindustrial landowners to uti-
lize prescribed fire on private lands; expand 
partnerships with UC ANR Fire Network 
Advisers.

	○ Include pre-fire hazard mitigation plan-
ning for post-fire debris flow and flood risk 
where appropriate, including expanding the 

network of permanent Emergency Forest 
Restoration Teams (EFRTs) that can work 
across agency jurisdictions on resilience 
projects.

	y Place greater emphasis on pre-fire management, 

including ignition management, fuel reduction, 

ecosystem restoration and maintenance, and resto-

ration of natural fire regimes.

	○ Expand land management agencies’ techni-
cal capacity and staffing for pre-fire fuel and 
vegetation management.

	○ Continue to reduce the risk of electric utili-
ty-caused wildfires by reviewing and approv-
ing Wildfire Mitigation Plans developed by 
investor-owned electric utilities.

	y Develop site-specific plans that recognize key ele-

ments of fire regime, plant and ecosystem response, 

and human safety concerns.

	y Strategize fuel reduction treatments to most effec-

tively reduce risk and protect valued assets, rather 

than focusing on maximizing acres treated.

	y Continue to adapt the fire suppression workforce to 

better respond to changing trends in wildland fire 

and evolving ecosystem management strategies.

	○ Maintain adequate funding for local, state, 
and federal firefighting equipment, advanced 
technology, and staff as appropriate.

	y Educate the public on the types of risks and 

tradeoffs inherent in utilizing prescribed, cultural, 

and managed wildfire and other fuels treatments 

(e.g., mechanical) with the aim of improving public 

acceptance of some unintentional negative effects 

to property and ecosystems in return for decreased 

risk of large-scale catastrophic wildfire.

Land Use and Community Planning
	y Continue state and federal efforts to engage in 

local land-use planning to ensure that fire risk con-

cerns are understood and mitigated when updat-

ing general plans and planning new development 
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projects. Increase planning efficiency on federal 

lands where ownership constraints are low (Levine 

and Stephens 2025). 

	y Promote sound planning and mitigation in the WUI 

to make communities more resistant to damage 

from wildfire, including enhancements to fire-safety 

regulations designed to reduce community impacts.

	○ Update, as needed, Fire Hazard Severity 

Zone (FHSZ) maps for State Responsibility 

Area (SRA) and Local Responsibility Area 

(LRA), and support ordinances to reduce 

wildfire hazard/risk, including but not lim-

ited to home hardening, land-use zoning, 

and defensible space compliance.

	y Incentivize and provide financial and logistical sup-

port for individual land and homeowner efforts to 

mitigate fire risk through fuel management, struc-

tural retrofit, and engagement in community wild-

fire planning efforts.

Research and Monitoring
	y Support ongoing research and establishment of 

new long-term studies examining the management 

of fire in a variety of fire-adapted ecosystems, par-

ticularly with respect to treatment effects, climate 

change, post-fire and post-drought dynamics of fire 

hazard, carbon storage, and wildlife habitat. 

	y Support communication of research findings to 

broad audiences to build understanding and sup-

port among the public.

	y Promote research that enhances our ability to fore-

cast wildfire probability, predict outcomes, and 

develop strategies for a changing climate. Use this 

understanding to prioritize areas for restoration, 

treatment, and adaptation.

	y Support basic fire science research, including 

improvement of existing fire behavior models to 

better predict fire weather, hazard, ignition, spread, 

and effects.

	y Continue adaptation of fire and fuel management 

techniques commensurate with improved under-

standing of their efficacy and long-term impacts on 

ecosystem structure and function.

	y Continue monitoring to track the effectiveness 

of fuel treatments and evaluate progress towards 

meeting statewide goals. Incorporate econometric 

modeling and comprehensive risk modeling to cap-

ture best strategies, practices, and treatments that 

meet local area needs. 

REFERENCES
Agee, J.K. 1993. Fire ecology of Pacific Northwest forests. Wash-

ington, D.C.: Island Press. 493 p. https://castatelib.idm.oclc.
org/login?url=https://www.proquest.com/books/fire-ecolo-
gy-pacific-northwest-forests-james-k/docview/48688544/
se-2?accountid=26958. 

Agee, J.K.; Skinner, C.N. 2005. Basic principles of forest fuel re-
duction treatments. Forest Ecology and Management. 211(1–
2): 83–96. https://doi.org/10.1016/j.foreco.2005.01.034. 

Agne, M.; Fontaine, J.; Enright, N.; Bisbing, S.; Harvey, B. 

2023. Rapid fuel recovery after stand-replacing fire in closed-
cone pine forests and implications for short-interval severe 
reburns. Forest Ecology and Management. 545: 121263. 
https://doi.org/10.1016/j.foreco.2023.121263. 

Anderson, K. 2005. Tending the wild: Native American knowl-
edge and the management of California’s natural resources. 
Berkeley, CA: University of California Press. https://castatelib.
idm.oclc.org/login?url=https://www.proquest.com/books/
tending-wild-native-american-knowledge-management/
docview/47399828/se-2. 

Ayars, J.; Kramer, H.A.; Jones, G.M. 2023. The 2020 to 2021 
California megafires and their impacts on wildlife habitat. 
Proceedings of the National Academy of Sciences of the 
United States of America. 120(48): e2312909120. https://
doi.org/10.1073/pnas.2312909120. 

Bachmann, A.; Allgower, B. 2001. A consistent wildland 
fire risk terminology is needed!. Fire Management Today 
61(4): 28–33. https://www.fs.usda.gov/sites/default/files/
legacy_files/fire-management-today/61-4_0.pdf. 

https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/fire-ecology-pacific-northw
https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/fire-ecology-pacific-northw
https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/fire-ecology-pacific-northw
https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/fire-ecology-pacific-northw
https://doi.org/10.1016/j.foreco.2005.01.034
https://doi.org/10.1016/j.foreco.2023.121263
https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/tending-wild-native-america
https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/tending-wild-native-america
https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/tending-wild-native-america
https://castatelib.idm.oclc.org/login?url=https://www.proquest.com/books/tending-wild-native-america
https://doi.org/10.1073/pnas.2312909120
https://doi.org/10.1073/pnas.2312909120
https://www.fs.usda.gov/sites/default/files/legacy_files/fire-management-today/61-4_0.pdf
https://www.fs.usda.gov/sites/default/files/legacy_files/fire-management-today/61-4_0.pdf


42

California's Forests and Rangelands: 2025 ASSESSMENT

Baijnath-Rodino, J.A.; Martinez, A.; York, R.A.; Fou-
foula-Georgiou, E.; AghaKouchak, A.; Banerjee, T. 
2023. Quantifying the effectiveness of shaded fuel breaks 
from ground-based, aerial, and spaceborne observations. 
Forest Ecology and Management. 543: 121142. https://doi.
org/10.1016/j.foreco.2023.121142. 

Balch, J.K.; Bradley, B.A.; D'Antonio, C.M.; Gomez-Dans, 
J. 2013. Introduced annual grass increases regional fire 
activity across the arid western USA (1980–2009). Global 
Change Biology. 19(1): 173–83. https://doi.org/10.1111/
gcb.12046. 

Barrett, K. 2018. The full community costs of wildfire. Head-
waters Economics. https://headwaterseconomics.org/
wp-content/uploads/full-wildfire-costs-report.pdf. 

Bartolome, J.W.; Barry, J.; Griggs, T.; Hopkinson, P. 
2007. Valley grassland. In: Terrestrial vegetation of 
California. 3rd ed. Berkeley, CA: University of Califor-
nia Press: 367–393. Chapter 14. https://doi.org/10.1525/
california/9780520249554.003.0014. 

Bernal, A.A.; Stephens, S.L.; Collins, B.M.; Battles, J.J. 
2022. Biomass stocks in California's fire-prone forests: 
Mismatch in ecology and policy. Environmental Research 
Letters. 17(4): 044047. https://doi.org/10.1088/1748-9326/
ac576a. 

Borgschulte, M.; Molitor, D.; Zou, E.Y. 2024. Air pollution 
and the labor market: Evidence from wildfire smoke. 
Review of Economics and Statistics. 106(6): 1558–1575. 
https://doi.org/10.1162/rest_a_01243. 

Bowman, D.M.J.S.; Kolden, C.A.; Abatzoglou, J.T.; John-
ston, F.H.; van der Werf, G.R.; Flannigan, M. 2020. 
Vegetation fires in the Anthropocene. Nature Reviews 
Earth & Environment. 1(10): 500–515. https://doi.
org/10.1038/s43017-020-0085-3. 

Brodie, E.G.; Knapp, E.E.; Brooks, W.R.; Drury, S.A.; 
Ritchie, M.W. 2024. Forest thinning and prescribed 
burning treatments reduce wildfire severity and buffer the 
impacts of severe fire weather. Fire Ecology. 20(1): 17. 
https://doi.org/10.1186/s42408-023-00241-z. 

Brooks, M.L.; Matchett, J.R. 2006. Spatial and temporal 
patterns of wildfires in the Mojave Desert, 1980–2004. 
Journal of Arid Environments. 67: 148–164. https://doi.
org/10.1016/j.jaridenv.2006.09.027. 

Brown, E.G. 2011. Executive Order B-10-11. Executive De-
partment, State of California. https://www.library.ca.gov/
government-publications/executive-orders/?SelectedGov-
ernor=34&SelectedType=2&SelectedEONumber=B-10-11. 

Brown, E.G. 2019. Executive Order N-05-19. Executive Office, 
State of California. https://www.library.ca.gov/wp-content/
uploads/GovernmentPublications/executive-order-procla-
mation/40-N-05-19.pdf. 

Buechi, H.; Weber, P.; Heard, S.; Cameron, D.; Plantin-
ga, A.J. 2021. Long-term trends in wildfire damages in 
California. International Journal of Wildland Fire. 30(10): 
757–762. https://doi.org/10.1071/Wf21024. 

CA BOF; CAL FIRE. 1996. California fire plan: A framework 
for minimizing costs and losses from wildland fires. Sacra-
mento, CA: State of California, California Board of Forest-
ry, California Department of Forestry and Fire Protection. 
104 p. 

Cagle, S. 2019. Fire is medicine: The tribes burning Cal-
ifornia forests to save them. The Guardian. https://
www.theguardian.com/us-news/2019/nov/21/
wildfire-prescribed-burns-california-native-americans. 

CAL FIRE. 2022. CAL FIRE Fire and Resource Assessment Pro-
gram (FRAP) management landscape forestland geodata-
base. On file with: California Department of Forestry and 
Fire Protection Headquarters, 715 P St., Sacramento, CA 
95814. (June 28, 2024).

CAL FIRE. 2024. California multi-source land ownership 
(ownership24_1). [Geospatial Data]. California Depart-
ment of Forestry and Fire Protection, Fire and Re-
source Assessment Program. Version 1. https://www.fire.
ca.gov/what-we-do/fire-resource-assessment-program/
gis-mapping-and-data-analytics.

CAL FIRE. 2025a. CAL FIRE fuel reduction summary report. 
[Tabular data]. California Department of Forestry and 
Fire Protection, Fire and Resources Assessment Program 
(FRAP). Data pulled from the live and locked CalMAPPER 
database. https://calfire-forestry.maps.arcgis.com/home/
item.html?id=80d439247b99489a938b09a0d182173c. 
(December 19, 2025).

CAL FIRE. 2025b. California interagency fire perimeter 
database. [Geospatial data]. California Department of 
Forestry and Fire Protection. Firep24_1. https://www.fire.
ca.gov/what-we-do/fire-resource-assessment-program/
fire-perimeters. 

CAL FIRE. 2025c. Fuels treatment effectiveness report-
ing. California Department of Forestry and Fire 
Protection. https://experience.arcgis.com/experi-
ence/7accd31d00d24d6b9389f25fbee93af8/page/
Treatment-Reporting-Overview-Page.

CAL FIRE. 2025d. Wildfire Activity Statistics (Redbooks). Cali-
fornia Department of Forestry and Fire Protection, State of 
California. https://www.fire.ca.gov/our-impact/statistics. 

CAL FIRE; County of Humboldt; Humboldt County Fire 
Safe Council; US Forest Service Six Rivers National 
Forest. 2017. Living with wildfire in northwestern Cali-
fornia. 68 p. https://www.landcan.org/pdfs/Living_w-Wild-
fire_NW_CAL_April2017.pdf. 

CAL FIRE; Pyrologix. 2025. California wildfire data explorer. 
[Geospatial data]. https://wrap.cawildfiredata.com/Map/
Public#map-themes. (September 19, 2025).

CARB. 2022. 2022 Scoping plan for achieving carbon neutrali-
ty. Sacramento, CA: California Air Resources Board. 297 p. 
https://ww2.arb.ca.gov/sites/default/files/2022-12/2022-sp.
pdf. 

CARB. 2025. Natural and working lands carbon inventory. Sac-
ramento, CA: California Air Resources Board. https://ww2.
arb.ca.gov/sites/default/files/2026-02/CARB_2025_NWL_
Carbon_Inventory_Main_Report_2.pdf. 

https://doi.org/10.1016/j.foreco.2023.121142
https://doi.org/10.1016/j.foreco.2023.121142
https://doi.org/10.1111/gcb.12046
https://doi.org/10.1111/gcb.12046
https://headwaterseconomics.org/wp-content/uploads/full-wildfire-costs-report.pdf
https://headwaterseconomics.org/wp-content/uploads/full-wildfire-costs-report.pdf
https://doi.org/10.1525/california/9780520249554.003.0014
https://doi.org/10.1525/california/9780520249554.003.0014
https://doi.org/10.1088/1748-9326/ac576a
https://doi.org/10.1088/1748-9326/ac576a
https://doi.org/10.1162/rest_a_01243
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1186/s42408-023-00241-z
https://doi.org/10.1016/j.jaridenv.2006.09.027
https://doi.org/10.1016/j.jaridenv.2006.09.027
https://www.library.ca.gov/government-publications/executive-orders/?SelectedGovernor=34&SelectedTyp
https://www.library.ca.gov/government-publications/executive-orders/?SelectedGovernor=34&SelectedTyp
https://www.library.ca.gov/government-publications/executive-orders/?SelectedGovernor=34&SelectedTyp
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/40-N-05-19.pdf
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/40-N-05-19.pdf
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/40-N-05-19.pdf
https://doi.org/10.1071/Wf21024
https://www.theguardian.com/us-news/2019/nov/21/wildfire-prescribed-burns-california-native-americans
https://www.theguardian.com/us-news/2019/nov/21/wildfire-prescribed-burns-california-native-americans
https://www.theguardian.com/us-news/2019/nov/21/wildfire-prescribed-burns-california-native-americans
https://www.fire.ca.gov/what-we-do/fire-resource-assessment-program/gis-mapping-and-data-analytics
https://www.fire.ca.gov/what-we-do/fire-resource-assessment-program/gis-mapping-and-data-analytics
https://www.fire.ca.gov/what-we-do/fire-resource-assessment-program/gis-mapping-and-data-analytics
https://calfire-forestry.maps.arcgis.com/home/item.html?id=80d439247b99489a938b09a0d182173c
https://calfire-forestry.maps.arcgis.com/home/item.html?id=80d439247b99489a938b09a0d182173c
https://www.fire.ca.gov/what-we-do/fire-resource-assessment-program/fire-perimeters
https://www.fire.ca.gov/what-we-do/fire-resource-assessment-program/fire-perimeters
https://www.fire.ca.gov/what-we-do/fire-resource-assessment-program/fire-perimeters
https://experience.arcgis.com/experience/7accd31d00d24d6b9389f25fbee93af8/page/Treatment-Reporting-O
https://experience.arcgis.com/experience/7accd31d00d24d6b9389f25fbee93af8/page/Treatment-Reporting-O
https://experience.arcgis.com/experience/7accd31d00d24d6b9389f25fbee93af8/page/Treatment-Reporting-O
https://www.fire.ca.gov/our-impact/statistics
https://www.landcan.org/pdfs/Living_w-Wildfire_NW_CAL_April2017.pdf
https://www.landcan.org/pdfs/Living_w-Wildfire_NW_CAL_April2017.pdf
https://wrap.cawildfiredata.com/Map/Public#map-themes
https://wrap.cawildfiredata.com/Map/Public#map-themes
https://ww2.arb.ca.gov/sites/default/files/2022-12/2022-sp.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-12/2022-sp.pdf
https://ww2.arb.ca.gov/sites/default/files/2026-02/CARB_2025_NWL_Carbon_Inventory_Main_Report_2.pdf
https://ww2.arb.ca.gov/sites/default/files/2026-02/CARB_2025_NWL_Carbon_Inventory_Main_Report_2.pdf
https://ww2.arb.ca.gov/sites/default/files/2026-02/CARB_2025_NWL_Carbon_Inventory_Main_Report_2.pdf


43

Chapter 4: Wildfire

Chamberlain, C.P.; Bartl-Geller, B.N.; Cansler, C.A.; North, 
M.P.; Meyer, M.D.; van Wagtendonk, L.; Redford, 
H.E.; Kane, V.R. 2024. When do contemporary wildfires 
restore forest structures in the Sierra Nevada? Fire Ecolo-
gy. 20(1): 91. https://doi.org/10.1186/s42408-024-00324-5. 

Churchill, D.J.; Jeronimo, S.M.A.; Hessburg, P.F.; Cansler, 
C.A.; Povak, N.A.; Kane, V.R.; Lutz, J.A.; Larson, A.J. 
2022. Post-fire landscape evaluations in Eastern Washing-
ton, USA: Assessing the work of contemporary wildfires. 
Forest Ecology and Management. 504: 119796. https://doi.
org/10.1016/j.foreco.2021.119796. 

CNRA. 2022. Natural and working lands climate smart strategy: 
California's climate smart lands strategy. Sacramento, 
CA: California Natural Resources Agency. 111 p. https://
resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/
Expanding-Nature-Based-Solutions/CNRA-Report-2022---
Final_Accessible.pdf. 

CNRA. 2024. California’s nature-based solutions: Climate tar-
gets. Sacramento, CA: California Natural Resources Agency 
(CNRA), Administration of Governor Gavin Newsom. 43 
p. https://resources.ca.gov/-/media/CNRA-Website/Files/
Initiatives/Expanding-Nature-Based-Solutions/Californi-
as-NBS-Climate-Targets-2024.pdf. 

Collins, B.; Miller, J.; Knapp, E.; Sapsis, D. 2019. A quan-
titative comparison of forest fires in central and northern 
California under early (1911–1924) and contemporary 
(2002–2015) fire suppression. International Journal of 
Wildland Fire. 28(2): 138–148. https://doi.org/10.1071/
WF18137. 

Collins, B.M.; Everett, R.G.; Stephens, S.L. 2011. Impacts of 
fire exclusion and recent managed fire on forest structure 
in old growth Sierra Nevada mixed-conifer forests. Eco-
sphere. 2(4): art51. https://doi.org/10.1890/Es11-00026.1. 

Collins, B.M.; Lydersen, J.M.; Everett, R.G.; Stephens, 
S.L. 2018. How does forest recovery following moder-
ate-severity fire influence effects of subsequent wildfire in 
mixed-conifer forests? Fire Ecology. 14(2): 3. https://doi.
org/10.1q186/s42408-018-0004-x. 

Collins, B.M.; Stephens, S.L.; Moghaddas, J.J.; Battles, 
J. 2010. Challenges and approaches in planning fuel 
treatments across fire-excluded forested landscapes. 
Journal of Forestry. 108(1): 24–31. https://doi.org/10.1093/
jof/108.1.24. 

Coop, J.D.; Parks, S.A.; Stevens-Rumann, C.S.; Craus-
bay, S.D.; Higuera, P.E.; Hurteau, M.D.; Tepley, A.; 
Whitman, E.; Assal, T.; Collins, B.M.; Davis, K.T.; 
Dobrowski, S.; Falk, D.A.; Fornwalt, P.J.; Fule, P.Z.; 
Harvey, B.J.; Kane, V.R.; Littlefield, C.E.; Margolis, 
E.Q.; North, M.; Parisien, M.A.; Prichard, S.; Rod-
man, K.C. 2020. Wildfire-driven forest conversion in 
western landscapes. BioScience. 70(8): 659–673. https://
doi.org/10.1093/biosci/biaa061.

CSAF. 2022. Sustaining native giant sequoia groves requires ac-
tive, adaptive management. Position statement. California 
Society of American Foresters. https://www.californiasaf.
org/california-saf-giant-sequoia-policy-statement-2022/. 

D'Antonio, C.M.; Vitousek, P.M. 1992. Biological invasions 
by exotic grasses, the grass fire cycle, and global change. 
Annual Review of Ecology and Systematics. 23: 63–87. 
https://doi.org/10.1146/annurev.es.23.110192.000431. 

Dale, L.; Western Forestry Leadership, C. 2009. The true 
cost of wildfire in the Western U.S. [Lakewood, Colo.]: 
Western Forestry Leadership Coalition.

Davis, K.T.; Peeler, J.; Fargione, J.; Haugo, R.D.; Metlen, 
K.L.; Robles, M.D.; Woolley, T. 2024. Tamm Review: 
A meta-analysis of thinning, prescribed fire, and wildfire 
effects on subsequent wildfire severity in conifer dom-
inated forests of the Western US. Forest Ecology and 
Management. 561: 121885. https://doi.org/10.1016/j.
foreco.2024.121885. 

Davis, K.T.; Robles, M.D.; Kemp, K.B.; Higuera, P.E.; Chap-
man, T.; Metlen, K.L.; Peeler, J.L.; Rodman, K.C.; 
Woolley, T.; Addington, R.N.; Buma, B.J.; Cansler, 
C.A.; Case, M.J.; Collins, B.M.; Coop, J.D.; Dobrows-
ki, S.Z.; Gill, N.S.; Haffey, C.; Harris, L.B.; Harvey, 
B.J.; Haugo, R.D.; Hurteau, M.D.; Kulakowski, D.; 
Littlefield, C.E.; McCauley, L.A.; Povak, N.; Shive, 
K.L.; Smith, E.; Stevens, J.T.; Stevens-Rumann, C.S.; 
Taylor, A.H.; Tepley, A.J.; Young, D.J.N.; Andrus, 
R.A.; Battaglia, M.A.; Berkey, J.K.; Busby, S.U.; Carl-
son, A.R.; Chambers, M.E.; Dodson, E.K.; Donato, 
D.C.; Downing, W.M.; Fornwalt, P.J.; Halofsky, J.S.; 
Hoffman, A.; Holz, A.; Iniguez, J.M.; Krawchuk, M.A.; 
Kreider, M.R.; Larson, A.J.; Meigs, G.W.; Roccaforte, 
J.P.; Rother, M.T.; Safford, H.; Schaedel, M.; Sibold, 
J.S.; Singleton, M.P.; Turner, M.G.; Urza, A.K.; Clark-
Wolf, K.D.; Yocom, L.; Fontaine, J.B.; Campbell, J.L. 
2023. Reduced fire severity offers near-term buffer to cli-
mate-driven declines in conifer resilience across the west-
ern United States. Proceedings of the National Academy of 
Sciences. 120(11): e2208120120. https://doi.org/10.1073/
pnas.2208120120.- 

DeLyser, K.; Tase, N.; Clay, K.; Magnan, M.; Evans, S.; 
Keithley, C.; Bartowitz, K.; Gadoth-Goodman, D.; 
Papa, C.; Ontl, T.; Cooper, L. 2025. Effects of forest 
management & wood utilization on carbon sequestration & 
storage in California. Washington, DC.: American Forests. 
https://d3f9k0n15ckvhe.cloudfront.net/wp-content/up-
loads/2025/02/CBM_CA_report_FINAL.pdf. 

Dillon, G.; Menakis, J.; Fay, F. 2015. Wildland fire potential: 
A tool for assessing wildfire risk and fuels management 
needs. Proceedings of the large wildland fires conference. 
May 19–23. RMRS-P-73. Missoula, MT: U.S. Department 
of Agriculture, Forest Service, Rocky Mountain Research 
Station. 60–76 p. https://www.fs.usda.gov/rm/pubs/rmrs_
p073/rmrs_p073_060_076.pdf. 

Dittrich, R.; McCallum, S. 2020. How to measure the eco-
nomic health cost of wildfires - A systematic review of the 
literature for northern America. International Journal of 
Wildland Fire. 29(11): 961–973. https://doi.org/10.1071/
Wf19091. 

https://doi.org/10.1186/s42408-024-00324-5
https://doi.org/10.1016/j.foreco.2021.119796
https://doi.org/10.1016/j.foreco.2021.119796
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNR
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNR
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNR
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNR
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/Cal
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/Cal
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/Cal
https://doi.org/10.1071/WF18137
https://doi.org/10.1071/WF18137
https://doi.org/10.1890/Es11-00026.1
https://doi.org/10.1q186/s42408-018-0004-x
https://doi.org/10.1q186/s42408-018-0004-x
https://doi.org/10.1093/jof/108.1.24
https://doi.org/10.1093/jof/108.1.24
https://doi.org/10.1093/biosci/biaa061
https://doi.org/10.1093/biosci/biaa061
https://www.californiasaf.org/california-saf-giant-sequoia-policy-statement-2022/
https://www.californiasaf.org/california-saf-giant-sequoia-policy-statement-2022/
https://doi.org/10.1146/annurev.es.23.110192.000431
https://doi.org/10.1016/j.foreco.2024.121885
https://doi.org/10.1016/j.foreco.2024.121885
https://doi.org/10.1073/pnas.2208120120
https://doi.org/10.1073/pnas.2208120120
https://d3f9k0n15ckvhe.cloudfront.net/wp-content/uploads/2025/02/CBM_CA_report_FINAL.pdf
https://d3f9k0n15ckvhe.cloudfront.net/wp-content/uploads/2025/02/CBM_CA_report_FINAL.pdf
https://www.fs.usda.gov/rm/pubs/rmrs_p073/rmrs_p073_060_076.pdf
https://www.fs.usda.gov/rm/pubs/rmrs_p073/rmrs_p073_060_076.pdf
https://doi.org/10.1071/Wf19091
https://doi.org/10.1071/Wf19091


44

California's Forests and Rangelands: 2025 ASSESSMENT

Dobrowski, S.Z.; Aghai, M.M.; Chichilnisky du Lac, A.; 
Downer, R.; Fargione, J.; Haase, D.L.; Hoecker, T.; 
Kildisheva, O.A.; Murdoch, A.; Newman, S.; North, 
M.; Saksa, P.; Sjoholm, M.; Baribault, T.; Buonanduci, 
M.S.; Chambers, M.E.; Gonzales-Kramer, L.; Harvey, 
B.J.; Hurteau, M.D.; Loevner, J.; Safford, H.D.; Sloan, 
J. 2024. ‘Mind the Gap’—reforestation needs vs. refor-
estation capacity in the western United States. Frontiers 
in Forests and Global Change. 7: 1402124. https://doi.
org/10.3389/ffgc.2024.1402124. 

Dodd. 2024. SB-310: An act to amend Section 3333.8 of the 
Civil Code, and to amend Sections 4002.4 and 4002.6 of, 
and to add and repeal Article 4.5 (commencing with Sec-
tion 4505) of Chapter 7 of Part 2 of Division 4 of, the Pub-
lic Resources Code, relating to fire prevention. California 
State Legislature. Chapter 666. https://leginfo.legislature.
ca.gov/faces/billNavClient.xhtml?bill_id=202320240SB310.

Dodd, B. 2018. SB 901: An act to add Section 815.11 to the 
Civil Code, to add Section 65040.21 to the Government 
Code, to add Section 38535 to the Health and Safety 
Code, to amend Sections. Chapter 626. Statutes of 2018. 
https://leginfo.legislature.ca.gov/faces/billStatusClient.
xhtml?bill_id=201720180SB901. 

Dong, H. 2024. Climate change and real estate markets: An em-
pirical study of the impacts of wildfires on home values in 
California. Landscape and Urban Planning. 247: 105062. 
https://doi.org/10.1016/j.landurbplan.2024.105062. 

Donovan, G.H.; Rideout, D.B. 2003. A reformulation of the 
cost plus net value change (C+NVC) model of wildfire 
economics. Forest Science. 49(2): 318–323. https://doi.
org/10.1093/forestscience/49.2.318. 

Dube, O.P. 2025. Fire disaster risk reduction and agenda 
2030. Nature Sustainability. 8(4): 331–331. https://doi.
org/10.1038/s41893-025-01534-8. 

Easterday, K.; Mclntyre, P.; Kelly, M. 2018. Land ownership 
and 20th century changes to forest structure in California. 
Forest Ecology and Management. 422: 137–146. https://
doi.org/10.1016/j.foreco.2018.04.012. 

Eisenberg, C.; Prichard, S.; Nelson, M.P.; Hessburg, P. 
2024. Braiding Indigenous and western knowledge for 
climate-adapted forests: An ecocultural state of science 
report. Wise Path Forward. https://depts.washington.edu/
flame/mature_forests/pdfs/BraidingSweetgrassReport.pdf. 

Elassar, A. 2022. California once prohibited Native American 
fire practices. Now, it’s asking tribes to use them to help 
prevent wildfires. CNN. https://www.cnn.com/2022/04/03/
us/california-native-american-fire-practitioners-wildfires-cli-
mate/index.html. 

Ellis, T.M.; Bowman, D.M.J.S.; Jain, P.; Flannigan, M.D.; 
Williamson, G.J. 2022. Global increase in wildfire 
risk due to climate-driven declines in fuel moisture. 
Global Change Biology. 28(4): 1544–1559. https://doi.
org/10.1111/gcb.16006. 

Fettig, C.J.; Klepzig, K.D.; Billings, R.F.; Munson, A.S.; 
Nebeker, T.E.; Negrón, J.F.; Nowak, J.T. 2007. The 
effectiveness of vegetation management practices for 
prevention and control of bark beetle infestations in conif-
erous forests of the western and southern United States. 
Forest Ecology and Management. 238(1–3): 24–53. https://
doi.org/10.1016/j.foreco.2006.10.011. 

Finney, M.; McHugh, C.; Grenfell, I.; Riley, K.; Short, K. 
2011. A simulation of probabilistic wildfire risk com-
ponents for the continental United States. Stochastic 
Environmental Research and Risk Assessment. 25(7): 
973–1000. https://doi.org/10.1007/s00477-011-0462-z. 

Finney, M.A. 2005. The challenge of quantitative risk analysis 
for wildland fire. Forest Ecology and Management. 211(1–
2): 97–108. https://doi.org/10.1016/j.foreco.2005.02.010. 

Foote, N.E.; Foote, G.G.; Comai, N.; Ibarra Caballero, J.R.; 
Stewart, J.E.; Ambrose, A.R.; Baxter, W.L.; Davis, T.S. 
2024. Patterns of occurrence, phenology, and phylogeny 
of Phloeosinus punctatus LeConte (Coleoptera: Curcu-
lionidae, Scolytinae) in giant sequoia. Environmental 
Entomology. 53(6): 1183–1196. https://doi.org/10.1093/ee/
nvae089. 

Gannon, B.; Wei, Y.; Belval, E.; Young, J.; Thompson, M.; 
O’Connor, C.; Calkin, D.; Dunn, C. 2023. A quantitative 
analysis of fuel break effectiveness drivers in Southern 
California national forests. Fire. 6(3): 104. https://doi.
org/10.3390/fire6030104. 

Garcia, C.; Rivas, R. 2022. AB-1757: An act to add section 
38561.5 to the health and safety code, relating to green-
house gases. California State Legislature. Chapter 341. 
https://leginfo.legislature.ca.gov/faces/billStatusClient.
xhtml?bill_id=202120220AB1757. 

Garnache, C. 2023. Does the salience of climate-related risk 
affect asset prices? https://papers.ssrn.com/sol3/papers.
cfm?abstract_id=3398404. 

Gatto. 2014. AB-52: An act to amend section 5097.94 of, and 
to add sections 21073, 21074, 21080.3.1, 21080.3.2, 
21082.3, 21083.09, 21084.2, and 21084.3 to, the Public 
Resources Code, relating to Native Americans. Chapter 
532. https://leginfo.legislature.ca.gov/faces/billStatusClient.
xhtml?bill_id=201320140AB52. 

Gellman, J.; Walls, M.; Wibbenmeyer, M. 2022. Wildfire, 
smoke, and outdoor recreation in the western United 
States. Forest Policy and Economics. 134: 102619. https://
doi.org/10.1016/j.forpol.2021.102619. 

Greenler, S.M.; Dunn, C.J.; Johnston, J.D.; Reilly, M.J.; 
Merschel, A.G.; Hagmann, R.K.; Bailey, J.D. 2023. 
Too hot, too cold, or just right: Can wildfire restore dry 
forests of the interior Pacific Northwest? Plos One. 18(2): 
e0281927. https://doi.org/10.1371/journal.pone.0281927. 

Grupenhoff, A.R.; Safford, H.D. 2024. High fire frequency in 
California chaparral reduces postfire shrub regeneration 
and native plant diversity. Ecosphere. 15(12): e70128. 
https://doi.org/10.1002/ecs2.70128. 

https://doi.org/10.3389/ffgc.2024.1402124
https://doi.org/10.3389/ffgc.2024.1402124
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240SB310
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240SB310
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=201720180SB901
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=201720180SB901
https://doi.org/10.1016/j.landurbplan.2024.105062
https://doi.org/10.1093/forestscience/49.2.318
https://doi.org/10.1093/forestscience/49.2.318
https://doi.org/10.1038/s41893-025-01534-8
https://doi.org/10.1038/s41893-025-01534-8
https://doi.org/10.1016/j.foreco.2018.04.012
https://doi.org/10.1016/j.foreco.2018.04.012
https://depts.washington.edu/flame/mature_forests/pdfs/BraidingSweetgrassReport.pdf
https://depts.washington.edu/flame/mature_forests/pdfs/BraidingSweetgrassReport.pdf
https://www.cnn.com/2022/04/03/us/california-native-american-fire-practitioners-wildfires-climate/index.html
https://www.cnn.com/2022/04/03/us/california-native-american-fire-practitioners-wildfires-climate/index.html
https://www.cnn.com/2022/04/03/us/california-native-american-fire-practitioners-wildfires-climate/index.html
https://doi.org/10.1111/gcb.16006
https://doi.org/10.1111/gcb.16006
https://doi.org/10.1016/j.foreco.2006.10.011
https://doi.org/10.1016/j.foreco.2006.10.011
https://doi.org/10.1007/s00477-011-0462-z
https://doi.org/10.1016/j.foreco.2005.02.010
https://doi.org/10.1093/ee/nvae089
https://doi.org/10.1093/ee/nvae089
https://doi.org/10.3390/fire6030104
https://doi.org/10.3390/fire6030104
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB1757
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB1757
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3398404
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3398404
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=201320140AB52
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=201320140AB52
https://doi.org/10.1016/j.forpol.2021.102619
https://doi.org/10.1016/j.forpol.2021.102619
https://doi.org/10.1371/journal.pone.0281927
https://doi.org/10.1002/ecs2.70128


45

Chapter 4: Wildfire

GSLC. 2023. 2023 progress report of saving the sequoias. Giant 
Sequoia Lands Coalition. 35 p. https://giantsequoias.org/
wp-content/uploads/2024/10/2023_GSLC-Annual-Re-
port-REVISED-FINAL-3-7-24.pdf. 

GSLC. 2025. 2024 progress report of saving the sequoias. Giant 
Sequoia Lands Coalition. 40 p. https://www.savethered-
woods.org/wp-content/uploads/files/PR-20250513_2024-
GSLC-Annual-Report.pdf. 

Hagmann, R.K.; Hessburg, P.F.; Prichard, S.J.; Povak, 
N.A.; Brown, P.M.; Fule, P.Z.; Keane, R.E.; Knapp, 
E.E.; Lydersen, J.M.; Metlen, K.L.; Reilly, M.J.; 
Sanchez Meador, A.J.; Stephens, S.L.; Stevens, J.T.; 
Taylor, A.H.; Yocom, L.L.; Battaglia, M.A.; Churchill, 
D.J.; Daniels, L.D.; Falk, D.A.; Henson, P.; Johnston, 
J.D.; Krawchuk, M.A.; Levine, C.R.; Meigs, G.W.; 
Merschel, A.G.; North, M.P.; Safford, H.D.; Swetnam, 
T.W.; Waltz, A.E.M. 2021. Evidence for widespread 
changes in the structure, composition, and fire regimes of 
western North American forests. Ecological Applications. 
31(8): e02431. https://doi.org/10.1002/eap.2431. 

Hankin, L.E.; Anderson, C.T.; Dickman, G.J.; Beving-
ton, P.; Stephens, S.L. 2023. How forest management 
changed the course of the Washburn fire and the fate 
of Yosemite’s giant sequoias (Sequoiadendron gigan-
teum). Fire Ecology. 19(1): 40. https://doi.org/10.1186/
s42408-023-00202-6. 

Hankins, D.L. 2013. The effects of indigenous prescribed fire 
on riparian vegetation in central California. Ecological Pro-
cesses. 2(1): 24. https://doi.org/10.1186/2192-1709-2-24. 

Heft-Neal, S.; Gould, C.F.; Childs, M.L.; Kiang, M.V.; 
Nadeau, K.C.; Duggan, M.; Bendavid, E.; Burke, M. 
2023. Emergency department visits respond nonlinearly 
to wildfire smoke. Proceedings of the National Academy of 
Sciences. 120(39): e2302409120. https://doi.org/10.1073/
pnas.2302409120. 

Hennighausen, H.; James, A. 2024. Catastrophic fires, 
human displacement, and real estate prices in California. 
Journal of Housing Economics. 66: 102023. https://doi.
org/10.1016/j.jhe.2024.102023. 

Hessburg, P.F.; Churchill, D.J.; Larson, A.J.; Haugo, R.D.; 
Miller, C.; Spies, T.A.; North, M.P.; Povak, N.A.; 
Belote, R.T.; Singleton, P.H.; Gaines, W.L.; Keane, 
R.E.; Aplet, G.H.; Stephens, S.L.; Morgan, P.; Bisson, 
P.A.; Rieman, B.E.; Salter, R.B.; Reeves, G.H. 2015. 
Restoring fire-prone Inland Pacific landscapes: Seven core 
principles. Landscape Ecology. 30(10): 1805–1835. https://
doi.org/10.1007/s10980-015-0218-0.

Higuera, P.E.; Abatzoglou, J.T. 2021. Record-setting climate 
enabled the extraordinary 2020 fire season in the western 
United States. Global Change Biology. 27(1): 1–2. https://
doi.org/10.1111/gcb.15388. 

Huang, C.; Hu, Q.; Sang, L.; Lucas, D.D.; Wong, R.; Wang, 
B.; Hong, W.; Yao, M.; Donde, V. 2023. A review of 
public safety power shutoffs (PSPS) for wildfire mitigation: 
Policies, practices, models and data sources. IEEE Trans-
actions on Energy Markets, Policy and Regulation. 1(3): 
187–197. https://doi.org/10.1109/tempr.2023.3287027. 

Huang, Z.; Skidmore, M. 2024. The impact of wildfires and 
wildfire-induced air pollution on house prices in the 
United States. Land Economics. 100(1): 22–50. https://doi.
org/10.3368/le.100.1.102322-0093r. 

Hurteau, M.D.; Goodwin, M.J.; Marsh, C.; Zald, H.S.; 
Collins, B.; Meyer, M.; North, M.P. 2024. Managing 
fire-prone forests in a time of decreasing carbon carry-
ing capacity. Frontiers in Ecology and the Environment. 
22(10): e2801. https://doi.org/10.1002/fee.2801. 

Hurteau, M.D.; Liang, S.; Martin, K.L.; North, M.P.; Koch, 
G.W.; Hungate, B.A. 2016. Restoring forest structure 
and process stabilizes forest carbon in wildfire-prone 
southwestern ponderosa pine forests. Ecological Applica-
tions. 26(2): 382–391. https://doi.org/10.1890/15-0337. 

Hurteau, M.D.; North, M.P.; Koch, G.W.; Hungate, B.A. 
2019. Managing for disturbance stabilizes forest car-
bon. Proceedings of the National Academy of Sciences. 
116(21): 10193–10195. https://doi.org/doi:10.1073/
pnas.1905146116. 

Issler, P.; Stanton, R.H.; Vergara-Alert, C.; Wallace, N.E. 
2020. Mortgage markets with climate-change risk: Evi-
dence from wildfires in California. Unpublished. On file 
with: https://ssrn.com/abstract=3511843. 

Jasperse, L.; Collins, B.M.; Coppoletta, M.; Merriam, K.; 
Stephens, S.L. 2025. Drivers of fire severity in repeat 
fires: Implications for mixed-conifer forests in the Sierra 
Nevada, California. Fire Ecology. 21(1): 46. https://doi.
org/10.1186/s42408-025-00378-z. 

Jones, A.M.; Kane, J.M.; Engber, E.A.; Martorano, C.A.; 
Gibson, J. 2023. Extreme wildfire supersedes long-term 
fuel treatment influences on fuel and vegetation in chapar-
ral ecosystems of northern California, USA. Fire Ecology. 
19(1): 28. https://doi.org/10.1186/s42408-023-00186-3. 

Jones, G.; Collins, B.; Hankin, L.; Hart, R.; Meyer, M.; 
Regelbrugge, J.; Steel, Z.; Thompson, C. 2025. Col-
lapse and restoration of mature forest habitat in Califor-
nia. Biological Conservation. 308: 111241. https://doi.
org/10.1016/j.biocon.2025.111241. 

Jordan, R. 2019. Native approaches to fire management could 
revitalize communities, Stanford researchers find. The 
Mirage. https://www.miragenews.com/native-approach-
es-to-fire-management-could-revitalize-communities-stan-
ford-researchers-find/. 

Keeley, J.E.; Brennan, T.J. 2012. Fire-driven alien invasion 
in a fire-adapted ecosystem. Oecologia. 169(4): 1043–52. 
https://doi.org/10.1007/s00442-012-2253-8. 

Keeley, J.E.; Brennan, T.J.; Syphard, A.D. 2022. The effects 
of prolonged drought on vegetation dieback and megafires 
in southern California chaparral. Ecosphere. 13(8): e4203. 
https://doi.org/10.1002/ecs2.4203. 

Keeley, J.E.; Syphard, A.D. 2021. Large California wildfires: 
2020 fires in historical context. Fire Ecology. 17(1): 22. 
https://doi.org/10.1186/s42408-021-00110-7. 

https://giantsequoias.org/wp-content/uploads/2024/10/2023_GSLC-Annual-Report-REVISED-FINAL-3-7-24.pdf
https://giantsequoias.org/wp-content/uploads/2024/10/2023_GSLC-Annual-Report-REVISED-FINAL-3-7-24.pdf
https://giantsequoias.org/wp-content/uploads/2024/10/2023_GSLC-Annual-Report-REVISED-FINAL-3-7-24.pdf
https://www.savetheredwoods.org/wp-content/uploads/files/PR-20250513_2024-GSLC-Annual-Report.pdf
https://www.savetheredwoods.org/wp-content/uploads/files/PR-20250513_2024-GSLC-Annual-Report.pdf
https://www.savetheredwoods.org/wp-content/uploads/files/PR-20250513_2024-GSLC-Annual-Report.pdf
https://doi.org/10.1002/eap.2431
https://doi.org/10.1186/s42408-023-00202-6
https://doi.org/10.1186/s42408-023-00202-6
https://doi.org/10.1186/2192-1709-2-24
https://doi.org/10.1073/pnas.2302409120
https://doi.org/10.1073/pnas.2302409120
https://doi.org/10.1016/j.jhe.2024.102023
https://doi.org/10.1016/j.jhe.2024.102023
https://doi.org/10.1007/s10980-015-0218-0
https://doi.org/10.1007/s10980-015-0218-0
https://doi.org/10.1111/gcb.15388
https://doi.org/10.1111/gcb.15388
https://doi.org/10.1109/tempr.2023.3287027
https://doi.org/10.3368/le.100.1.102322-0093r
https://doi.org/10.3368/le.100.1.102322-0093r
https://doi.org/10.1002/fee.2801
https://doi.org/10.1890/15-0337
https://doi.org/doi:10.1073/pnas.1905146116
https://doi.org/doi:10.1073/pnas.1905146116
https://ssrn.com/abstract=3511843
https://doi.org/10.1186/s42408-025-00378-z
https://doi.org/10.1186/s42408-025-00378-z
https://doi.org/10.1186/s42408-023-00186-3
https://doi.org/10.1016/j.biocon.2025.111241
https://doi.org/10.1016/j.biocon.2025.111241
https://www.miragenews.com/native-approaches-to-fire-management-could-revitalize-communities-stanfor
https://www.miragenews.com/native-approaches-to-fire-management-could-revitalize-communities-stanfor
https://www.miragenews.com/native-approaches-to-fire-management-could-revitalize-communities-stanfor
https://doi.org/10.1007/s00442-012-2253-8
https://doi.org/10.1002/ecs2.4203
https://doi.org/10.1186/s42408-021-00110-7


46

California's Forests and Rangelands: 2025 ASSESSMENT

Klimaszewski-Patterson, A.; Dingemans, T.; Morgan, C.T.; 
Mensing, S.A. 2024. Human influence on late Holocene 
fire history in a mixed-conifer forest, Sierra National 
Forest, California. Fire Ecology. 20(1): 3. https://doi.
org/10.1186/s42408-023-00245-9. 

Knight, C.A.; Anderson, L.; Bunting, M.J.; Champagne, M.; 
Clayburn, R.M.; Crawford, J.N.; Klimaszewski-Patter-
son, A.; Knapp, E.E.; Lake, F.K.; Mensing, S.A.; Wahl, 
D.; Wanket, J.; Watts-Tobin, A.; Potts, M.D.; Battles, 
J.J. 2022. Land management explains major trends in 
forest structure and composition over the last millennium 
in California's Klamath Mountains. Proceedings of the 
National Academy of Sciences. 119(12): e2116264119. 
https://doi.org/10.1073/pnas.2116264119. 

Kreider, M.R.; Higuera, P.E.; Parks, S.A.; Rice, W.L.; 
White, N.; Larson, A.J. 2024. Fire suppression makes 
wildfires more severe and accentuates impacts of climate 
change and fuel accumulation. Nature Communications. 
15(1): 2412. https://doi.org/10.1038/s41467-024-46702-0. 

Krofcheck, D.J.; Hurteau, M.D.; Scheller, R.M.; Louder-
milk, E.L. 2017. Restoring surface fire stabilizes forest 
carbon under extreme fire weather in the Sierra Neva-
da. Ecosphere. 8(1): e01663. https://doi.org/10.1002/
ecs2.1663. 

Larson, A.J.; Jeronimo, S.M.A.; Hessburg, P.F.; Lutz, J.A.; 
Povak, N.A.; Cansler, C.A.; Kane, V.R.; Churchill, D.J. 
2022. Tamm Review: Ecological principles to guide post-
fire forest landscape management in the Inland Pacific 
and Northern Rocky Mountain regions. Forest Ecology 
and Management. 504: 119680. https://doi.org/10.1016/j.
foreco.2021.119680. 

Levine, B.; Stephens, S.L. 2025. Australia and the United 
States have many similarities and differences in prescribed 
fire management: Learning from each other. Fire Ecology. 
21(1): 50. https://doi.org/10.1186/s42408-025-00395-y. 

Levine, J.I.; Collins, B.M.; Coppoletta, M.; Stephens, S.L. 
2025. Extreme weather magnifies the effects of forest 
structure on wildfire, driving increased severity in indus-
trial forests. Global Change Biology. 31(8): e70400. https://
doi.org/10.1111/gcb.70400. 

Lightfoot, K.G.; Parrish, O. 2009. California Indians and their 
environment: An introduction. 1st Ed. California natural 
history guides. Berkeley: University of California Press. 96 
p. 

Limón. 2024. SB 1101: An act to amend sections 10295 and 
10340 of the Public Contract Code, and to add section 
4114.4 to the Public Resources Code, relating to fire 
prevention. California State Legislature. Chapter 778. 
https://leginfo.legislature.ca.gov/faces/billNavClient.
xhtml?bill_id=202320240SB1101. 

Liu, J.X.; Vogelmann, J.E.; Zhu, Z.L.; Key, C.H.; Sleeter, 
B.M.; Price, D.T.; Chen, J.M.; Cochrane, M.A.; Eiden-
shink, J.C.; Howard, S.M.; Bliss, N.B.; Jiang, H. 2011. 
Estimating California ecosystem carbon change using pro-
cess model and land cover disturbance data: 1951–2000. 
Ecological Modelling. 222(14): 2333–2341. https://doi.
org/10.1016/j.ecolmodel.2011.03.042. 

Long, J.W.; Lake, F.K.; Goode, R.W. 2021. The importance 
of Indigenous cultural burning in forested regions of the 
Pacific West, U.S.A. Forest Ecology and Management. 500: 
119597. https://doi.org/10.1016/j.foreco.2021.119597. 

Loudermilk, E.; Scheller, R.; Weisberg, P.; Kretchun, 
A. 2017. Bending the carbon curve: Fire management 
for carbon resilience under climate change. Landscape 
Ecology. 32(7): 1461–1472. https://doi.org/10.1007/
s10980-016-0447-x. 

Luu, E. 2023. An analysis on wildfire mitigation employed by 
utilities in California. San Luis Obispo: California Polytech-
nic State University. MS in Electrical Engineering. https://
digitalcommons.calpoly.edu/theses/2697. 

Lydersen, J.M.; Collins, B.M.; Brooks, M.L.; Matchett, 
J.R.; Shive, K.L.; Povak, N.A.; Kane, V.R.; Smith, D.F. 
2017. Evidence of fuels management and fire weather 
influencing fire severity in an extreme fire event. Ecological 
Applications. 27(7): 2013–2030. https://doi.org/10.1002/
eap.1586. 

Lydersen, J.M.; Collins, B.M.; Hunsaker, C.T. 2019. 
Implementation constraints limit benefits of restoration 
treatments in mixed-conifer forests. International Journal 
of Wildland Fire. 28(7): 495–511. https://doi.org/10.1071/
Wf18141. 

Lydersen, J.M.; North, M.P.; Knapp, E.E.; Collins, B.M. 
2013. Quantifying spatial patterns of tree groups and 
gaps in mixed-conifer forests: Reference conditions and 
long-term changes following fire suppression and logging. 
Forest Ecology and Management. 304: 370–382. https://
doi.org/10.1016/j.foreco.2013.05.023.

Lyman, S. 2024. Barriers to and solutions for fuel treatments 
in the Central California coast ranges. San Luis Obispo, 
CA: California Polytechnic State University. Master of 
Science in Environmental Sciences and Management. 
https://digitalcommons.calpoly.edu/cgi/viewcontent.
cgi?article=4573&context=theses. 

Mallek, C.; Safford, H.; Viers, J.; Miller, J. 2013. Modern 
departures in fire severity and area vary by forest type, Si-
erra Nevada and southern Cascades, California, USA. Eco-
sphere. 4(12): 153. https://doi.org/10.1890/ES13-00217.1. . 

Margolis, E.; Wion, A.; Abatzoglou, J.; Daniels, L.; Falk, D.; 
Guiterman, C.; Johnston, J.; Kipfmueller, K.; Lafon, 
C.; Loehman, R.; Lonergan, M.; Naficy, C.; Parisien, 
M.A.; Parks, S.; Portier, J.; Stambaugh, M.; Whitman, 
E.; Williams, A.P.; Yocom, L. 2025. Spatiotemporal 
synchrony of climate and fire occurrence across North 
American forests (1750–1880). Global Ecology and Bioge-
ography. 34(1): e13937. https://doi.org/10.1111/geb.13937. 

Marks-Block, T.; Lake, F.; Curran, L. 2019. Effects of under-
story fire management treatments on California Hazelnut, 
an ecocultural resource of the Karuk and Yurok Indians in 
the Pacific Northwest. Forest Ecology and Management. 
450: 117517. https://doi.org/10.1016/j.foreco.2019.117517. 

Marks-Block, T.; Tripp, W. 2021. Facilitating prescribed fire 
in northern California through Indigenous governance 
and interagency partnerships. Fire. 4(3): 37. https://doi.
org/10.3390/fire4030037. 

https://doi.org/10.1186/s42408-023-00245-9
https://doi.org/10.1186/s42408-023-00245-9
https://doi.org/10.1073/pnas.2116264119
https://doi.org/10.1038/s41467-024-46702-0
https://doi.org/10.1002/ecs2.1663
https://doi.org/10.1002/ecs2.1663
https://doi.org/10.1016/j.foreco.2021.119680
https://doi.org/10.1016/j.foreco.2021.119680
https://doi.org/10.1186/s42408-025-00395-y
https://doi.org/10.1111/gcb.70400
https://doi.org/10.1111/gcb.70400
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240SB1101
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202320240SB1101
https://doi.org/10.1016/j.ecolmodel.2011.03.042
https://doi.org/10.1016/j.ecolmodel.2011.03.042
https://doi.org/10.1016/j.foreco.2021.119597
https://doi.org/10.1007/s10980-016-0447-x
https://doi.org/10.1007/s10980-016-0447-x
https://digitalcommons.calpoly.edu/theses/2697
https://digitalcommons.calpoly.edu/theses/2697
https://doi.org/10.1002/eap.1586
https://doi.org/10.1002/eap.1586
https://doi.org/10.1071/Wf18141
https://doi.org/10.1071/Wf18141
https://doi.org/10.1016/j.foreco.2013.05.023
https://doi.org/10.1016/j.foreco.2013.05.023
https://digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=4573&context=theses
https://digitalcommons.calpoly.edu/cgi/viewcontent.cgi?article=4573&context=theses
https://doi.org/10.1890/ES13-00217.1
https://doi.org/10.1111/geb.13937
https://doi.org/10.1016/j.foreco.2019.117517
https://doi.org/10.3390/fire4030037
https://doi.org/10.3390/fire4030037


47

Chapter 4: Wildfire

Marlon, J.R.; Bartlein, P.J.; Gavin, D.G.; Long, C.J.; 
Anderson, R.S.; Briles, C.E.; Brown, K.J.; Colom-
baroli, D.; Hallett, D.J.; Power, M.J.; Scharf, E.A.; 
Walsh, M.K. 2012. Long-term perspective on wildfires 
in the western USA. Proceedings of the National Academy 
of Sciences. 109(9): E535–43. https://doi.org/10.1073/
pnas.1112839109. 

MBG. 2023. Long-term economic impacts of large fires in 
California from 2018–2021: Losses and opportunities. 
Portland, OR: Mason, Bruce and Girard, Inc. 69 p. https://
masonbruce.com/news/long-term-economic-impacts-
of-large-fires-in-california-from-2018-2021-losses-and-
opportunities/. 

McConnell, K.; Whitaker, S.; Fussell, E.; DeWaard, J.; 
Curtis, K.; Price, K.; Denis, L.S.; Balch, J. 2021. Effects 
of wildfire destruction on migration, consumer credit, 
and financial distress. Federal Reserve Bank of Cleveland; 
Working Paper no. 21-29 (December 2021). https://doi.
org/10.26509/frbc-wp-202129. 

McCoy, S.J.; Walsh, R.P. 2018. Wildfire risk, salience & 
housing demand. Journal of Environmental Economics 
and Management. 91: 203–228. https://doi.org/10.1016/j.
jeem.2018.07.005. 

Meyer, M.D. 2015. Forest fire severity patterns of resource ob-
jective wildfires in the Southern Sierra Nevada. Journal of 
Forestry. 113(1): 49–56. https://doi.org/10.5849/jof.14-084. 

Meyer, M.D.; Long, J.W.; Safford, H.D. 2021. Postfire res-
toration framework for national forests in California. Gen. 
Tech. Rep. PSW-GTR-270. Albany, CA: U.S. Department 
of Agriculture, Forest Service, Pacific Southwest Research 
Station. 204 p. https://doi.org/10.2737/psw-gtr-270. 

Meyer, M.D.; Safford, H.D. 2011. Giant sequoia regener-
ation in groves exposed to wildfire and retention har-
vest. Fire Ecology. 7(2): 2–16. https://doi.org/10.4996/
fireecology.0702002. 

Miller, R.; Field, C.; Mach, K. 2020. Barriers and enablers 
for prescribed burns for wildfire management in Cali-
fornia. Nature Sustainability. 3(2): 101–109. https://doi.
org/10.1038/s41893-019-0451-7. 

Minnich, R.A.; Barbour, M.G.; Burke, J.H.; Sosa-Ramirez, 
J. 2000. Californian mixed-conifer forests under unman-
aged fire regimes in the Sierra San Pedro Martir, Baja Cali-
fornia, Mexico. Journal of Biogeography. 27 (1): 105–129. 
https://www.jstor.org/stable/2655990. 

Mitchell, J. 2023. Analysis of utility wildfire risk assessments 
and mitigations in California. Fire Safety Journal. 140: 
103879. https://doi.org/10.1016/j.firesaf.2023.103879. 

Moritz, M.A.; Batllori, E.; Bradstock, R.A.; Gill, A.M.; 
Handmer, J.; Hessburg, P.F.; Leonard, J.; McCaffrey, 
S.; Odion, D.C.; Schoennagel, T.; Syphard, A.D. 2014. 
Learning to coexist with wildfire. Nature. 515(7525): 
58–66. https://doi.org/10.1038/nature13946. 

Nagel, L.M.; Palik, B.J.; Battaglia, M.A.; D'Amato, A.W.; 
Guldin, J.M.; Swanston, C.W.; Janowiak, M.K.; 
Powers, M.P.; Joyce, L.A.; Millar, C.I.; Peterson, D.L.; 
Ganio, L.M.; Kirschbaum, C.; Roske, M.R. 2017. Adap-
tive silviculture for climate change: A national experiment 
in manager-scientist partnerships to apply an adaptation 
framework. Journal of Forestry. 115(3): 167–178. https://
doi.org/10.5849/jof.16-039. 

Nagelson, P.B.; York, R.A.; Kral, J.J.; Phelan, C.; Quirm-
bach, C.; Bisbing, S.M. 2026. Treatments mediate wild-
fire impacts to old-growth giant sequoia. Forest Ecology 
and Management. 614: 123811. https://doi.org/10.1016/j.
foreco.2026.123811. 

NASA. 2025. Wildfire, Ecosystem Resilience, & Risk Assess-
ment Initiative (WERK). National Aeronautics and Space 
Administration https://www.nasa.gov/werk/. 

Newsom, G. 2019. Executive Order N-15-19. Executive Office, 
State of California. https://www.library.ca.gov/wp-content/
uploads/GovernmentPublications/executive-order-procla-
mation/40-N-15-19.pdf. 

Newsom, G. 2025. Executive Order, N-25-25. Ex-
ecutive Office, State of California. https://
www.library.ca.gov/government-publications/
executive-orders/?SelectedEONumber=N-25-25. 

NIFC. 2023. Suppression costs. National Interagency Fire 
Center. https://www.nifc.gov/fire-information/statistics/
suppression-costs. 

North, M.; Brough, A.; Long, J.; Collins, B.; Bowden, P.; 
Yasuda, D.; Miller, J.; Sugihara, N. 2015a. Constraints 
on mechanized treatment significantly limit mechanical 
fuels reduction extent in the Sierra Nevada. Journal of For-
estry. 113(1): 40–48. https://doi.org/10.5849/jof.14-058. 

North, M.P.; Stephens, S.L.; Collins, B.M.; Agee, J.K.; 
Aplet, G.; Franklin, J.F.; Fulé, P.Z. 2015b. Reform 
forest fire management. Science. 349(6254): 1280–1281. 
https://doi.org/10.1126/science.aab2356. 

North, M.P.; Stevens, J.T.; Greene, D.F.; Coppoletta, M.; 
Knapp, E.E.; Latimer, A.M.; Restaino, C.M.; Tomp-
kins, R.E.; Welch, K.R.; York, R.A.; Young, D.J.N.; 
Axelson, J.N.; Buckley, T.N.; Estes, B.L.; Hager, R.N.; 
Long, J.W.; Meyer, M.D.; Ostoja, S.M.; Safford, H.D.; 
Shive, K.L.; Tubbesing, C.L.; Vice, H.; Walsh, D.; Wer-
ner, C.M.; Wyrsch, P. 2019. Tamm Review: Reforesta-
tion for resilience in dry western US forests. Forest Ecology 
and Management. 432: 209–224. https://doi.org/10.1016/j.
foreco.2018.09.007. 

North, M.P.; York, R.A.; Collins, B.M.; Hurteau, M.D.; 
Jones, G.M.; Knapp, E.E.; Kobziar, L.; McCann, H.; 
Meyer, M.D.; Stephens, S.L.; Tompkins, R.E.; Tub-
besing, C.L. 2021. Pyrosilviculture needed for landscape 
resilience of dry western United States forests. Journal of 
Forestry. 119(5): 520–544. https://doi.org/10.1093/jofore/
fvab026. 

Noss, R.F.; Franklin, J.F.; Baker, W.L.; Schoennagel, T.; 
Moyle, P.B. 2006. Managing fire-prone forests in the 
western United States. Frontiers in Ecology and the Envi-
ronment. 4(9): 481–487. https://doi.org/10.1890/1540-929
5(2006)4[481:MFFITW]2.0.CO;2. 

https://doi.org/10.1073/pnas.1112839109
https://doi.org/10.1073/pnas.1112839109
https://masonbruce.com/news/long-term-economic-impacts-of-large-fires-in-california-from-2018-2021-l
https://masonbruce.com/news/long-term-economic-impacts-of-large-fires-in-california-from-2018-2021-l
https://masonbruce.com/news/long-term-economic-impacts-of-large-fires-in-california-from-2018-2021-l
https://masonbruce.com/news/long-term-economic-impacts-of-large-fires-in-california-from-2018-2021-l
https://doi.org/10.26509/frbc-wp-202129
https://doi.org/10.26509/frbc-wp-202129
https://doi.org/10.1016/j.jeem.2018.07.005
https://doi.org/10.1016/j.jeem.2018.07.005
https://doi.org/10.5849/jof.14-084
https://doi.org/10.2737/psw-gtr-270
https://doi.org/10.4996/fireecology.0702002
https://doi.org/10.4996/fireecology.0702002
https://doi.org/10.1038/s41893-019-0451-7
https://doi.org/10.1038/s41893-019-0451-7
https://www.jstor.org/stable/2655990
https://doi.org/10.1016/j.firesaf.2023.103879
https://doi.org/10.1038/nature13946
https://doi.org/10.5849/jof.16-039
https://doi.org/10.5849/jof.16-039
https://doi.org/10.1016/j.foreco.2026.123811
https://doi.org/10.1016/j.foreco.2026.123811
https://www.nasa.gov/werk/
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/40
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/40
https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/40
https://www.library.ca.gov/government-publications/executive-orders/?SelectedEONumber=N-25-25
https://www.library.ca.gov/government-publications/executive-orders/?SelectedEONumber=N-25-25
https://www.library.ca.gov/government-publications/executive-orders/?SelectedEONumber=N-25-25
https://www.nifc.gov/fire-information/statistics/suppression-costs
https://www.nifc.gov/fire-information/statistics/suppression-costs
https://doi.org/10.5849/jof.14-058
https://doi.org/10.1126/science.aab2356
https://doi.org/10.1016/j.foreco.2018.09.007
https://doi.org/10.1016/j.foreco.2018.09.007
https://doi.org/10.1093/jofore/fvab026
https://doi.org/10.1093/jofore/fvab026
https://doi.org/10.1890/1540-9295(2006)4[481:MFFITW]2.0.CO;2
https://doi.org/10.1890/1540-9295(2006)4[481:MFFITW]2.0.CO;2


48

California's Forests and Rangelands: 2025 ASSESSMENT

OEIS. 2026. Wildfire mitigation plans. Wildfire mitigation and 
safety. Office of Energy Infrastructure Safety. https://ener-
gysafety.ca.gov/what-we-do/electrical-infrastructure-safety/
wildfire-mitigation-and-safety/wildfire-mitigation-plans/. 

Paci, J.; Newman, M.; Gage, T. 2023. The economic, fiscal, 
and environmental costs of wildfires in California. Blue Sky 
Consulting Group. 29 p. https://www.moore.org/docs/de-
fault-source/default-document-library/the-economic-fiscal-
and-environmental-costs-of-wildfires-in-ca.pdf. 

Parisien, M.-A.; Dawe, D.A.; Miller, C.; Stockdale, C.A.; Ar-
mitage, O.B. 2019. Applications of simulation-based burn 
probability modelling: A review. International Journal of 
Wildland Fire. 28(12): 913–926. https://doi.org/10.1071/
WF19069. 

Parks, S.A.; Coop, J.D.; Davis, K.T. 2025. Intensifying fire 
season aridity portends ongoing expansion of severe 
wildfire in western forests. Global Change Biology. 31(8): 
e70429. https://doi.org/10.1111/gcb.70429. 

Pausas, J.G.; Keeley, J.E. 2019. Wildfires as an ecosystem 
service. Frontiers in Ecology and the Environment. 17(5): 
289–295. https://doi.org/10.1002/fee.2044. 

Prichard, S.J.; Povak, N.A.; Kennedy, M.C.; Peterson, D.W. 
2020. Fuel treatment effectiveness in the context of land-
form, vegetation, and large, wind-driven wildfires. Ecolog-
ical Applications. 30(5): e02104. https://doi.org/10.1002/
eap.2104. 

Prichard, S.J.; Stevens-Rumann, C.S.; Hessburg, P.F. 
2017. Tamm Review: Shifting global fire regimes: Lessons 
from reburns and research needs. Forest Ecology and 
Management. 396: 217–233. https://doi.org/10.1016/j.
foreco.2017.03.035. 

Ramos. 2022. AB-923: An act to add Section 11019.81 to 
the Government Code, relating to state government. 
https://leginfo.legislature.ca.gov/faces/billStatusClient.
xhtml?bill_id=202120220AB923. 

Rodman, K.C.; Davis, K.T.; Parks, S.A.; Chapman, T.B.; 
Coop, J.D.; Iniguez, J.M.; Roccaforte, J.P.; Meador, 
S., Andrew J.; Springer, J.D.; Stevens-Rumann, C.S.; 
Stoddard, M.T.; Waltz, A.E.M.; Wasserman, T.N. 
2023. Refuge-yeah or refuge-nah? Predicting locations 
of forest resistance and recruitment in a fiery world. 
Global Change Biology. 29(24): 7029–7050. https://doi.
org/10.1111/gcb.16939. 

Roos, C.I.; Guiterman, C.H.; Margolis, E.Q.; Swetnam, 
T.W.; Laluk, N.C.; Thompson, K.F.; Toya, C.; Farris, 
C.A.; Fulé, P.Z.; Iniguez, J.M.; Kaib, J.M.; O’Connor, 
C.D.; Whitehair, L. 2022. Indigenous fire management 
and cross-scale fire-climate relationships in the Southwest 
United States from 1500 to 1900 CE. Science Advances. 
8(49): eabq3221. https://doi.org/10.1126/sciadv.abq3221. 

Rundel, P.W. 2018. California chaparral and its global signif-
icance. In: Underwood, E., Safford, H.D., Molinari, N.A., 
Keeley, J.E., eds. Valuing chaparral. Springer Series on 
Environmental Management. Springer International Pub-
lishing. https://doi.org/10.1007/978-3-319-68303-4. 

Rutherford, K.H.; Evett, R.R.; Hopkinson, P. 2020. Using 
phytolith analysis to reconstruct prehistoric fire regimes 
in central coastal California. International Journal of 
Wildland Fire. 29(9): 832–840. https://doi.org/10.1071/
WF20013. 

Safford, H.D.; Stevens, J.T. 2017. Natural range of variation 
for yellow pine and mixed-conifer forests in the Sierra 
Nevada, southern Cascades, and Modoc and Inyo National 
Forests, California, USA. Gen. Tech. Rep. PSW-GTR-256. 
Albany, CA: U.S. Department of Agriculture, Forest Ser-
vice, Pacific Southwest Research Station. 229 p. https://
research.fs.usda.gov/treesearch/55393. 

Safford, H.D.; Van de Water, K.; Clark, C. 2022. California 
Fire Return Interval Departure (FRID) map. http://www.
fs.usda.gov/main/r5/landmanagement/gis. 

Safford, H.D.; Van de Water, K.M. 2014. Using fire return 
interval departure (FRID) analysis to map spatial and 
temporal changes in fire frequency on national forest lands 
in California. Res. Pap. PSW-RP-266. Albany, CA: U.S. 
Department of Agriculture, Forest Service, Pacific South-
west Research Station. 59 p. https://research.fs.usda.gov/
treesearch/45476. 

Sapsis, D.; Bede, J.; Dingman, J.; Enstice, N.; Moody, T.; 
Scott, K.; Sherlock, J.; Tarnay, L.; Tase, N. 2016. 
Forest fire, drought, restoration treatments, and carbon 
dynamics: A way forward. California Forestry Note No. 
121. Sacramento, CA: California Department of Forestry 
and Fire Protection. 23 p. (November 2, 2017).

Schelenz, R.; Wheelock, J. 2022. How the Indigenous practice 
of ‘good fire’ can help our forests thrive: Once outlawed, 
cultural burns can save our forests from uncontrollable 
wildfire. University of California. https://www.university-
ofcalifornia.edu/news/how-indigenous-practice-good-fire-
can-help-our-forests-thrive. 

Schultz, C.; Mccaffrey, S.; Huber-Stearns, H. 2019. Policy 
barriers and opportunities for prescribed fire application 
in the western United States. International Journal of 
Wildland Fire. 28(11): 874–884. https://doi.org/10.1071/
WF19040. 

Scott, J.H.; Thompson, M.P.; Calkin, D.E. 2013. A wildfire 
risk assessment framework for land and resource manage-
ment. Gen. Tech. Rep. RMRS-GTR-315. Missoula, MT: 
U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Research Station. 83 p. 

Shive, K.; Brigham, C.; Caprio, T.; Hardwick, P. 2021. 2021 
fire season impacts to giant sequoias. National Park Ser-
vice. https://www.nps.gov/articles/000/2021-fire-season-im-
pacts-to-giant-sequoias.htm. 

Shive, K.; Coppoletta, M.; Wayman, R.; Paulson, A.; Wil-
son, K.; Abatzaglou, J.; Saberi, S.; Estes, B.; Safford, 
H. 2024. Thinning with follow-up burning treatments 
have increased effectiveness at reducing severity in Cali-
fornia's largest wildfire. Forest Ecology and Management. 
572: 122171. https://doi.org/10.1016/j.foreco.2024.122171. 

https://energysafety.ca.gov/what-we-do/electrical-infrastructure-safety/wildfire-mitigation-and-safe
https://energysafety.ca.gov/what-we-do/electrical-infrastructure-safety/wildfire-mitigation-and-safe
https://energysafety.ca.gov/what-we-do/electrical-infrastructure-safety/wildfire-mitigation-and-safe
https://www.moore.org/docs/default-source/default-document-library/the-economic-fiscal-and-environmental-costs-of-wildfires-in-ca.pdf
https://www.moore.org/docs/default-source/default-document-library/the-economic-fiscal-and-environmental-costs-of-wildfires-in-ca.pdf
https://www.moore.org/docs/default-source/default-document-library/the-economic-fiscal-and-environmental-costs-of-wildfires-in-ca.pdf
https://doi.org/10.1071/WF19069
https://doi.org/10.1071/WF19069
https://doi.org/10.1111/gcb.70429
https://doi.org/10.1002/fee.2044
https://doi.org/10.1002/eap.2104
https://doi.org/10.1002/eap.2104
https://doi.org/10.1016/j.foreco.2017.03.035
https://doi.org/10.1016/j.foreco.2017.03.035
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB923
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB923
https://doi.org/10.1111/gcb.16939
https://doi.org/10.1111/gcb.16939
https://doi.org/10.1126/sciadv.abq3221
https://doi.org/10.1007/978-3-319-68303-4
https://doi.org/10.1071/WF20013
https://doi.org/10.1071/WF20013
https://research.fs.usda.gov/treesearch/55393
https://research.fs.usda.gov/treesearch/55393
http://www.fs.usda.gov/main/r5/landmanagement/gis
http://www.fs.usda.gov/main/r5/landmanagement/gis
https://research.fs.usda.gov/treesearch/45476
https://research.fs.usda.gov/treesearch/45476
https://www.universityofcalifornia.edu/news/how-indigenous-practice-good-fire-can-help-our-forests-t
https://www.universityofcalifornia.edu/news/how-indigenous-practice-good-fire-can-help-our-forests-t
https://www.universityofcalifornia.edu/news/how-indigenous-practice-good-fire-can-help-our-forests-t
https://doi.org/10.1071/WF19040
https://doi.org/10.1071/WF19040
https://www.nps.gov/articles/000/2021-fire-season-impacts-to-giant-sequoias.htm
https://www.nps.gov/articles/000/2021-fire-season-impacts-to-giant-sequoias.htm
https://doi.org/10.1016/j.foreco.2024.122171


49

Chapter 4: Wildfire

Shive, K.; Wuenschel, A.; Hardlund, L.; Morris, S.; Meyer, 
M.; Hood, S. 2022. Ancient trees and modern wildfires: 
Declining resilience to wildfire in the highly fire-adapt-
ed giant sequoia. Forest Ecology and Management. 511: 
120110. https://doi.org/10.1016/j.foreco.2022.120110. 

Shive, K.L.; Knight, C.A.; Steel, Z.L.; Stanley, C.K.; Wilson, 
K.N. 2025. Leveraging wildfire to augment forest man-
agement and amplify forest resilience. Ecosphere. 16(6): 
e70306. https://doi.org/10.1002/ecs2.70306. 

Shive, K.L.: Baker, B.; Soderberg, D.; Hardlund, L.J.; 
Meyer, M.D.; Nagelson, P.B.; Bisbing, S.M.; Das, A.J.; 
Stephenson, N.L. 2026. The state of the giant sequoias: 
Losses, risks, and opportunities. Fire Ecol. 22 (1): 30. https://
doi.org/10.1186/s42408-026-00469-5. 

Sieg, C.H.; Linn, R.R.; Pimont, F.; Hoffman, C.M.; Mc-
Millin, J.D.; Winterkamp, J.; Baggett, L.S. 2017. 
Fires following bark beetles: Factors controlling se-
verity and disturbance interactions in ponderosa pine. 
Fire Ecology. 13(3): 1–23. https://doi.org/10.4996/
fireecology.130300123. 

Skinner; Chesbro. 2010. AB-1504: An act to amend Sections 
4512, 4513, and 4551 of, and to add Section 4512.5 to, 
the Public Resources Code, relating to forest resources. 
Chapter 534. California State Legislature. Statutes of 2010. 
https://leginfo.legislature.ca.gov/faces/billStatusClient.
xhtml?bill_id=200920100AB1504. 

Soderberg, D.N.; Das, A.J.; Stephenson, N.L.; Meyer, M.D.; 
Brigham, C.A.; Flickinger, J. 2024. Assessing giant 
sequoia mortality and regeneration following high-severity 
wildfire. Ecosphere. 15(3): e4789. https://doi.org/10.1002/
ecs2.4789. 

Sommer, L. 2020. To manage wildfire, California looks to what 
tribes have known all along. Culver City, CA: National 
Public Radio. https://www.npr.org/2020/08/24/899422710/
to-manage-wildfire-california-looks-to-what-tribes-have-
known-all-along. 

Steel, Z.L.; Safford, H.D.; Viers, J.H. 2015. The fire frequen-
cy-severity relationship and the legacy of fire suppres-
sion in California forests. Ecosphere. 6(1): 8. https://doi.
org/10.1890/Es14-00224.1. 

Stephens, S.L.; Agee, J.K.; Fulé, P.Z.; North, M.P.; Romme, 
W.H.; Swetnam, T.W.; Turner, M.G. 2013. Managing 
forests and fire in changing climates. Science. 342(6154): 
41–42. https://doi.org/10.1126/science.1240294. 

Stephens, S.L.; Battaglia, M.A.; Churchill, D.J.; Collins, 
B.M.; Coppoletta, M.; Hoffman, C.M.; Lydersen, J.M.; 
North, M.P.; Parsons, R.A.; Ritter, S.M.; Stevens, J.T. 
2020. Forest restoration and fuels reduction: Conver-
gent or divergent? BioScience. 71(1): 85–101. https://doi.
org/10.1093/biosci/biaa134. 

Stephens, S.L.; Bernal, A.A.; Collins, B.M.; Finney, M.A.; 
Lautenberger, C.; Saah, D. 2022. Mass fire behavior 
created by extensive tree mortality and high tree density 
not predicted by operational fire behavior models in the 
southern Sierra Nevada. Forest Ecology and Management. 
518: 120258. https://doi.org/10.1016/j.foreco.2022.120258. 

Stephens, S.L.; Collins, B.M.; Biber, E.; Fulé, P.Z. 2016. US 
federal fire and forest policy: Emphasizing resilience in dry 
forests. Ecosphere. 7(11): e01584. https://doi.org/10.1002/
ecs2.1584. 

Stephens, S.L.; Foster, D.E.; Battles, J.J.; Bernal, A.A.; 
Collins, B.M.; Hedges, R.; Moghaddas, J.J.; Roughton, 
A.T.; York, R.A. 2024. Forest restoration and fuels re-
duction work: Different pathways for achieving success in 
the Sierra Nevada. Ecological Applications. 34(2): e2932. 
https://doi.org/10.1002/eap.2932.

Stephens, S.L.; Hall, L.; Stephens, C.W.; Bernal, A.A.; Col-
lins, B.M. 2023. Degradation and restoration of Indige-
nous California black oak (Quercus kelloggii) stands in the 
northern Sierra Nevada. Fire Ecology. 19(1): 12. https://doi.
org/10.1186/s42408-023-00172-9. 

Stephens, S.L.; Martin, R.E.; Clinton, N.E. 2007. Prehistoric 
fire area and emissions from California's forests, wood-
lands, shrublands, and grasslands. Forest Ecology and 
Management. 251(3): 205–216. https://doi.org/10.1016/j.
foreco.2007.06.005. 

Stephenson, N.; Brigham, C. 2021. Preliminary estimates 
of sequoia mortality in the 2020 Castle Fire. National 
Park Service, Sequoia and Kings Canyon National Park. 
https://www.nps.gov/articles/000/preliminary-estimates-of-
sequoia-mortality-in-the-2020-castle-fire.htm. 

Stephenson, N.; Caprio, A.; Soderberg, D.; Das, A.; Lopez, 
E.; Williams, A. 2024a. Post-fire reference densities 
for giant sequoia seedlings in a new era of high-severity 
wildfires. Forest Ecology and Management. 562: 121916. 
https://doi.org/10.1016/j.foreco.2024.121916. 

Stephenson, N.L.; Soderberg, D.N.; Flickinger, J.A.; Cap-
rio, A.C.; Das, A.J. 2024b. Effects of recent wildfires on 
giant sequoia groves were anomalous at millennial times-
cales: A response to Hanson et al. Fire Ecology. 20(1):89. 
https://doi.org/10.1186/s42408-024-00316-5. 

Stevens-Rumann, C.S.; Morgan, P. 2019. Tree regeneration 
following wildfires in the western US: a review. Fire Ecolo-
gy. 15(1): 15. https://doi.org/10.1186/s42408-019-0032-1. 

Stevens, J.T.; Collins, B.M.; Miller, J.D.; North, M.P.; Ste-
phens, S.L. 2017. Changing spatial patterns of stand-re-
placing fire in California conifer forests. Forest Ecology 
and Management. 406: 28–36. https://doi.org/10.1016/j.
foreco.2017.08.051. 

Stewart, J.A.; Wright, J.W.; Godfrey, J.M.; O'Neil, G.A.; 
Ostoja, S.M.; Thorne, J.H.; Boynton, R.M. 2023. An 
evidence-based tool to improve reforestation outcomes. 
https://reforestationtools.org/docs/cast/presentations/LAM-
RC_open_house_poster_May2023.pdf. 

Stewart, J.A.E.; van Mantgem, P.J.; Young, D.J.N.; Shive, 
K.L.; Preisler, H.K.; Das, A.J.; Stephenson, N.L.; 
Keeley, J.E.; Safford, H.D.; Wright, M.C.; Welch, 
K.R.; Thorne, J.H. 2021. Effects of postfire climate and 
seed availability on postfire conifer regeneration. Ecolog-
ical Applications. 31(3): e02280. https://doi.org/10.1002/
eap.2280. 

https://doi.org/10.1016/j.foreco.2022.120110
https://doi.org/10.1002/ecs2.70306
https://doi.org/10.1186/s42408-026-00469-5
https://doi.org/10.1186/s42408-026-00469-5
https://doi.org/10.4996/fireecology.130300123
https://doi.org/10.4996/fireecology.130300123
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=200920100AB1504
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=200920100AB1504
https://doi.org/10.1002/ecs2.4789
https://doi.org/10.1002/ecs2.4789
https://www.npr.org/2020/08/24/899422710/to-manage-wildfire-california-looks-to-what-tribes-have-kno
https://www.npr.org/2020/08/24/899422710/to-manage-wildfire-california-looks-to-what-tribes-have-kno
https://www.npr.org/2020/08/24/899422710/to-manage-wildfire-california-looks-to-what-tribes-have-kno
https://doi.org/10.1890/Es14-00224.1
https://doi.org/10.1890/Es14-00224.1
https://doi.org/10.1126/science.1240294
https://doi.org/10.1093/biosci/biaa134
https://doi.org/10.1093/biosci/biaa134
https://doi.org/10.1016/j.foreco.2022.120258
https://doi.org/10.1002/ecs2.1584
https://doi.org/10.1002/ecs2.1584
https://doi.org/10.1002/eap.2932
https://doi.org/10.1186/s42408-023-00172-9
https://doi.org/10.1186/s42408-023-00172-9
https://doi.org/10.1016/j.foreco.2007.06.005
https://doi.org/10.1016/j.foreco.2007.06.005
https://www.nps.gov/articles/000/preliminary-estimates-of-sequoia-mortality-in-the-2020-castle-fire.
https://www.nps.gov/articles/000/preliminary-estimates-of-sequoia-mortality-in-the-2020-castle-fire.
https://doi.org/10.1016/j.foreco.2024.121916
https://doi.org/10.1186/s42408-024-00316-5
https://doi.org/10.1186/s42408-019-0032-1
https://doi.org/10.1016/j.foreco.2017.08.051
https://doi.org/10.1016/j.foreco.2017.08.051
https://reforestationtools.org/docs/cast/presentations/LAMRC_open_house_poster_May2023.pdf
https://reforestationtools.org/docs/cast/presentations/LAMRC_open_house_poster_May2023.pdf
https://doi.org/10.1002/eap.2280
https://doi.org/10.1002/eap.2280


50

California's Forests and Rangelands: 2025 ASSESSMENT

Swain, D.L.; Abatzoglou, J.T.; Albano, C.M.; Brunner, M.I.; 
Diffenbaugh, N.S.; Kolden, C.; Prein, A.F.; Singh, 
D.; Skinner, C.B.; Swetnam, T.W.; Touma, D. 2025. 
Increasing hydroclimatic whiplash can amplify wildfire 
risk in a warming climate. Global Change Biology. 31(2): 
e70075. https://doi.org/10.1111/gcb.70075. 

Syphard, A.D.; Brennan, T.J.; Keeley, J.E. 2019. Extent and 
drivers of vegetation type conversion in Southern Cali-
fornia chaparral. Ecosphere. 10(7): e02796. https://doi.
org/10.1002/ecs2.2796. 

Syphard, A.D.; Keeley, J.E.; Abatzoglou, J.T. 2017. Trends 
and drivers of fire activity vary across California aridland 
ecosystems. Journal of Arid Environments. 144: 110–122. 
https://doi.org/10.1016/j.jaridenv.2017.03.017. 

Syphard, A.D.; Keeley, J.E.; Brennan, T.J. 2011. Comparing 
the role of fuel breaks across southern California nation-
al forests. Forest Ecology and Management. 261(11): 
2038–2048. https://doi.org/10.1016/j.foreco.2011.02.030. 

Taylor, A.H.; Trouet, V.; Skinner, C.N.; Stephens, S. 2016. 
Socioecological transitions trigger fire regime shifts and 
modulate fire–climate interactions in the Sierra Neva-
da, USA, 1600–2015 CE. Proceedings of the National 
Academy of Sciences. 113(48): 13684–13689. https://doi.
org/10.1073/pnas.1609775113. 

Thomas, D.; Butry, D.; Gilbert, S.; Webb, D.; Fung, J. 2017. 
The costs and losses of wildfires: A literature review. 
National Institute of Standards and Technology (NIST), 
Applied Economics Office Engineering Laboratory. https://
doi.org/10.6028/NIST.SP.1215. 

Timbrook, J.; Johnson, J.R.; Earle, D.D. 1982. Vegetation 
burning by the Chumash. Journal of California and Great 
Basin Anthropology. 4(2): 163–186. http://www.escholar-
ship.org/uc/item/1rv936jq. 

Ting; Arambula; Bennett; Bloom; Carrillo; Cooper; Fried-
man; Cristina Garcia; Jones-Sawyer; Lee; McCa-
rty; Medina; Mullin; Nazarian; O’Donnell; Ramos; 
Reyes; Luz Rivas; Blanca Rubio; Stone; Wicks; Wood. 
2022. AB-211. California State Legislature. Chapter 574. 
https://leginfo.legislature.ca.gov/faces/billStatusClient.
xhtml?bill_id=202120220AB211. 

Tortorelli, C.M.; Latimer, A.M.; Young, D.J.N. 2024. Mod-
erating effects of past wildfire on reburn severity depend 
on climate and initial severity in Western U.S. forests. Eco-
logical Applications. 34(7): e3023. https://doi.org/10.1002/
eap.3023. 

Turco, M.; Abatzoglou, J.T.; Herrera, S.; Zhuang, Y.; Jerez, 
S.; Lucas, D.D.; AghaKouchak, A.; Cvijanovic, I. 2023. 
Anthropogenic climate change impacts exacerbate summer 
forest fires in California. Proceedings of the National Acad-
emy of Sciences of the United States of America. 120(25): 
e2213815120. https://doi.org/10.1073/pnas.2213815120. 

USGS; USFS; Nelson, K. 2021. Monitoring trends in burn 
severity. U.S. Geological Survey, U.S. Department of 
Agriculture, Forest Service. Verison 11 revised Jan-
uary 31, 2025. https://www.sciencebase.gov/catalog/
item/5e541969e4b0ff554f753113. 

Van de Water, K.M.; Safford, H.D. 2011. A summary of fire 
frequency estimates for California vegetation before Eu-
ro-American settlement. Fire Ecology. 7(3): 26–58. https://
doi.org/10.4996/fireecology.0703026. 

van Etten, E.J.B.; Brooks, M.L.; Greenville, A.C.; Wardle, 
G.M. 2022. Editorial: Fire regimes in desert ecosys-
tems: Drivers, impacts and changes. Frontiers in Ecol-
ogy and Evolution. 10: 968031. https://doi.org/10.3389/
fevo.2022.968031. 

WADNR. 2025. Wildfire season 2024 work of wildfire assess-
ment. Olympia, WA: Washington State Department of 
Natural Resources. 46 p. https://dnr.wa.gov/sites/default/
files/2025-06/rp_workofwildfire_0625.pdf. 

Wang, D.P.; Guan, D.B.; Zhu, S.P.; Kinnon, M.M.; Geng, 
G.N.; Zhang, Q.; Zheng, H.R.; Lei, T.Y.; Shao, S.; 
Gong, P.; Davis, S.J. 2021. Economic footprint of 
California wildfires in 2018. Nature Sustainability. 4(3): 
252–260. https://doi.org/10.1038/s41893-020-00646-7. 

Wang, Y.; Lewis, D.J. 2024. Wildfires and climate change 
have lowered the economic value of western U.S. forests 
by altering risk expectations. Journal of Environmental 
Economics and Management. 123: 102894. https://doi.
org/10.1016/j.jeem.2023.102894. 

Wara, M.; Mastrandrea, M.D.; Macomber, E. 2024. Climate 
change and utility wildfire risk: A proposal for a federal 
backstop. Washington, DC: Stanford Doerr School of Sus-
tainability, Brookings Institute. https://www.hamiltonproj-
ect.org/wp-content/uploads/2025/05/20240522_THP_Cli-
mate_Wildfire_Proposal.pdf. 

Wayman, R.B.; Safford, H.D. 2021. Recent bark beetle out-
breaks influence wildfire severity in mixed-conifer forests 
of the Sierra Nevada, California, U.S.A. Ecol Appl. 31(3): 
e02287. https://doi.org/10.1002/eap.2287. 

Welch, K.R.; Safford, H.D.; Young, T.P. 2016. Predicting 
conifer establishment post wildfire in mixed conifer forests 
of the North American Mediterranean-climate zone. Eco-
sphere. 7(12): e01609. https://doi.org/10.1002/ecs2.1609. 

Wen, J.; Burke, M. 2022. Lower test scores from wildfire 
smoke exposure. Nature Sustainability. 5(11): 947–955. 
https://doi.org/10.1038/s41893-022-00956-y. 

WFR Task Force. 2021. California’s wildfire and forest resil-
ience action plan: Recommendations of the Governor’s 
forest management task force. Sacramento, CA: California 
Wildfire and Forest Resilience Task Force. 84 p. https://
fmtf.fire.ca.gov/media/cjwfpckz/californiawildfireandfore-
stresilienceactionplan.pdf. 

WFR Task Force. 2022. California's strategic plan for expand-
ing the use of beneficial fire. Sacramento, CA: California 
Wildfire and Forest Resilience Task Force. 54 p. https://
wildfiretaskforce.org/wp-content/uploads/2022/12/RXFire-
StrategicPlan2021_2-1.pdf. 

WFR Task Force. 2024. Filling critical gaps in California's 
reforestation pipeline. Sacramento, CA: California Wildfire 
and Forest Resilence Task Force. 37 p. https://wildfiretask-
force.org/wp-content/uploads/2024/02/WFTF_Reforesta-
tion.pdf. 

https://doi.org/10.1111/gcb.70075
https://doi.org/10.1002/ecs2.2796
https://doi.org/10.1002/ecs2.2796
https://doi.org/10.1016/j.jaridenv.2017.03.017
https://doi.org/10.1016/j.foreco.2011.02.030
https://doi.org/10.1073/pnas.1609775113
https://doi.org/10.1073/pnas.1609775113
https://doi.org/10.6028/NIST.SP.1215
https://doi.org/10.6028/NIST.SP.1215
http://www.escholarship.org/uc/item/1rv936jq
http://www.escholarship.org/uc/item/1rv936jq
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB211
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB211
https://doi.org/10.1002/eap.3023
https://doi.org/10.1002/eap.3023
https://doi.org/10.1073/pnas.2213815120
https://www.sciencebase.gov/catalog/item/5e541969e4b0ff554f753113
https://www.sciencebase.gov/catalog/item/5e541969e4b0ff554f753113
https://doi.org/10.4996/fireecology.0703026
https://doi.org/10.4996/fireecology.0703026
https://doi.org/10.3389/fevo.2022.968031
https://doi.org/10.3389/fevo.2022.968031
https://dnr.wa.gov/sites/default/files/2025-06/rp_workofwildfire_0625.pdf
https://dnr.wa.gov/sites/default/files/2025-06/rp_workofwildfire_0625.pdf
https://doi.org/10.1038/s41893-020-00646-7
https://doi.org/10.1016/j.jeem.2023.102894
https://doi.org/10.1016/j.jeem.2023.102894
https://www.hamiltonproject.org/wp-content/uploads/2025/05/20240522_THP_Climate_Wildfire_Proposal.pdf
https://www.hamiltonproject.org/wp-content/uploads/2025/05/20240522_THP_Climate_Wildfire_Proposal.pdf
https://www.hamiltonproject.org/wp-content/uploads/2025/05/20240522_THP_Climate_Wildfire_Proposal.pdf
https://doi.org/10.1002/eap.2287
https://doi.org/10.1002/ecs2.1609
https://doi.org/10.1038/s41893-022-00956-y
https://fmtf.fire.ca.gov/media/cjwfpckz/californiawildfireandforestresilienceactionplan.pdf
https://fmtf.fire.ca.gov/media/cjwfpckz/californiawildfireandforestresilienceactionplan.pdf
https://fmtf.fire.ca.gov/media/cjwfpckz/californiawildfireandforestresilienceactionplan.pdf
https://wildfiretaskforce.org/wp-content/uploads/2022/12/RXFireStrategicPlan2021_2-1.pdf
https://wildfiretaskforce.org/wp-content/uploads/2022/12/RXFireStrategicPlan2021_2-1.pdf
https://wildfiretaskforce.org/wp-content/uploads/2022/12/RXFireStrategicPlan2021_2-1.pdf
https://wildfiretaskforce.org/wp-content/uploads/2024/02/WFTF_Reforestation.pdf
https://wildfiretaskforce.org/wp-content/uploads/2024/02/WFTF_Reforestation.pdf
https://wildfiretaskforce.org/wp-content/uploads/2024/02/WFTF_Reforestation.pdf


51

Chapter 4: Wildfire

WFR Task Force. 2025a. 2025 Task force key deliverables. 
Sacramento, CA: California Wildfire and Forest Resilience 
Task Force. 10 p. https://wildfiretaskforce.org/wp-content/
uploads/2025/03/2025-Task-Force-Key-Deliverables-.pdf. 

WFR Task Force. 2025b. California wildfire and landscape 
resilience interagency treatment tracking system. [Geoda-
tabase]. Version 2.0. https://portal.sparcal.sdsc.edu/arcgis/
home/item.html?id=510f66aeca6f4244b2cee79ed970aaa3. 
(December 7, 2025).

WFR Task Force. 2025c. Interagency treatment dashboard. 
Data refreshed 10/30/2025, Verison 2.0. California Wild-
fire and Forest Resilence Task Force. https://interagency-
trackingsystem.org/. 

Wiechmann, M.L.; Hurteau, M.D.; North, M.P.; Koch, 
G.W.; Jerabkova, L. 2015. The carbon balance of re-
ducing wildfire risk and restoring process: An analysis of 
10-year post-treatment carbon dynamics in a mixed-coni-
fer forest. Climatic Change. 132(4): 709–719. https://doi.
org/10.1007/s10584-015-1450-y. 

Williams, J.N.; Safford, H.D.; Enstice, N.; Steel, Z.L.; Paul-
son, A.K. 2023. High-severity burned area and proportion 
exceed historic conditions in Sierra Nevada, California, 
and adjacent ranges. Ecosphere. 14(1): e4397. https://doi.
org/10.1002/ecs2.4397. 

Wood. 2021. AB-9: An act to amend Sections 8654.4, 51177, 
51178, 51178.5, 51179, 51181, 51182, and 65302 of the 
Government Code, to amend Section 13108.5 of the Health 
and Safety Code, to amend Sections 702, 4202, 4203, 
4204, and 4291 of, to add Section 4124.8 to, to add Articles 
11 (commencing with Section 4208) and 12 (commencing 
with Section 4209) to Chapter 1 of Part 2 of Division 4 of, 
and to repeal Section 4209.3 of, the Public Resources Code, 
and to amend Section 8386.3 of the Public Utilities Code, 
relating to fire safety. California State Legislature. Chapter 
225. https://leginfo.legislature.ca.gov/faces/billStatusClient.
xhtml?bill_id=202120220AB9. 

Wu, X.; Sverdrup, E.; Mastrandrea, M.; Wara, M.; Wager, 
S. 2023. Low-intensity fires mitigate the risk of high-in-
tensity wildfires in California's forests. Science Advances. 
9(45): eadi4123. https://doi.org/10.1126/sciadv.adi4123.

Yackulic, E.; Elias, M.; Shannon, J.; Gilbert, S.; Koontz, 
M.; Plumb, S.; Sloggy, M.; Duffy, K. 2025. Rising 
from the ashes: Treatments stabilize carbon storage in 
California's frequent-fire forests. Frontiers in Forests 
and Global Change. 8: 1498430. https://doi.org/10.3389/
ffgc.2025.1498430. 

York, R.A.; Noble, H.; Quinn-Davidson, L.N.; Battles, J.J. 
2021. Pyrosilviculture: Combining prescribed fire with 
gap-based silviculture in mixed-conifer forests of the Sierra 
Nevada. Canadian Journal of Forest Research. 51(6): 
781–791. https://doi.org/10.1139/cjfr-2020-0337. 

Zhu, Y.; Foster, D.E.; Collins, B.M.; Stephens, S.L.; York, 
R.A.; Roughton, A.T.; Moghaddas, E.E.Y.; Sanders, 
J.E.; Battles, J.J. 2025. Carbon costs of different path-
ways for reducing fire hazard in the Sierra Nevada. Ecolog-
ical Applications. 35(7): e70111. https://doi.org/10.1002/
eap.70111.

https://wildfiretaskforce.org/wp-content/uploads/2025/03/2025-Task-Force-Key-Deliverables-.pdf
https://wildfiretaskforce.org/wp-content/uploads/2025/03/2025-Task-Force-Key-Deliverables-.pdf
https://portal.sparcal.sdsc.edu/arcgis/home/item.html?id=510f66aeca6f4244b2cee79ed970aaa3
https://portal.sparcal.sdsc.edu/arcgis/home/item.html?id=510f66aeca6f4244b2cee79ed970aaa3
https://interagencytrackingsystem.org/
https://interagencytrackingsystem.org/
https://doi.org/10.1007/s10584-015-1450-y
https://doi.org/10.1007/s10584-015-1450-y
https://doi.org/10.1002/ecs2.4397
https://doi.org/10.1002/ecs2.4397
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB9
https://leginfo.legislature.ca.gov/faces/billStatusClient.xhtml?bill_id=202120220AB9
https://doi.org/10.1126/sciadv.adi4123
ttps://doi.org/10.3389/ffgc.2025.1498430
ttps://doi.org/10.3389/ffgc.2025.1498430
https://doi.org/10.1139/cjfr-2020-0337
https://doi.org/10.1002/eap.70111
https://doi.org/10.1002/eap.70111

	Chapter 4: Wildfire
	INTRODUCTION 
	SUMMARY
	Indicator 4.1: Fire Return Interval Departure
	Indicator 4.2: Wildfire Hazard Potential							
	Indicator 4.3: Wildfire Activity—Trends in Burned Area
	Indicator 4.4: Proportion of High Severity Wildfire in Forests
	Indicator 4.5: Vegetation Treatments					
	DISCUSSION
	Fire Regimes  
	Fire Trends
	High Severity Fire Impacts on Old-Growth Giant Sequoia
	Ecosystem Trajectories from Altered Fire Regimes
	Fire Hazard and Risk Assessment
	Benefits of Cultural Burning

	OPPORTUNITIES
	Ecosystem Management for Health and Resilience
	Strategic Fire and Fuels Management
	Land Use and Community Planning
	Research and Monitoring

	REFERENCES


