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INTRODUCTION 
From wilderness reserves to productive working for-
ests, California’s forests provide a multitude of eco-
system services to the state’s 39 million residents and 
beyond, including scenic and culturally significant land-
scapes, timber products, medicinal plants, clean air and 
water, wildlife habitat, soil resources, carbon sequestra-
tion and storage, and recreational opportunities. These 
forests support rural economies and the well-being of 
the people living in and visiting them, as well as popu-
lations well beyond the forested boundaries. However, 
California’s forests are facing major threats. Rising 
temperatures coupled with droughts are already caus-
ing increased wildfire activity and insect and disease 
outbreaks. Tree mortality is rampant, post-disturbance 
natural regeneration failure and vegetation type con-
version threaten millions of acres, and current tree spe-
cies ranges are at risk (Coppoletta et al. 2022, Davis et 
al. 2023, Estes and Bovee 2023, Steel et al. 2023, USFS 
2022b, WFR Task Force 2024d). Recent studies project 
that California’s forests will be a carbon emission source 
under future climate, losing 7–24% of the carbon sink 
between 2014 and 2045 (CARB 2022b, DeLyser et al. 
2025). The combination of increased high severity fire 
and post-fire regeneration failure could result in the 
loss of 48% of forest area by 2070 (DeLyser et al. 2025). 

Further, invasive plants, many of which are not native 
to California, also are having a major impact on both 
working forests and other forestlands. 

Applying concepts from North et al. (2022) in this chap-
ter, forest resilience refers to its adaptability to a range 
of stresses and reflects the functional integrity of the 
ecosystem, such as retaining fundamental forest eco-
logical structure, composition, and processes. While 
California’s Forest Practice Rules (FPRs) and federal 
policies are in place to ensure sustainable harvesting, 
managing towards more resilient forests in a changing 
climate is complex. The overarching goal is to maintain 
forested landscapes despite more frequent and intense 
disturbance regimes. While silviculture is applied at the 
stand level, efforts to overcome a century of fire sup-
pression policy and legacies of past problematic timber 
operations require strategic landscape-scale manage-
ment on millions of acres, including areas that have 
seen very little management in the last century besides 
fire suppression. These actions include managing for 
diverse forest stand structure and composition, reducing 
stand densities substantially in some forest types, con-
ducting post-disturbance salvage harvest to enable safe 
and successful reforestation, reintroducing beneficial 
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fire, and exploring the use of assisted gene flow or spe-
cies migration. A robust research, monitoring, and adap-
tive management process, enabling Indigenous steward-
ship, integrating traditional ecological knowledge (TEK), 

1	 Timberland represents the land base that could potentially be managed for forest products and is defined by the USFS as land capable of 
producing over 20 cubic feet/acre/year of wood with commercial value and not withdrawn from timber utilization by statute or administrative 
regulation (USFS 2023b).

restoring ecological processes, and encouraging collabo-
ration across all lands and various types of sustainability 
initiatives are all key to forest resilience and minimizing 
projected carbon losses. 

SUMMARY
Building on the 2017 Assessment, this chapter uses six 
indicators to track California conditions and manage-
ment trends with emphasis on conifer-dominated for-
estlands. California’s forestland (including woodlands) 
comprises 32 million acres, almost a third of the state. 
Approximately 51% of California’s forest (16.3 mil-
lion acres) is characterized as timberland.1 Over half of 
California timberland is in public ownership, primar-
ily administered by the U.S. Department of Agriculture 
(USDA) Forest Service (USFS). About a quarter of tim-
berland is owned by forest industry, including much of 
the higher site quality lands. The remaining timberland 
(20%) is owned by a diverse group of smaller private 
nonindustrial owners and nongovernmental organiza-
tions (NGOs). 

In California, a robust set of federal, state, and local laws, 
rules, regulations, and ordinances govern the sustain-
able harvest of timber from working forests. The Board 
of Forestry and Fire Protection (BOF) is responsible 
for developing general forest policy (e.g., FPRs), deter-
mining guidance policy for the California Department 
of Forestry and Fire Protection (CAL  FIRE), and rep-
resenting the state’s interest in federal forestland in 
California. In turn, the BOF’s FPRs and other forest 
policies interact with regulations implemented by other 
state agencies such as the California Department of Fish 
and Wildlife (CDFW) and the Regional Water Quality 
Control Boards (RWQCBs). 

A variety of silvicultural methods are employed on 
California forestlands. Since the late 1990s, the 
California FPRs have required all non-federal forest 
landowners to manage on a sustained yield basis under 

a state regulatory framework for “maximum sus-
tained production (MSP) of high-quality timber prod-
ucts” (California Code of Regulations [CCR] Title 14, 
§§ 913.11, 933.11, 953.11). Landowners must submit 
harvest documents to CAL FIRE prior to conducting 
commercial harvests, many of which undergo a multi-
agency review. Additional permits to protect aquatic 
habitats and water quality may be required. The scope 
of timber harvesting regulations on non-federal lands 
includes assessing impacts on threatened and endan-
gered species, wildlife habitat, water quality, carbon 
storage and emissions, archeological sites, and other 
resources. Together, the FPRs, water quality regulatory 
systems, fish and wildlife regulatory systems, and inter-
agency review and enforcement provide for broad nat-
ural resource sustainability. In the past decade, regu-
lations have been amended to establish more stringent 
standards, such as those related to forest roads and 
yarding methods.

Statewide, public and private forests face high risks, 
as demonstrated by ongoing tree mortality and recent 
large stand-replacing wildfires. Legacy timber harvest 
practices, land use development patterns, fire suppres-
sion policies, and in some cases minimal management 
have limited wildfire’s natural role across California’s 
landscapes and contributed to an unnatural build-up of 
fuels throughout California forests. Coupled with novel 
climate conditions, including rising temperatures and 
recent severe droughts, California’s forests are under 
stress, making them more susceptible to insects and 
disease as well as worsening wildfire outcomes. The 
scope and extent of restorative treatments needed at 
the landscape scale, including reducing stand densities 
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in certain forests and conducting post-fire restoration/
regeneration, is significant and challenging (i1.2), 
with the greatest area of forest in general and of forest 
in need of treatment on public lands. 

There has been a steady decline in the number of har-
vested acres and volume since the 1990s (i1.3, i1.4), 
with greater declines in volume removed from public 
lands due to many factors, including increased pro-
tections for state and federal listed species, reductions 
in USFS funding and staffing, and changing public 
demands for National Forest ecosystem services. These 
declines in harvest from the state’s timberlands have 
been accompanied by a corresponding decline in the 
number of wood processing facilities. While timber har-
vest and lumber production are generally at historically 
low levels, average output per mill is at a record high. 
In 2021, average mill production was approximately 2.5 
times larger than the average mill in the 1950s, when 
California lumber production peaked, and many more 
mills were operating than today. Despite increased effi-
ciencies with fewer mills, there is limited wood process-
ing infrastructure, such as sawmills and biomass plants 
(i1.4, i12.2), particularly for the large quantities of 
small-diameter and/or low-value material typical of 
restoration projects (LHC 2018, Porter and Longcor 
2020). 

Limited infrastructure combined with wood products 
being a broadly available commodity constrain the 
volume of material that can be economically removed 
through restoration treatments. However, these treat-
ments present an opportunity for California to contrib-
ute more substantially to meeting its own wood product 
demand. While increased utilization of in-state mate-
rial could support forest health and reduce reliance 
on imports, California’s forests will likely never satisfy 
the state’s overall wood product needs. As a result, the 
majority of wood products consumed in California will 
continue to be from other states and countries, many of 
which operate under less restrictive forest practice rules 
(Evans and Potts 2024). 

Recent federal executive orders (U.S. President Trump 
2025a, 2025b), followed by further directives from the 

Secretary of Agriculture and USFS leadership (USDA 
2025, USFS 2025a), emphasize the need to increase 
domestic timber production on National Forest System 
(NFS) and Bureau of Land Management (BLM) forests 
immediately and as a matter of national security, while 
also seeking to relax environmental regulations such 
as the National Environmental Policy Act (NEPA) and 
the Endangered Species Act. Notably, a recent study in 
California indicates that by focusing on ecological resto-
ration, by completing initial thinning treatments within 
10 years, timber volumes can double, with 80% of the 
volume coming from federal lands. For this to occur, 
both sawmill and bioenergy capacity would need to 
double to accommodate the increased removals. New 
infrastructure will require a longer-term green timber 
supply than evaluated in this study. Where appropri-
ate, consideration of follow-up thinning treatments on 
a regular cutting cycle intermixed with prescribed fire 
could help to address timber supply and costs. It would 
cost up to $2 billion annually in addition to business-
as-usual activities, with wood product revenues offset-
ting 39–50% of costs under moderate pricing assump-
tions (DeLyser et al. 2025). A similar study indicated an 
annual cost of $1.8 billion for treatments across forests, 
shrublands, and grasslands (CARB 2022b). 

Constraints extend beyond supply and infrastructure. 
These additional constraints include a decline in the 
skilled workforce, high and increasing regulatory and 
implementation costs, and limited funding (Heard and 
Franklin 2023, LHC 2018, Porter and Longcor 2020, 
Riddle 2023). Public sector barriers also inhibit work-
force recruitment and retention (e.g., low federal wages, 
hiring freezes), which are further exacerbated by uncer-
tainty in funding (e.g., operating under continuing 
budget resolutions) (Heard and Franklin 2023, Riddle 
2023). These uncertainties are very significant under 
the current federal administration through budget 
cuts, freezes, reduction-in-workforce efforts, and major 
structural reorganization of federal land management 
agencies. Additionally, important regulatory oversight 
and public participation processes such as environmen-
tal review at times have the unintended consequence of 
delaying critical forest health projects. Some projects 
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on public lands face potential for community opposi-
tion and litigation (LHC 2018, Riddle 2023). 

Similarly, there are many limitations to the refor-
estation process, also coined the “reforestation pipe-
line,” preventing a larger planting effort as the need 
for post-fire reforestation increases (WFR Task Force 
2024d). These barriers include project planning pro-
cesses that can be costly and cause delays, inadequate 
seed collection and processing, especially from low ele-
vation zones, insufficient seedling nursery capacity, 
inadequate site preparation, and not enough funding 
and labor. Each component in the reforestation pipe-
line faces its own set of challenges—for example, seed 
collection requires having a skilled workforce and the 
ability to mobilize resources quickly when a big cone 
production year occurs. Big cone production years are 
impacted by disturbance and climate change, which 
also reduces genetic diversity in the seed stock itself. 
These barriers are further documented in Dobrowski et 
al. (2024). 

Over the years, the state has made numerous efforts to 
address barriers that impede active management. The 
state legislature and subsequent rulemaking by the BOF 
have expanded permissions to enable commercial har-
vesting activities primarily for fuels reduction that are 
exempted from Timber Harvesting Plan (THP) prepa-
ration (e.g., Exemption Notices). These changes have 
prompted more tracking of activities (e.g., CAL FIRE’s 
Forest Practice GIS and California Timber Regulation 
and Environmental Evaluation System (CalTREES) 
timber harvest document hubs, Interagency Treatment 
Tracking System, etc.). Data gaps remain, however, 
with regard to comprehensive geospatial data for com-
pleted work on private lands. These changes have 
also prompted monitoring and evaluation of both 
Emergency and Exemption Notice outcomes (see 
Chapter 13, Institutional Response, for more infor-
mation). Programmatic management plans and other 
harvest plan types have been provided by the state to 
reduce the regulatory burden on non-federal landown-
ers interested in conducting restoration treatments 
and using uneven-aged silviculture or other lower dis-
turbance practices to reduce environmental impacts. 

Most recently in 2025, Governor Newsom declared a 
state of emergency due to catastrophic wildfire risks 
and directed the state to expedite critical fuels reduc-
tion projects by suspending various state statutes, rules, 
and regulations that might slow the implementation of 
such projects (Newsom 2025). Protection of air qual-
ity, water quality, tribal cultural resources, and wildlife 
species and their habitat is to be implemented through 
various protection measures outlined in the Statewide 
Fuels Reduction and Environmental Protection Plan 
(CNRA and CAL EPA 2025). 

To help reverse declining conditions in California’s 
forests and address barriers to doing so, new strate-
gies and significant investment of public funds have 
been deployed to more actively manage forests across 
all landownerships. The California Wildfire and Forest 
Resilience Task Force’s (WFR Task Force) 2021 Action 
Plan, and several other state efforts aim to address 
the challenges that impede forest restoration (WFR 
Task Force 2021, 2024b, 2024d, 2025a). Collaborative 
state-federal efforts initially set an annual treatment 
goal of 1 million acres by 2025 to help achieve resilient 
forest conditions, including 500,000 acres of non-fed-
eral lands and 500,000 acres of NFS lands. This rep-
resents a near doubling of management from 2020 
activities. More ambitious state goals for forests, shrub-
lands, and grasslands of 2.5 million acres per year of 
wildfire resilience and restoration work by 2045 have 
been established by the Newsom administration follow-
ing enactment of Assembly Bill (AB) 1757 (Garcia and 
Rivas 2022). This legislation required the California 
Natural Resources Agency (CNRA) to develop an ambi-
tious range of targets for natural carbon sequestra-
tion and for nature-based climate solutions that reduce 
greenhouse gas (GHG) emissions (CNRA 2024). Thus 
far, the number of acres treated annually has been 
trending upward. However, it is widely acknowledged 
that reaching both the annual million-acres goal and 
the more ambitious nature-based solutions (NBS) goals 
will require a long-term ramp up of planning and capac-
ity building, including workforce development. 

In addition to the WFR Task Force Action Plan and 
the NBS climate targets, other important recent state 
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plans that address forests include the California Forest 
Carbon Plan (FCAT 2018), the California Climate 
Adaptation Strategy (CNRA 2021), Pathways to 30x30 
California (CNRA 2022a), the Natural and Working 
Lands Climate Smart Strategy (CNRA 2022b), and the 
Scoping Plan for Achieving Carbon Neutrality (CARB 
2022b). The work of individual landowners and land-
scape-level collaboratives is critical to achieving the 
goals of the above plans, including improving forest 
health, reducing fire threat, and contributing to local 
economic development. Successful collaboratives build 
trust, have a science-based approach, provide a mech-
anism outside of litigation to address conflicting stake-
holder concerns, and facilitate work across multiple 
ownerships (LHC 2018). 

Financial support for individual landowner and col-
laborative forest resilience work has increased signifi-
cantly at the federal and state levels since the 2017 
Assessment. This support has been prompted in part 
due to the series of deadly and catastrophic wild-
fires that have affected the Western United States in 
recent years. Federal and state programs are important 
sources of grant funding to nongovernmental and com-
munity organizations, as well as technical and financial 
assistance to landowners, both large and small, for their 
forest management planning and projects. Multiple 
state programs for projects, organizational capac-
ity, wood products and workforce development, forest 
health research, and other activities have been estab-
lished and significantly funded in the past half dozen 
years across a number of state entities (see Chapter 13, 
Institutional Response). Examples at the federal level 
include the funds from the federal Inflation Reduction 
Act and the Bipartisan Infrastructure Law, although the 

2	 The USFS FIA program partitions private land into corporate and non-corporate categories. Corporate ownership is defined in the field 
manual (USFS 2023d) and is typically based on whether an owner name includes Inc. or Corp., while non-corporate ownership includes 
non-governmental conservation organizations, unincorporated partnerships, associations and clubs, Native American lands within 
reservation boundaries, and individual and family ownership, including trusts, estates, and family partnerships. This classification is slightly 
different than CAL FIRE’S private industry GIS layer, which generally consists of landowners that own greater than 2,500 acres and are 
members of the California Forestry Association. In 2021, definitional differences led to an approximate 1 million acre difference in FIA 
corporate versus CAL FIRE industrial forestland. FIA corporate generally corresponds to industrial lands, though there are approximately 1.8 
million acres of corporate forestland that are not industrial; similarly, there are approximately 360,000 non-corporate acres that are industrial. 
FIA-based indicators in this chapter refer to private corporate and non-corporate categories. Other indicators in this chapter that refer to 
industrial lands are based on the CAL FIRE private industry GIS layer or other data from CAL FIRE’s Forest Practice reporting. These will 
be indicated by use of corporate/non-corporate or industrial/nonindustrial terminology. As most timber harvest in California originates on 
private industrial lands, in general the chapter will refer to industrial and nonindustrial private lands.

future of these funds is uncertain with the current fed-
eral administration. The WFR Task Force estimates that 
nearly $6 billion of state and federal funds have been 
invested in forest health and wildfire resilience projects 
and programs since 2021 (WFR Task Force 2025a). 
Looking forward, major funding approved in November 
2024 by California voters under Proposition 4 and cod-
ified in Senate Bill (SB) 867 allocates $1.5 billion of 
bond funds for wildfire and forest resilience programs 
and $1.2 billion for biodiversity protection and nature-
based climate solution programs (Allen et al. 2024).

Trends by Owner
Overly dense stand conditions from a century of fire 
suppression and exclusion (i1.2), legacies of past 
problematic timber operations, decades of limited or 
no active management on public lands, and deviation 
from historic fire regimes (4.1) are major issues fur-
ther exacerbated by climate change. Indicators and key 
findings illustrate trends that vary by forest ownership 
and other metrics. Trends presented are not intended 
to be a causal comparison of management methods, 
but rather to highlight potential concerns for different 
landowners.  Softwoods (i.e., conifers) comprise just 
over 98% of commercial timber harvest and come pri-
marily from timberland (Scott et al. 2024). USFS Forest 
Inventory and Analysis (FIA) data indicate across all 
ownerships, average softwood growth was 1.3 billion 
cubic feet (ft3)/year. Net growth was 0.3 billion ft3/year, 
or 18 ft3/acre/year. Net growth was 54% less than what 
was reported in the 2017 Assessment. Increased wild-
fire, insect, and disease-related losses drove reductions 
in net growth on private corporate,2 NFS timberlands, 
and productive NFS land reserved from management 
for timber production. Considering fires greater than 
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10,000 acres in size in select ecoregions between 2018 
to 2021, high severity fire occurred on 41% of the pri-
vate forest industry area burned, with slightly lower 
percentages on NFS lands (37%) and private nonin-
dustrial forestlands (33%) (MBG 2023). Between 2012 
and 2022, 42% of public lands experienced elevated 
forest pest and drought-related mortality (>5 trees per 
acre), with 15% of that mortality in the severe cate-
gory (>15 trees per acre) (USFS 2022b; see Chapter 5, 
Forest Pests). Elevated mortality was detected on 19% 
of private lands, with 6% of the mortality in the severe 
class. It is possible that some private landowners con-
duct operations to improve forest health and resilience, 
thereby reducing mortality, and/or remove dead and 
dying trees more rapidly, thereby reducing detection of 
mortality during aerial surveys.

Widespread tree mortality from the 2012–2016 and 
2020–2022 droughts, insects and disease, and wild-
fire have contributed to a continued high number 
of non-federal acres filed for harvesting under FPR 
Emergency Conditions (CCR Title 14, §1052.1[b]) (CAL 
FIRE 2024c). Since 2012, Emergency Notice harvests 
(e.g., salvage logging on burned areas, similar to clear-
cut silviculture where high severity fire occurred) com-
prised a substantial portion of the total harvested area. 
In 2022, following unprecedented wildfires in 2020 and 
2021, these Emergency Notices made up 68% of the 
total harvested area statewide, 86% of total acres filed 
for harvest in the Sierra/Cascades, 75% in the Central 
Coast and Interior Ranges, 69% in the Klamath/Interior 
Coast Ranges, and 2% in the North Coast ecoregions. 
Altogether, the response to multiple disturbances is 
largely driving forest management across land owner-
ships in California.

Forest Industry
On private corporate lands, FIA data indicate that soft-
wood growth exceeded harvest and mortality (i1.1), 
though there is still a need to consider lowering stand 
densities in some areas for climate change resilience 
(i1.2). Considering fires between 2019 and 2021, 
approximately 184,000 acres were in need of refor-
estation on private industrial lands (WFR Task Force 
2024d). Between 2021 and 2023, an average of 41,965 

acres per year of tree planting occurred on private 
industrial forestlands (WFR Task Force 2024c).

Opportunities exist to improve forest health and/or 
enhance the levels of certain ecosystem services pro-
vided by working forests. Working forest acquisitions 
by conservation organizations, voluntary participa-
tion in carbon offset programs (i1.6), and use of con-
servation easements (i1.5 and 6.2) help to diversify 
landowner income, promote improved forest manage-
ment practices, and maintain forests as forests. Carbon 
offset projects and voluntary third-party forest certifi-
cation remain important business tools. Since the 2017 
Assessment, there has been a 50% acreage increase in 
industrial land in voluntary carbon offset projects and a 
16% increase under voluntary third-party forest certifi-
cation (i1.5). There are approximately 221,000 acres 
of industrial timberland under permanent conserva-
tion easements, a portion of which include working 
forest conservation easements (i1.5). Lastly, volun-
tary use of Habitat Conservation Plans (HCPs) and Safe 
Harbor Agreements (SHAs) provide additional pro-
tections to fish and wildlife. As of October 2024, there 
are approximately 2.4 million acres covered under 
HCPs and 675,600 acres in state SHAs (HCP and SHA 
acres may overlap), mainly on industrial forestland (A. 
Stanish, personal communication, November 7, 2024). 
As a result, uneven-aged management has remained a 
prominent component of timberland management over 
the past 25 years (i1.3).

Nonindustrial Forest
Private nonindustrial forestland owners manage 
for a range of objectives (Sass et al. 2023). Net soft-
wood growth is highest on these lands (i1.1), given 
they have higher gross growth rates compared to pri-
vate corporate and NFS lands and lower harvest 
rates compared to private corporate lands. Currently, 
Nonindustrial Timber Management Plans (NTMPs), 
which are intended to facilitate active management, are 
in place on 11% of nonindustrial timberland (i1.5). 
With a substantial portion of the landscape potentially 
in need of treatments to reduce stand density (i1.2), 
it is important to support strategies and collaborative 
projects to assist these landowners with managing their 
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lands. Additionally, considering fires between 2019 
and 2021, there were approximately 158,000 acres of 
nonindustrial forestland in need of reforestation (WFR 
Task Force 2024d). Tree planting occurred on an aver-
age of 2,534 acres per year on nonindustrial forestland 
between 2021 and 2023 (WFR Task Force 2024c).

Public Forests
Public forestlands (primarily NFS lands), have been 
increasingly impacted by large, stand replacing fires 
and insect outbreaks resulting in substantial areas of 
standing dead trees. Public lands comprise the great-
est area (4.3 million acres) and proportion of the area 
(57%) in need of stand density reduction treatments 
(i1.2). Another study focusing on wildfire hazard 
potential puts 70% of the 7.3 million operational acres 
in need of stand density reduction treatments on public 
lands (DeLyser et al. 2025). Since the 2017 Assessment, 
across all NFS forestland, tree mortality increased and 
tree growth decreased, such that losses from mortality 
and limited tree harvest exceeded gains from live tree 
growth (7.5). Following increases in high severity 
burned area between 2019–2021, there were 1.1 mil-
lion acres of public forestland without adequate natu-
ral tree seed source at risk of vegetation type conversion 
(e.g., forest to shrubland) and in need of post-distur-
bance reforestation. There are an additional 200,000 
acres of reforestation backlog from disturbances 
between 2010–2018. Estimates as of spring 2024 put 
the operationally feasible reforestation need on public 
lands at 1.5 million acres (WFR Task Force 2024d). 
Between 2021 and 2023, tree planting occurred on an 
average of 14,949 acres per year of federal forestland 
(WFR Task Force 2024c). One modeling study projects 
that NFS lands will lose 69% of their forest area (10.3 

million acres) and accumulate approximately 9 mil-
lion acres of post-fire regeneration failure in the next 50 
years, contributing 70% of the overall forest area losses 
during this time (DeLyser et al. 2025).

When looking more narrowly at softwood growth on all 
NFS timberland, growth exceeded removals and mor-
tality such that net growth was 10 ft3/acre/year (i1.1). 
In contrast, on all productive NFS lands reserved from 
management for timber production, where fire sup-
pression is the main form of active management, soft-
wood mortality exceeded growth such that there was a 
net loss of 27 ft3/acre/year. NFS timberlands experi-
enced the greatest per acre and total reductions in net 
softwood growth since 2017, compared to other owner-
ships. These trends may be undermeasured due to the 
lag in the FIA remeasurement cycle. To mitigate this 
lag, CAL FIRE has funded a shortening of the remea-
surement cycle from 10 to five years beginning in the 
2021 data collection year. For example, an unprece-
dented extent of high severity fire occurred in California 
forests in 2020 and 2021, but only 10% of plots in the 
data used in this report have been sampled since 2020. 
Heightened efforts are underway to coordinate land 
management across jurisdictional boundaries to reduce 
mortality impacts and restore fire-adapted landscapes 
on NFS lands (USFS 2022a). 

The key indicators used in this chapter to briefly describe 
the status and trends in forest conditions in California 
are found on the following pages. A comprehensive dis-
cussion is also included providing detailed information 
on major forest threats, restoration needs, forest man-
agement, and collaborative efforts, as well as opportu-
nities available for addressing forest-related concerns. 
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Indicator 1.1: Net Growth on Timberland (Softwoods)
Which Montreal Process Criteria does the indicator evaluate?
MPC2: Maintenance of productive capacity of forest ecosystems
MPC3: Maintenance of forest ecosystem health and vitality 

Why is this indicator important?
Net growth indicates whether harvest levels are sustainable (i.e., positive net growth) or if disturbance-related mor-
tality exceeds growth (i.e., negative net growth). In California, private and public timberland managers operate under 
various federal and state statutory and regulatory mandates requiring long-term sustained yield of timber.

What does the indicator show?
Average annual softwood growth, removals, mortality by cause and net growth of live trees on productive forest-
land by owner/reserve class over the Forest Inventory and Analysis (FIA) remeasurement period (2002–2011 to 
2012–2021). Rapid changes to forests may have a lag before they are reflected in the FIA data. Reserved forestland is 
unavailable for management for timber production. Trends presented are not intended to be a causal comparison of 
management methods but rather highlight that different concerns may be present for different landowners. 
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Key Findings:
	y Increased wildfire and insect and disease-related losses drive reductions in net growth on private corporate and 

National Forest System (NFS) timberlands and productive reserved land compared to the 2017 Assessment.3

	y Private corporate timberlands are both some of the most productive and the most actively managed lands. 
Softwood growth exceeded harvest and mortality by an average of 41 ft3/acre/year, indicating sustained yield is 
being achieved. Net growth was 14% less than in the 2017 Assessment.3 

	y A portion of private non-corporate timberlands are actively managed. Net softwood growth averaged 81 ft3/
acre/year, which is 2% more than in the 2017 Assessment.3

	y NFS timberlands are managed for multiple objectives including ecosystem services. Net softwood growth aver-
aged 10 ft3/acre/year and was 72% less than in the 2017 Assessment.3 

	y Very little active management beyond fire suppression occurs on NFS productive reserved forests. Softwood 
mortality from natural disturbance exceeded growth for an average net loss of 27 ft3/acre/year, which was 
1055% less than in the 2017 Assessment.3

	y Across all ownerships, average softwood growth was 1.3 billion ft3/year. Net growth was 0.3 billion ft3/year, or 
18 ft3/acre/year. Net growth was 54% less than in the 2017 Assessment.3

3	 For comparison, 2017 FIA Assessment data were recalculated using new FIA national scale volume-to-biomass equations.

Data Sources
USDA Forest Service, Forest Inventory and Analysis database (USFS 2024b).
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Indicator 1.2: Timberland Restoration Needs
Which Montreal Process Criteria does the indicator evaluate?
MPC2: Maintenance of productive capacity of forest ecosystems
MPC3: Maintenance of forest ecosystem health and vitality 

Why is this indicator important?
For lands managed for timber, over- or understocked timberland is not operating at its potential productivity. Overly 
dense stands increase risk from disturbances that can lead to catastrophic losses. Understocked stands and certain 
hardwood-dominated lands represent potential areas for restoration. 

What does the indicator show?
Relative density (RD) of timberland and hardwood-dominated productive forestland area compared to a maximum 
stand density index (max SDI) value by competition class (i.e., free, partial, full competition classes, or zone of immi-
nent mortality). This provides an estimate of acres for which treatments may be warranted to improve stand density. 

Indicator 1.2. Statewide area of timberland and area of hardwood-dominated productive forestland by competition class  
(millions of acres)

Ownership 

Commercial Conifer Species  Hardwood-Dominated 
(Site Class 1–31 only) 

<25% 
(Free) 

25–34% 
(Partial) 

35–60% 
(Full) 

≥60% 
(Imminent 
Mortality) 

Public  2.2  1.0  2.9  1.4  0.3 

Corporate Forest  1.0  0.6  1.1  0.7  0.4 

Non-Corporate Forest  0.2  0.2  0.6  0.4  0.5 

Total  3.4  1.7  4.6  2.6  1.2

Data Note 1: Site class is an estimated or predicted indicator of site productivity (Hanson 2003). FIA site classes 1–3 represent highly 
productive sites corresponding to predicted timber productivity of ≥120 cubic feet/acre/year of growth at culmination of mean annual increment 
(CMAI) (USFS 2024c). 

Key Findings:
	y A traditional RD threshold greater than 60% indicates there are approximately 2.6 million acres potentially in 

need of density reduction treatments. Considering a RD greater than 35% as less resilient under future climate 
in some forests such as in the Sierra Nevada (North et al. 2022), an additional 4.6 million acres increases the 
total to 7.1 million acres. Overly dense stands are an issue on all ownerships. Lower thresholds may not apply 
to all forest types (e.g., 628,000 acres of coast redwood with RD >35%), sites (e.g., mesic, north facing slopes), 
or areas optimizing timber growth with active fuel reduction programs.

	y Approximately 19% to 58% of public timberlands are overly dense, using either a RD threshold of 60% or 35% 
max SDI, respectively.

	y Of the 3.4 million acres of stands with RD less than 25%, 2.2 million acres are on public lands. A portion of these 
lands may represent areas impacted by recent disturbance in need of reforestation. 
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Data Sources 
USDA Forest Service, Forest Inventory and Analysis database (USFS 2024b).

	y After high severity fires between 2019–2021, approximately 0.3 million acres need reforestation on private 
lands and 1.1 million acres on public lands, with a 200,000 acre reforestation backlog on public lands from fires 
between 2010–2018 (WFR Task Force 2024d). As of spring 2024, the operationally feasible need is 1.5 million 
acres on public lands. 

	y Hardwood-dominated timberlands are a natural component of the landscape, but they have expanded into 
some previously conifer-dominated areas due to past disturbances or management (e.g., coast redwood shifts to 
tanoak/laurel on drier inland sites in the North Coast). Restoring conifer dominance is more economically fea-
sible on higher site quality lands, such as the 1.2 million acres in site classes 1–3. About 43% of these acres are 
in the tanoak/laurel type, the majority of which are in the North Coast region. Conversely, restoration of coni-
fer-encroached woodlands should also be considered (e.g., California black oak).
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Indicator 1.3: Silvicultural Methods for Non-federal Timberland Harvest
Which Montreal Process Criteria does the indicator evaluate?
MPC2: Maintenance of productive capacity of forest ecosystems
MPC4: Conservation and maintenance of soil and water resources
MPC6: Maintenance and enhancement of long-term multiple socio-economic benefits to meet the needs of societies. 

Why is this indicator important?
The silvicultural methods applied to timberland for commercial harvest affect productivity, harvest levels, risk from 
fire and pests, and provision of various ecosystem services. 

What does the indicator show?
Non-federal timberland planned for commercial harvest using different silvicultural systems and emergency man-
agement actions.
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Data Sources 
CAL FIRE, Forest Practice GIS data, Timber Harvesting Plans (CAL FIRE 2023e, 2023f).
CAL FIRE, Forest Practice GIS data, Emergency Notices (CAL FIRE 2023a, 2023b).

Key Findings:
	y Total annual acres harvested declined over the 1997–2022 period but have remained relatively steady from 

2008 to 2022. Harvested acres in 2022 were 60% of 1997 harvest acres. 

	y The number of acres harvested using uneven-aged systems have been fairly constant, despite the decline in total 
harvest acres. Thus, the percentage of acres harvested using uneven-aged systems increased from an average of 
29% of harvested acres between 1997–2001, to 41% between 2011–2015, before returning to 32% for the most 
recent five-year period of 2018–2022.

	y Widespread tree mortality from the 2012–2016 and 2020–2022 droughts, insects and disease, and wildfire 
have contributed to a continued high number of non-federal acres filed for harvesting under FPR Emergency 
Conditions (CCR Title 14, §1052.1[b]). Since 2012, Emergency Notice harvests (e.g., salvage logging on burned 
areas, similar to clearcut silviculture where high severity fire occurred) comprised a substantial portion of the 
total harvested area. In 2022, following unprecedented wildfires in 2020 and 2021, these Emergency Notices 
made up 68% of the total harvested area statewide, 86% of total acres filed for harvest in the Sierra/Cascades, 
75% in the Central Coast and Interior Ranges, 69% in the Klamath/Interior Coast Ranges, and 2% in the North 
Coast ecoregions. 
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Indicator 1.4: Timber Harvest from Private and Public Lands and Sawmill 
Infrastructure	
Which Montreal Process Criteria does the indicator evaluate?
MPC2: Maintenance of productive capacity of forest ecosystems
MPC6: Maintenance and enhancement of long-term multiple socio-economic benefits to meet the needs of societies.

Why is this indicator important?
Timber harvest levels are an indicator of sustained yield and related economic activity. Decades ago, there were 
public concerns about overharvesting. However, since the late 1990s, non-federal forest landowners in California 
must manage on a sustained yield basis. Existing mill infrastructure is included as it is both affected by harvest trends 
and affects how much additional harvest can occur.

What does the indicator show?
Harvest volumes on public, private, and tribal lands from 1904–2022 and the number of active sawmills.
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Key Findings:
	y The total volume harvested in 2022 was 72% lower than peak harvest in 1955. Since 2000, total harvest has gen-

erally stabilized around an average of 1,668 million board feet. 

	y The contribution from public lands to total harvest volume over the 1955–1990 period averaged about 38%. 
Since 2000, it has averaged only about 18%. On average, total public harvest since 2000 is 83% less than between 
1955–1990.

	y Since 2000, private harvest (the bulk of which is from forest industry) averaged 1,369 million board feet per 
year. Annual fluctuations have been as much as 26% over and 45% under this average. On average, total private 
harvest since 2000 is 55% less than between 1955–1990.
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Data Sources 
Historic timber harvest data compiled from Bolsinger (1976), May (1953), Morgan et al. (2004), Ruderman (1976 
–1984), UM BBER (2024), Warren (1986 – 2003), Zhou (2015).
Forest products infrastructure data compiled from Marcille et al. (2020), May (1953), Morgan (2024), Morgan et al. 
(2004), Oswald (1970).

	y The number of sawmills declined from a peak of 907 in 1946 to only 31 in 2021. Expanding capacity requires a 
reliable, long-term, green timber supply from nonindustrial and public forestlands. 

	y Numerous factors contributed to declining timber harvest, including recovery from the post-WWII housing 
boom and regulatory changes such as increased protections for state and federal listed species. 
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Indicator 1.5: Timberland Managed for Sustainable Harvest or with Other 
Sustainable Forestry Standards
Which Montreal Process Criteria does the indicator evaluate?
MPC1: Conservation of biological diversity
MPC2: Maintenance of productive capacity of forest ecosystems
MPC7: Legal, institutional, and economic framework for forest conservation and sustainable management

Why is this indicator important?
Certification and other sustainable forestry standards indicate that land is being managed to achieve defined criteria 
for sustainable harvest levels and provision of ecosystem services.

What does the indicator show?
Private timberland acres managed under regulatory or voluntary sustainability initiatives. See Table 1.1 for details 
on regulatory initiatives. 

Indicator 1.5. Private timberland managed under regulatory or voluntary sustainability initiatives or certification (thousands of acres)
Timberland 

Regulatory¹  Forest Industry  Nonindustrial5 
Option "a" or "b" for MSP  3,853  0 

Program Timberland Environmental Impact Report (PTEIR)2  61  44 

Nonindustrial Timber Management Plan (NTMP)  0  355 

Working Forest Management Plan (WFMP)  4  0 

Voluntary Initiatives or 3rd Party Certification3     

Carbon Offset Projects  305  66 

Permanent Conservation Easements  221  227 

Forest Stewardship Council certification (FSC)4  1,596  277 

Sustainable Forestry Initiative certification (SFI)4  2,517  0 

American Tree Farm System certification (ATFS)4  123  250 

Data Notes: 	
1. Owners with less than 2,500 acres are nonindustrial by regulatory definition (PRC § 4593.2[b]). In this analysis, owners with more than 
2,500 acres are considered industrial. Owners with more than 50,000 acres of timberland are required by law to demonstrate Maximum 
Sustained Production (MSP) through an Option “a” or “b,” or with a PTEIR. 	
2. PTEIR acres may total more than 2,500 acres and be considered nonindustrial as they cover multiple small landowners. Industrial PTEIR 
acres overlap with other regulatory initiatives. 	
3. Acres within each category may overlap with acres covered by regulatory initiatives or other voluntary initiatives. 	
4. Third party certification acres reported as industrial/nonindustrial by the certifying organizations to their best knowledge. 	
5. Nonindustrial landowners without PTEIRs or NTMPs typically achieve MSP not through planning or analytical processes but by meeting 
detailed minimum stocking standards provided in the Forest Practice Rules. These acres are not reflected here. 

Key Findings:
	y Forest industry landowners have almost 3.9 million acres of planned treatments in mandatory Option “a” or “b” 

documents, or PTEIRs whereby maximum sustained production (MSP) of timber is indicated. 

	y As of December 2023, there were 911 approved NTMPs covering about 355,000 acres, representing an 18% 
increase in approved plans and an 11% increase in total acres since the 2017 Assessment. 

	y Additional acres of private timberland are under modified management (e.g., WFMP, Carbon Offset Project, 
permanent conservation easements), giving additional emphasis to ecosystem services.
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	y Emergency (EM) and Exemption (EX) notices include allowing landowners to remove trees to restore oak wood-
lands, to remove dead, dying, and diseased trees, and to remove trees to reduce the vertical and horizontal con-
tinuity of fuels, including for defensible space and fuel breaks. These are not considered regeneration harvests 
required to demonstrate MSP and are excluded from this indicator. EMs are included in i1.3. There were 1.3 
million acres filed under EX Notices and allow for removal of dead and dying trees that amount to less than 10% 
of the total volume. Often, landowners will put their entire ownership in an EX Notice and address dead and 
dying trees wherever they occur.

	y Since the 2017 Assessment, there was a 16% increase in industrial land and a 25% increase in nonindustrial 
under third party certification; acreage between different certifications may overlap.

	y Voluntary use of HCPs and SHAs provide additional protections to fish and wildlife. As of October 2024, there 
were approximately 2.4 million acres in HCPs and 675,600 acres in state SHAs (acres may overlap), mainly on 
industrial forestland.

Data Sources 
Industrial timberland data from CAL FIRE, Forest Practice GIS data (CAL FIRE 2023b) and USDA Forest Service, 
Forest Inventory and Analysis database (USFS 2024b).
Regulatory data from CAL FIRE, Forest Practice CalTREES and GIS data (CAL FIRE 2022, 2023c, 2023d, 2023g).
Carbon offset project data from California Air Resources Board, Offset Credits Issued (CARB 2022a) and Voluntary 
Registry Offsets database (BCTP 2022).
Conservation easements from CA Conservation Easements Database (GreenInfo Network 2024).
Certification data through 2023 from P. Brigman (personal communication, March 20, 2024), T. Kain (personal com-
munication, March 21, 2024), and the Sustainable Forestry Initiative (SFI 2023).
Habitat Conservation Plans and Safe Harbor Agreements from U.S. Fish and Wildlife Service, National Oceanic 
and Atmospheric Administration, California Department of Fish and Wildlife (A. Stanish, personal communication, 
November 7, 2024).



18

California's Forests and Rangelands: 2025 ASSESSMENT

Indicator 1.6: Acres of Forestland Being Managed as Carbon Offset 
Projects 
Which Montreal Process Criterion does the indicator evaluate?
MPC5: Maintenance of forest contribution to global carbon cycles

Why is the indicator important?
Through photosynthesis and the carbon cycle, forests can potentially be leveraged for climate mitigation. As part of 
the California Cap-and-Trade Program (initially authorized under AB 32 (Nunez and Pavley 2006), the California 
Air Resources Board (CARB) has developed protocols for improved forest management, reforestation, and avoided 
conversion projects. Forest landowners can be issued compliance carbon offsets by CARB or through the voluntary 
carbon market by registries such as Climate Action Reserve (CAR). Landowners participating in these projects can 
sell offsets to increase or diversify income while contributing to GHG emissions reductions. Permanence of GHG ben-
efits is a concern in fire-prone landscapes. 

What does the indicator show?
Acres and general locations of compliance and voluntary forest carbon offset projects and their intersection with 
recent fires.
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Key Findings: 
	y Forested acres enrolled in California’s Cap-and-Trade Program increased by 35% between 2017 and 2022 to 

371,659 acres, all registered as CARB compliance forest projects. The early action projects have since expired, 
and project tracking and enrollment has consolidated considerably.

	y All California CARB projects fall under “improved forest management,” which typically involve combinations of 
reduced harvest levels, longer rotations, and uneven-aged management.
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	y Despite very large recent wildfires, in 2022 only three forest carbon offset projects overlapped with wildfires 
that occurred from 2019–2022, totaling approximately 2,400 acres impacted by the fires. This amounts to 
~0.5% of the total forest area enrolled in carbon offset projects. Of the area within the fire perimeters, 13% was 
unchanged, 35% was low severity fire, 45% was moderate severity fire, and only 7% was high severity fire. 

Data Sources 
Compliance offsets from California Air Resources Board, Offset Credits Issued (CARB 2022a).
Voluntary offsets from Voluntary Registry Offsets database (BCTP 2022).
CAL FIRE, Historical Fire Perimeters (CAL FIRE 2024f).
Fire severity data produced using methods from Parks et al. (2018).
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DISCUSSION 

4	 Industrial timberland acres determined through a spatial join of CAL FIRE’s forest industry GIS layer (CAL FIRE 2024e) and FIA plots with 
site class 1–6 (USFS 2024d). 

5	 Net growth can indicate net gains (positive numbers) or losses (negative numbers).

The Resource Base
California’s forestland (including woodlands) com-
prises approximately 32 million acres, almost a third of 
the state. Forestlands provide a wide range of benefits, 
many of which extend to all Californians (e.g., water, 
recreation, wildlife habitat, forest products, grazing, 
carbon storage and sequestration, and tribal cultural 
uses). Approximately 51% of California’s forestland 
(16.3 million acres) is characterized as timberland (see 
Footnote 1 for definition of timberland). 

Over half (9.1 million acres) of California timberland 
is in public ownership (Figure 1.1), primarily admin-
istered by the USFS (USFS 2024b). About a quarter 
of timberland is owned by forest industry (3.9 million 
acres), including much of the higher site quality lands.4 
The remaining timberland (20% or 3.3 million acres) 
is owned by a diverse group of smaller nonindustrial 
owners. There have been no significant changes in the 
proportions of forestland owned by public agencies and 
private owners since the 2017 Assessment.

 

Forest Industry
24%

Nonindustrial
20%

Public
56%

2021 Timberland Ownership 
(16.3 Million Acres)

Figure 1.1. California timberland ownership. Data Sources: 
CAL FIRE (2024e) and USFS (2024b).

According to data from the USFS FIA program, aver-
age net softwood growth across all of California’s tim-
berland was 1.3 billion ft3/year. When accounting for 
harvest removals (-0.3 billion ft3/year, 23% of gross 
growth) and mortality (-0.7 billion ft3/year, 54% of 
gross growth), the net growth was still positive at 0.3 
billion ft3/year (USFS 2024b).5 This represents a 54% 
decrease in net growth compared to 2017 Assessment 
data (recalculated to enable comparison using the new 
FIA national scale volume-to-biomass equations). 
Reductions in total net softwood tree growth, ranging 
from 5–78% less than in the 2017 Assessment, were 
observed in all regions except the North Coast, which 
increased by 6%. These trends were largely driven by 
increased mortality exacerbated by increasing tem-
peratures, drought, insect infestations and disease, and 
wildfire. 

Across all ownerships, softwoods on timberlands in 
the North Coast region had the second highest per acre 
gross softwood tree growth, highest per acre harvest 
levels, and highest overall net growth at approximately 
109 ft3/acre/year. Mortality losses were just 10% of 
gross growth mainly due to natural causes, while har-
vest losses were 33% of gross growth. The Central Coast 
and Interior Ranges ecoregion had the highest per acre 
gross softwood tree growth, the second lowest har-
vest levels, and overall net growth of 104 ft3/acre/year. 
Mortality was 42% of gross growth, mainly due to fire, 
and harvest losses were just 3% of gross growth. Net 
growth per acre in the Klamath/Interior Coast Ranges 
and Sierra/Cascades was substantially less at nine and 
six ft3/acre/year, with mortality losses of 77% and 69% 
of gross growth and harvest losses of 13% and 24%, 
respectively. In the Klamath/Interior Coast Ranges, 
mortality was driven by fire and natural causes while 
in the Sierra/Cascades ecoregion, mortality was driven 
almost equally by fire, insects and disease, and natu-
ral causes. In the Eastside ecoregion, net growth was 
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19 ft3/acre/year, with mortality at 33% of gross growth 
and removals at 25% of gross growth. In the South 
Coast Mountains and Deserts ecoregion, net growth per 
acre was approaching zero, driven mainly by mortality 
losses.

Looking at ownership at the state level, net softwood 
growth per acre was positive and highest on private 
non-corporate lands (81 ft3/acre/year), followed by 
corporate lands (41 ft3/acre/year), and then unreserved 
NFS lands (10 ft3/acre/year). Reserved NFS system 
lands were experiencing a net loss in growth (-27 ft3/
acre/year). Across the entire state, NFS lands had the 
greatest per acre and total reductions in gross growth 
(due in part to the sheer areal extent of these lands), 
greatest increases in losses from harvest, fire and insect 
mortality, and greatest reductions in net growth overall. 
Mortality losses were 76% of gross growth on NFS unre-
served lands and 150% of gross growth on NFS reserved 
lands (meaning mortality exceeded gross growth), com-
pared to 15% and 18% of gross growth on private cor-
porate and non-corporate lands, respectively. Harvest 
losses including salvage were 50% of gross growth on 
private corporate lands, 18% on private non-corporate 
lands, 13% on NFS unreserved lands, and less than 1% 
on NFS reserved lands.

Looking at ownership trends at the ecoregion level, 
reductions in total net softwood tree growth were 
observed in most ownership classes. Similar to trends at 
the state level, net softwood growth per acre was positive 
and highest on private non-corporate lands, followed by 
corporate lands, and then unreserved NFS lands, with 
reserved NFS system lands experiencing a net loss in 
growth in the Central Coast and Interior Ranges, the 
Klamath/Interior Coast Ranges, the North Coast, and 
the Sierra/Cascades ecoregions. In the Eastside ecore-
gion, net change was roughly equal and positive for 
private corporate, NFS reserved, and NFS unreserved 
lands, with private non-corporate lands having the 
lowest net change, which was approaching zero. In the 
Klamath/Interior Coast Ranges region, net growth on 
unreserved NFS system lands was approaching zero. 
Samples sizes were too small for ownership analysis 

in the Central Valley and South Coast Mountains and 
Deserts ecoregions. 

Threats
Insects, Disease, and Drought
California’s forests are under significant threats from 
various factors, such as wildfire, development, conver-
sion to farmland, insect infestations, diseases, and cli-
mate change, with consequences ranging from forest 
degradation to type conversion (forest becoming non-
forest). The severity of these threats is evident after 
recurring extreme drought events and increases in 
large wildfire areas in recent decades. According to 
USFS aerial detection survey data (ADS), the drought 
from 2012 to 2016 and the subsequent bark beetle epi-
demic resulted in the death of nearly 96 million trees 
(USFS 2022b). Of these, almost 62 million trees died 
in 2016 alone. Another drought period occurred from 
2020–2022, resulting in another 107 million dead 
trees detected between 2017 and 2022, with the high-
est mortality recorded in 2022—just over 36 million 
dead trees (USFS 2022b). However, ADS surveys do 
not occur until three years after wildfire, so these num-
bers exclude insect and disease-related mortality from 
the extensive fires in 2020 and 2021. 

Between 2012 and 2022, 42% of public lands experi-
enced elevated forest pest and drought-related mor-
tality (>5 trees per acre), with 15% of that mortality in 
the severe category (>15 trees per acre) (USFS 2022b; 
see Chapter 5, Forest Pests). Elevated mortality was 
detected on 19% of private lands, with 6% of the mor-
tality in the severe class. It is possible that some pri-
vate landowners conduct operations to improve forest 
health and resilience, thereby reducing mortality, and/
or remove dead and dying trees more rapidly, thereby 
reducing detection of mortality during aerial surveys.

Overall, based on ADS data, an average of 20 million 
trees died per year between 2012–2022, with an average 
of 95% of total mortality occurring in softwoods (Figure 
1.2). It is important to note that ADS data may overes-
timate the number of dead trees and underestimate the 
area affected, with remote-sensing based approaches 
now aimed to refine these estimates (Cheng et al. 2024). 
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FIA data for a similar time period (2012–2021) indi-
cates 237 million dead trees per year including all hard-
woods and softwoods greater than one inch in diameter 
at breast height (DBH). This supports the argument that 
ADS may underestimate total tree mortality. However, 
when considering only overstory softwood trees, FIA 
data report 31 million dead trees per year, which aligns 
more closely with ADS flight detections (USFS 2024b). 
Additional information on forest insects and disease is 
found in Chapter 5 of this Assessment. 

California Tree Mortality
Aerial Detection Survey (2017–2022)

Dead Trees Per Acre
>0–5 (Background Mortality)
5–15
15–40
40 +

Figure 1.2. Levels of tree mortality from 2017 to 2022. Data 
Source: Aerial Detection Survey data, USDA Forest Service, 
2017–2022. Data Source: USFS (2022b).

Wildfire

Wildfires in California have increased in size, sever-
ity, and destructive capacity over the past two decades 
(see Chapter 4, Wildfire). From 2018–2021, California 
experienced its most significant (by area) wildfire activ-
ity in recorded history, with 5.1 million acres of forest-
land burned. Nearly all (96%) of the burned area during 

this time occurred in the Sierra Nevada/Cascade and 
Klamath/Interior Coast Ranges combined. Moreover, 
high severity fire accounted for 37% (more than 1.6 
million acres) of the burned area across all ownerships 
(MBG 2023). The proportion of high severity fire within 
each ownership group was highest for private forest 
industry lands (41%), with similar proportions of high 
severity fire on NFS lands (37%), and private nonindus-
trial forestlands (33%).

Compounding disturbances, such as tree mortality and 
drought, also exacerbate fire behavior and increase 
fire severity. In a study of the 2020 Creek Fire, which 
intersected expansive areas of tree mortality from 
drought and bark beetle activity during 2012–2016, 
high fire severity occurred on 41% of the area burned, 
with one large high severity patch greater than 48,000 
acres comprising 14% of the burned area (Stephens et 
al. 2022). Areas with the highest amounts of dead bio-
mass and live tree densities were positively related to 
high severity fire patch size, with dead biomass most 
strongly influencing fire severity. Additionally, as the 
fire burned, high levels of heat were concentrated in the 
interior of the fire rather than along the perimeter, as 
elevated levels of dead biomass continued to fuel the 
fire. This type of fire behavior is not captured by opera-
tional fire models.

Large patches of high severity fire are particularly con-
cerning, as research has shown that natural tree regen-
eration is unlikely to occur more than 330 feet from 
potential seed sources (North et al. 2019, Shive et al. 
2018, Welch et al. 2016), with high severity patches 
greater than 40 acres being outside the range of natural 
variation for certain forest types (Bohlman et al. 2021). 
Literature is variable on the size of high severity patches 
within a natural range of variation (NRV) depending 
on forest type, reference site location, and whether an 
average or maximum patch size is used (Minnich et al. 
2000). In one study of a single reference site, the maxi-
mum high fire severity patch size within NRV for yellow 
pine was approximately 40 acres, while a larger review 
indicated that high severity patch sizes exceeding 250 
acres rarely occurred (Meyer 2015, Minnich et al. 2000, 
Safford and Stevens 2017). 
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Between 2018 and 2021, large fires produced 1,494 
high severity patches that exceeded 40 acres in size, 
impacting a total area of 668,000 acres (MBG 2023). 
Significantly, eight patches were larger than 10,000 
acres each, impacting 182,000 acres. The 2021 Caldor 
Fire resulted in 102,000 acres of high severity patches 
greater than 100 acres and outside the range of natu-
ral variability (Estes and Bovee 2023). Of these, 46,000 
acres are unlikely to recover naturally and will require 
reforestation, while 4,000 acres are at risk of being 
unable to support softwood (conifer) species under 
future climate (Figure 1.3). The 2021 Dixie and Sugar 
fires resulted in 313,000 acres of high severity fire 
patches greater than 100 acres and outside the range 
of natural variability. Of these, 289,000 acres outside of 
wilderness are unlikely to recover without reforestation 
(Coppoletta et al. 2022).

Without adequate reforestation following large-scale 
high severity fire, there is a high risk of vegetation type 

conversion to shrublands or oak woodlands. One study 
found that disturbances between 2011 and 2020 led to 
30% of the southern Sierra Nevada’s conifer forest tran-
sitioning (temporarily or permanently) into non-forest 
vegetation (shrublands or sparsely treed landscapes), 
with particularly high impacts to mature forest habitat 
and high-density forest (Steel et al. 2023). Another study 
predicted that increased high severity fire and post-fire 
regeneration failure could reduce California’s forest 
area by 48% by 2070 (DeLyser et al. 2025). Though 
federal lands (particularly NFS system lands) experi-
enced the greatest total areas burned (5.7 million acres 
from 2012–2022), impacts from wildfire on non-fed-
eral lands are sizeable. An estimated 1.7 million acres 
of non-federal forests were within wildfire perimeters 
from 2012–2022, with 1.2 million acres burned since 
2018. This total compares to less than 500,000 acres 
burned between 2000–2011. Further, 2020 alone saw 
365,000 acres of non-federal forests burned at moder-
ate and high severity (Olsen et al. 2025). In total, 7.3 
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areas dominated by yellow-pine, mixed conifer, or red fir forests and blueish colors for areas dominated by other vegetation types 
(e.g., chaparral, oak woodlands) burned at high severity. Data Source: Estes and Bovee (2023).
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million acres of forestland have burned between 2012 
and 2022, approximately 7% of California’s land base. 

Wildfires and wildfire smoke impacts extend far beyond 
damage to vegetation itself. Five of the 10 deadliest 
fires have occurred since 2017 and substantial destruc-
tion of property has occurred with billions of dollars in 
insured losses (Safford et al. 2022). Substantial finan-
cial impacts to the timber industry and forestland value 
are also a result of wildfire (MBG 2023, Wang and Lewis 
2024; see Chapter 4, Wildfire). Wildfire and wildfire 
smoke also have adverse impacts on air quality; public 
health; water quality, quantity, and storage capacity; 
recreation; and wildlife species and their habitats. For 
additional information, see Chapter 11 (Wildfire Risk 
to Communities); Chapter 9 (Water Resources); and 
Chapter 10 (Wildlife Habitat). 

Climate Change Impact on Species Ranges
Restoration need and effort are exacerbated by cli-
mate change. California is already experiencing rising 
temperatures, with increasing drought impacts and 

pronounced changes in wildfire, insect, and disease 
activity. Tree mortality, natural regeneration failures, 
vegetation type conversions, and species range shifts 
are already occurring. See Chapter 5 (Forest Pests), 
Chapter 7 (Climate Change), and Chapter 10 (Wildlife 
Habitat) for additional information on climate change 
impacts to California’s ecosystems. Changes in growth 
and mortality are evident in the forest inventory data 
(see i1.1, above). 

The direct and indirect effects of climate change on 
California’s forests are projected to worsen (CARB 
2022b). Modeled scenarios in the 2017 Assessment 
that considered different future climatic conditions and 
global GHG emissions scenarios projected that by 2069, 
between 0.6 million (3%) and 1.4 million acres (8%) of 
current timberlands will no longer be climatically suit-
able for growing the tree species that are of primary 
commercial value in California (Douglas-fir, coast red-
wood, Jeffrey pine, ponderosa pine, red fir, sugar pine, 
white fir, incense cedar) (Thorne 2017, Thorne et al. 
2017). These former timberlands will likely transition 

Plumas National Forest conifer forests burned by the 2000 Storrie Fire. Shrublands are evident today in areas dominated by conifer 
forest prior to fire. USFS photo.
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into oak woodland, shrubland, or grassland, with dif-
ferent ecological and economic values (e.g., for graz-
ing), with most losses in the southern Sierra Nevada. 
Additionally, future climate may support different 
tree species in a given forested area, or in newly suit-
able habitat, but other factors such as soils, competition 
from other vegetation, and disturbance regimes could 
prevent these species from occupying these new sites. 
As stated earlier, high severity fire and post-regenera-
tion failure project 48% loss of California’s forests by 
2070 (DeLyser et al. 2025). 

Given the novel climate conditions facing California, 
there is a level of uncertainty as to what specific man-
agement approaches will work best across the diverse 
biogeographic conditions found throughout forested 
systems of the state. Therefore, consideration of a diver-
sified management approach is crucial to build more 
resilient forests in a changing climate. This underscores 
the need for ongoing research to better understand 
how to manage for resilient forests and employ cli-
mate-smart reforestation practices. Research using FIA 
remeasurement data has shown that many tree species 
are already undergoing distribution shifts in response 
to climate change, with seedlings tending to establish in 
relatively cooler parts of their range (Monleon and Lintz 
2015), while other work looking at trees greater than 
5.0 inches DBH does not find strong evidence of tree 
species range shifts (Groom and Monleon 2023). Some 
studies project species range shifts to be a larger issue 
for some species, such as red fir, than others (Thorne et 
al. 2016). 

To address these issues, assisted migration (human-as-
sisted movement of species or genes in response to cli-
mate change) and modified species-mixes or planting 
densities are available management options (Handler et 
al. 2023). However, land managers and the public cite a 
lack of experience and direction as barriers to employ-
ing some of these climate-smart reforestation strategies 
(Palik et al. 2022). The University of Nevada’s Sierra 
Nevada Adaptive Management Experiment (AMEX) uti-
lizes a network of state and federal forestland through-
out the mountain range to test seedlings from different 
seed zones, species-mixes, and residual forest densities 

to increase resistance, and resilience and adaptation 
to climate change (AMEX 2024). The Climate Adapted 
Seed Tool (CAST) provides climate-based seed zone 
guidelines, and it is currently in use by USFS ecolo-
gists working on National Forest reforestation (Stewart 
et al. 2023). These types of long-term studies and deci-
sion-support tools are critical to removing barriers to 
adopting these strategies. Additionally, recent release 
of the Superior National Forest Assisted Migration Plan 
will serve as a pilot for NFS lands and begin to address 
the barrier around lack of guidance for this practice 
(Frerker et al. 2023). 

Invasive Plants
Invasive plants, many of which are not native to 
California, are having a major impact on both working 
forests and other forestlands. They can limit forest pro-
ductivity, reduce forage for wildlife and livestock alike, 
increase the threat of wildfire, and lower land values. 
Invasive plant species are usually pioneer species that 
invade disturbed sites, including after wildfire, timber 
harvesting, or road construction. The majority of the 
invasive species in California are biennial or peren-
nials (46%), winter annuals (25%), and woody plants 
(22%), with approximately 215 species that are consid-
ered threats to California wildlands (DiTomaso et al. 
2017). Various invasive plant containment efforts exist 
throughout the state related to public education, detec-
tion, and control.

For private working forests, addressing invasive spe-
cies is an important part of management plans, for 
both timber production and protecting environmen-
tal values. Green Diamond Resource Company, a large 
industrial forest owner, has an invasive species pro-
gram to prevent or control noxious weed species that 
could negatively impact native flora or fauna (GDRC 
2023). The California Invasive Plant Council (Cal-
IPC) website provides extensive information to assist 
small forest landowners (USFWS and CA-IPC 2018). 
Management of invasive plants must consider potential 
impacts to sensitive plants and animals, such as threat-
ened or endangered bird species or impacts to culturally 
important plants. Control activities may be restricted to 
specific parts of the year. 



26

California's Forests and Rangelands: 2025 ASSESSMENT

Invasive plants affect public lands as well, though wild-
fire and lack of funding and resources are constraints 
on limiting their introduction and spread (NPS 2024, 
USFS 2023c). Invasive plants on NFS lands are docu-
mented and treated whenever possible with the Early 
Detection/Rapid Response system, and an Integrated 
Pest Management (IPM) approach. As of 2022, site-spe-
cific NEPA documents approved to control invasive 
plants as part of an IPM program have been completed 
on 14 of the 19 National Forests in California (USFS 
2023c).

Development Impacts 

Data from FIA are indifferent to permitted or unpermit-
ted activities and indicate net conversion of timberland 
to developed or agricultural uses is less than 2,000 acres 
per year and for all forestland it is closer to 7,000 acres 
per year (USFS 2024b). An analysis of CAL FIRE Forest 
Practice “Less-than-three-acre Timberland Conversion 
Exemption” requests shows that on average, between 
2018 and 2023, CAL  FIRE permitted a total of 1,733 
acres of these requests, or an average of approximately 
300 acres per year (CAL FIRE 2025b). Over 60% of 
these acres were converted to residential development, 
with approximately 8% converted to both agriculture 
and to non-residential development, and just over 3% 
converted each to cannabis and vineyard uses. Larger 
than three-acre timberland conversion permits covered 
approximately 851 acres, averaging 142 acres and six 
requests per year (CAL FIRE 2025a). Approximately 
26% of the acres in these larger requests were in Siskiyou 
County, 16% in Nevada County, with 12 other counties 
making up the remainder of the requests. Public, pri-
vate, and subdivision development comprise approx-
imately half of these larger timberland conversions, 
with ski area development at 19%, vineyards/agricul-
tural and cannabis at 9%, mines and quarries at 9%, 
solar at 4%, and re-zoning out of timberland at 10%. 
Though illegal conversions may occur, there are limited 
data. An analysis of cannabis cultivation in Humboldt 
and Mendocino counties indicated that approximately 
974 acres of indoor and outdoor cultivation occurred in 
2016, with approximately 400 acres occurring in forest-
land (Butsic et al. 2018). In another study focused on 
Humboldt County, cannabis grows contributed to forest 

cover loss on approximately 1,060 acres between 2000 
and 2013, or 1.1% of the forest cover loss during that 
time (Wang et al. 2017). 

Working forests are also impacted by subdivision of 
large parcels, which can result in holdings too small to 
be effectively managed for timber. When timberland 
value is diminished, there is increased potential of con-
version to other developed or agricultural land uses 
(Miner et al. 2014, Nepal and Skog 2014). Conservation 
easements are an increasingly effective tool for pre-
serving timberlands with important environmental or 
social values and for protecting working forests from 
conversion or subdivision (6.2). There are close to 
450,000 acres of timberland under permanent con-
servation easements (see i1.5, above), with approxi-
mately 287,000 acres under the state and federal Forest 
Legacy Programs working forest conservation ease-
ments (P. Leuzinger, personal communication, May 24, 
2024) (D. Walsh, personal communication, March 27, 
2024). Across all forestland, there are 592,323 acres 
under conservation easements (6.2). Conversion of 
oak woodlands is discussed in Chapter 2 (Sustainable 
Rangelands). Additional discussion on population and 
development impacts for forests and rangelands occurs 
in Chapter 6 (Population Growth and Development 
Impacts). 

Restoration Need
Applying concepts from North et al. (2022) in this chap-
ter, forest resilience refers to a forest’s adaptability to 
a range of stresses and reflects the functional integ-
rity of the ecosystem, such as retaining fundamen-
tal forest ecological structure, composition, and pro-
cesses. Maintaining forests as forests with increases in 
disturbance and climate impacts is a major challenge 
in California, especially given the very long time spans 
required to restore forested conditions after a distur-
bance. With uncertainty in future global emissions, 
climatic conditions, and ecological response, there is 
a need for adaptive management. Adaptive manage-
ment can be considered along a gradient with differ-
ent tolerances of ecosystem change and mechanisms 
for coping with climate change (Millar et al. 2007, 
Nagel et al. 2017). Management actions to promote 
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forest resistance are aimed at maintaining a relatively 
unchanged forest (e.g., existing stand structure, compo-
sition, and densities prior to disturbance). Management 
actions to promote resilience would allow some change 
in pre-disturbance conditions but would encourage an 
eventual return to a reference condition (e.g., historic 
pre-European settlement stand structure, composition, 
and densities), and recognize that landscape mosaics 
may shift over time. Management actions to transition 
forests are aimed at actively facilitating change to 
encourage adaptive responses (e.g., assisted species 
migration). Maintaining a diverse set of forest species, 
structures, and compositions; targeting advantageous 
species adaptations; restoring ecological processes such 
as beneficial fire; restoring TEK and relationships; and 
post-disturbance restoration are key elements of adap-
tive management (Nagel et al. 2017). Robust monitor-
ing programs examining a variety of approaches are 
critical to provide the feedback loop to adapt manage-
ment based on current conditions and the effectiveness 
of treatments.

Forest resilience also extends beyond the trees them-
selves. The following ten pillars of resilience—address-
ing both biophysical and social elements—have been 
developed for forest restoration in California: forest 
resilience; durable, diversified, and sustainable carbon; 
fire dynamics; fire-adapted communities; economic 
diversity; social/cultural well-being; air quality; water 
security; wetland integrity; and biodiversity conser-
vation (Manley et al. 2023). The 2022 Natural and 
Working Lands Climate Smart Strategy (CNRA 2022b) 
discusses “climate smart forest management” as includ-
ing forest thinning focused on small trees through pre-
scribed fire and mechanical or manual thinning. These 
treatments are described as leading to healthy and resil-
ient forests that will limit future carbon losses, seques-
ter carbon, and store carbon. These treatments also will 
support resilient communities, natural systems, and 
resilient economies.

Given current changes in temperature and precipita-
tion regimes, tree mortality levels and several recent 
very large stand-replacing wildfires, scientists, land 

management agencies, and members of the public alike 
have called into question past forest and fire manage-
ment policies, and specifically whether the problem 
has been exacerbated by overly dense forest conditions. 
In certain forest types across the state, denser forests 
have higher fuel continuity, making them more suscep-
tible to crown fire, and have more inter-tree competi-
tion for water and light, making them more suscepti-
ble to drought, insects, and disease. Forest resilience is 
increasingly challenged by these conditions. 

Resilient forest stand after multiple fuel reduction treatments at 
Blodgett Forest Research Station in the central Sierra Nevada. 
Photo: CAL FIRE.

Relative Stand Density as a Metric of Conifer 
Forest Restoration Needs

To explore restoration needs on California’s timber-
lands across forest types comprised of commercial soft-
wood (conifer) species, the relative density (RD) of 
stands is evaluated as a percentage of the maximum 
Stand Density Index (SDI). SDI is an expression of rel-
ative stand density based on the predictable relation-
ship between average tree size and trees per unit area 
and varies by forest type, with more productive forests 
having higher maximum SDI values. SDI is well cor-
related with stand volume and growth, and it can be 
used as a relative measure of inter-tree competition 
(North et al. 2022). By presenting RD with thresholds 
related to widely accepted management and biological 
thresholds, the utility of this metric is expanded beyond 
typical production forestry objectives to address overall 
forest resilience across different ownership types and 
objectives (Woodall and Weiskittel 2021). 
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In the past, RDs greater than 60 to 100% of maximum 
SDI were considered indicative of overstocked condi-
tions, as these are the lower and upper thresholds for 
density-induced mortality (Long 1985), although ideal 
management ranges of anywhere between 20–60% of 
max SDI have been proposed (Dean and Baldwin 1996, 
Long and Shaw 2005). However, recent research in 
the Sierra Nevada indicates that historical stand con-
ditions maintained by frequent low-severity fire were 
usually below 35% of maximum SDI, and most were 
below 25% of maximum SDI (North et al. 2022). In 
contrast, most current stands were found to be at RDs 
greater than 35%. Similarly, another recent study indi-
cated that treatments that reduced RD to less than 35% 
were most resilient to modeled wildfire (Stephens et 
al. 2024). These results suggest that forest treatments 
for resilience in the Sierra Nevada or potentially other 
fire adapted areas need to be much more intensive, as 
well as extensive, than the current standard practices 
for fuels reduction and production timber stand man-
agement. These lower densities are both more resilient 
to frequent fire and facilitate the reintroduction of ben-
eficial fire. 

We used both the traditional 60% RD threshold and 
a 35% threshold to assess need for restoration (see 
Relative Density Thresholds box insert). Using the 
more traditional RD threshold of 60%, about 1.4 mil-
lion acres (19%) of public timberlands are overstocked, 
while a 35% RD threshold suggests that 4.3 million 
acres (57%) of public timberland are in need of resto-
ration to improve forest resilience. When including pri-
vate timberlands, there are 2.6 million acres of public 
and private timberland that exceed 60% of maximum 
SDI and an additional 4.6 million acres that exceed 35% 
of maximum SDI, for a total of 7.1 million acres in need 
of restoration to improve forest resilience (see i1.2, 
above). This equates to 44% of all timberland. Using the 
upper threshold of the range, approximately 63% of the 
need is on public land. However, these thresholds may 
not be appropriate for all forest types, such as coast red-
wood (approximate RD of 628,000 acres >35%) or sites 
(e.g., mesic, north-facing slopes). Additionally, in fire 
adapted areas, some industry forest managers main-
tain stands at higher densities alongside active fuel 

Relative Density Thresholds

	 <25% = 	Free of Competition
	25–35% = 	Partial Competition
	35–60% = 	Full Competition
	 >60% = 	 Imminent Mortality, lower threshold 

of the self-thinning zone, where com-
petition due to tree density begins to 
induce tree mortality 

reduction programs (G. Gentry, personal communica-
tion, October 31, 2024).

Understocked stands and widespread areas that have 
experienced drought, insect and disease, and wild-
fire-related mortality are potentially in need of refor-
estation. There are 3.4 million acres of stands with RD 
less than 25% considered free from competition (see 
i1.2, above). Sixty-four percent of those acres are on 
public lands. A portion of these productive timberlands 
likely represents areas that are recovering from distur-
bance, with some portion in need of post-disturbance 
reforestation due to a lack of nearby seed trees. While 
forest industry landowners generally replant promptly 
after large disturbance events, nonindustrial owners 
typically do not unless technical and/or financial assis-
tance is available through the state and federal pro-
grams discussed later in this chapter. The following box 
insert further discusses the considerable reforestation 
challenges on federal lands, many of which spill over 
into private lands as well.

2021 Caldor Fire salvage and unsalvage logged forest, with 
Blodgett Forest Research Station in the foreground. Photo: 
CAL FIRE. 
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Postfire reforestation is a major issue facing west-
ern forests6—it is estimated that the current refor-
estation backlog is close to 4 million acres and that is 
expected to double by 2050 based on future fire fre-
quency, severity, and size (Dobrowski et al. 2024). 
California’s federal interior forests have been sub-
jected to multiple large damaging wildfires over the 
past 10 years. It is estimated that 0.4 million acres of 
private forests and at least 1.1 million acres of federal 
forestlands would benefit from reforestation efforts 
following fires between 2019–2021, with an addi-
tional 200,000 acre backlog of reforestation need 
on public lands from disturbances between 2010–
2018 (WFR Task Force 2024d). Preliminary esti-
mates as of spring 2024 put the operationally feasi-
ble reforestation need on public lands at 1.5 million 
acres. However, an average of only 11,600 acres were 
planted on public lands annually between 2010–
2020, amounting to less than 10% of high severity 
burned areas between 2015–2020. Between 2021 
and 2023, an average of 14,949 acres per year of tree 
planting occurred on federal forestland and 41,965 
acres on private industrial forestlands (WFR Task 
Force 2024c). 

Research conducted in the Sierra Nevada has shown 
that there have been significant differences in refor-
estation success by landowner type, due to differing 
management circumstances (Stephens et al. 2020). 
For example, following the 2007 Moonlight Fire 
(65,000 acres), only 1% of publicly owned lands were 
characterized by young regenerating conifer for-
ests, whereas approximately 70% of privately owned 
lands were regenerated successfully. 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 could have natural regenera-
tion failure (under a high global emissions scenario, 

6	 Western forests in the cited analysis include California, Oregon, Washington, Idaho, Montana, Wyoming, Utah, Nevada, Colorado, 
New Mexico, and Arizona (Dobrowski et al. 2024).

RCP [Representative Concentration Pathway] 8.5), 
resulting in potential modeled losses of 48% of 
California’s forested area by 2070. Approximately 
70% of those losses are projected to occur on NFS 
lands, which may accumulate up to 9 million acres 
in post-fire reforestation needs during this time 
(DeLyser et al. 2025). Timely reforestation efforts 
following high-severity fires, particularly within the 
first three years, are critical to minimize these losses. 

Specific elements of the reforestation process, 
known as the “reforestation pipeline,” include seed 
collection, project planning, nursery production, site 
preparation, planting, vegetation management, and 
monitoring (WFR Task Force 2024d). Numerous 
limitations in the reforestation process are prevent-
ing a larger planting effort across the board, but par-
ticularly on federal lands. These barriers include 
costly and time-intensive project planning processes, 
inadequate seed collection and processing, especially 
from low elevation zones, insufficient seedling nurs-
ery capacity, and inadequate site preparation, all 
of which are mostly limited by the same underly-
ing issue—insufficient funding and associated work-
force. Each component in the reforestation pipeline 
faces its own set of challenges. For example, seed col-
lection requires having a skilled workforce and the 
ability to mobilize resources quickly when a big cone 
production year occurs. Big cone production years 
are impacted by disturbance and climate change, 
which also reduces genetic diversity in the seed stock 
itself. These barriers are further documented in 
Dobrowski et al. (2024). 

Despite these barriers, federal and state entities 
are committed to addressing reforestation needs. 
Within the Infrastructure Investment and Jobs Act 
(U.S. Congress 2021), the REPLANT Act (Repairing 

Post-fire Reforestation Challenges on Federal Lands
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Existing Public Land by Adding Necessary Trees) 
requires the USFS to address its reforestation back-
log within 10 years and is accompanied by substan-
tial funding nationally over the next five years (WFR 
Task Force 2024d). However, the future of federal 
funding, including some that is currently allocated, 
is highly uncertain under the current federal admin-
istration (see Chapter 13, Institutional Response, 
for further discussion). In 2022, the California 
Reforestation Pipeline Partnership, a strategic col-
laboration among American Forests, the USFS, and 
CAL FIRE, formed to identify and address limitations 
in the reforestation pipeline. Some of the approaches 
identified to address reforestation needs in California 
include updating reforestation need acres annu-
ally, improving the planning and permitting pro-
cess, increasing funding and staffing, increasing site 
preparation activities, increasing capacity at existing 
nurseries, and establishing new forest nurseries with 
large zone-specific seedling capacities. Addressing 
these needs will require ongoing commitment, fund-
ing, and staff from federal, state, and non-govern-
ment partners. 

Some meaningful progress has been made in address-
ing the reforestation pipeline needs: 

	y CAL FIRE and Sierra Pacific Industries collab-
orated on the establishment of a new tree seed-
ling nursery at Gazelle, CA (Siskiyou County). 
Ground-breaking occurred in April 2023 for 
a facility that will be able to produce up to 25 
million native conifer seedlings per year when 
fully functional in 2026. This will nearly double 
the current seedling production capacity in the 
state (WFR Task Force 2024d).

	y The “California Cone Corps” was established 
and is a workforce development program to 
recruit and place new workers into California’s 
reforestation pipeline through on-the-job 
training.

	y Efforts to scale up training and capacity for 
cone surveys and collection activities have been 
active. Through Cone Camps held across the 
state in 2024, 175 individuals were trained on 
cone surveying and monitoring, and nearly 20 
individuals were trained and certified as cone 
collection climbers (J. Schied, personal com-
munication, July 11, 2025). 

	y Given increased landowner participation in the 
new CAL  FIRE Reforestation Because of You 
(RBY) program, when combined with a new 
cone surveyor web app and other efforts, nearly 
2,000 cone surveys were submitted which 
translated into over 4,300 bushels of cones 
being collected for CAL FIRE’s L.A. Moran 
Reforestation Center (J. Schied, personal com-
munication, July 11, 2025).

	y In 2024, a total of 11,330 bushels of coni-
fer seed-bearing cones made it to a USFS and 
CAL  FIRE seedbank, representing a 275% 
increase in cone collection from 2023 and a 
potential 57 million seedlings. The California 
Reforestation Pipeline Partnership supported 
30% of the federal and state bushels collected 
(CRPP 2024).

In light of the multiple limitations in the reforesta-
tion pipeline, there is a need to prioritize treat-
ment locations that are most in need and have the 
best potential for seedling survival, and to re-eval-
uate and adapt planting activities, including site 
preparation, to enhance seedling survival and pro-
liferation in a changing climate. Salvage can be 
an important site preparation tool to reduce fuels 
and safety hazards. Recent research on patterns 
of natural regeneration after wildfire in the Sierra 
Nevada (Shive et al. 2018, Welch et al. 2016) has 
shown that uncharacteristically large high sever-
ity patch size (e.g., >100 ac) often leads to natu-
ral regeneration failure. Using local knowledge and 
the Postfire Conifer Reforestation Planning Tool 
(PostCRPT), a model developed from field data to 
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predict natural regeneration, analysts can delineate 
areas likely to successfully reseed. Postfire and his-
torical precipitation have been found to be good pre-
dictors of regeneration success (Stewart et al. 2023). 
The Postfire Reforestation Success Estimation Tool 
(PReSET)  can identify where postfire reforestation 
outcomes are most likely to be successful in Sierra 
Nevada mixed-conifer forests. 

Traditional reforestation has specified planting coni-
fer seedlings (mostly ponderosa pine) in interior 
areas, in a regularly spaced grid at relatively high 
densities. For areas outside the zone of predicted 
natural seed fall, new strategies have been developed 
to prioritize areas to plant conifer seedlings for resil-
ient reforestation, since funding, labor, and seeds 
are limited (Long et al. 2023, Meyer et al.  2021). 

This  approach includes using a variety of geospa-
tial data and tools to locate areas with high sever-
ity patches, and determine microsite water availabil-
ity, appropriate topographic positioning, and lower 
potential future fire behavior (Meyer et al. 2021, 
North et al. 2019). Acceptable areas can be planted 
with clustered seedlings at low stocking density (e.g., 
200 trees/ac). Clustering can help mimic natural het-
erogeneity associated with fire resilience and actu-
ally promote tree establishment and growth (Fertel 
et al. 2022). Caldor, Dixie, and Sugar fire analy-
ses provide recent examples of applying this plan-
ning approach (Coppoletta et al. 2022, Estes and 
Bovee 2023). While not yet being widely utilized in 
California National Forests, resilient reforestation 
approaches are being considered for experimental 
planting areas.

New SPI nursery in Grazelle, September 2024. Photo: CAL FIRE.
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Hardwood-dominated timberlands are a natural com-

ponent of the landscape and have expanded into some 

previously conifer-dominated areas due to past dis-

turbances or management, such as shifts to tanoak/

laurel in coast redwood stands on drier inland sites 

in the North Coast (Berrill and Howe 2019, Cafferata 

and Yee 1991). Treatments to restore conifer domi-

nance are more economically feasible on higher site 

quality lands, such as the nearly 1.2 million acres in 

site classes7 1–3 (see i1.2, above). About 43% of these 

acres are in the tanoak/laurel type, with the majority 

in the North Coast region. Careful consideration should 

be given before implementing conifer restoration treat-

ments in oak-dominated lands. Some hardwood spe-

cies, such as California black oak, are ecologically and 

culturally important to many Native American tribes. 

These woodlands face numerous threats such as exten-

sive wildfire, invasive pests, development, and poten-

tial range shifts, and effort must also be made to ensure 

they persist in certain places. In many cases they are 

suffering from conifer encroachment due to fire exclu-

sion and require conifer removal and reintroduction of 

beneficial fire to restore these woodlands (Cocking et 

al. 2015, Stephens et al. 2023). In recognition of this 

need, the BOF adopted regulations to allow for conifer 

removal to restore oak woodlands (CAL FIRE 2024c), 

with recent revisions through AB 2276 to increase the 

size of conifers that can be removed (Wood 2024). 

Moreover, climate modeling suggests less climatic suit-

ability for conifer-dominated forests in some areas—

these forests may shift to oak woodlands in the future 

(Thorne et al. 2016, Thorne et al. 2017).

In sum, the total acres potentially in need of treatment 

(RD <25%, RD >35% or 60%, site class 1–3 hardwood 

dominated) to improve stand density and composition 

ranges from 7.4 to 11.8 million acres, affecting both 

public and private timberlands (see i1.2, above). 

7	 Site class is an estimated or predicted indicator of site productivity (Hanson 2003). FIA site classes 1–3 represent highly productive sites 
corresponding to predicted timber productivity of ≥120 cubic feet/acre/year of growth at culmination of mean annual increment.

Management Context
Though California’s forests face numerous threats cre-
ating substantial need for more active management, 
work is underway to build more resilient forest stands 
in areas at high risk of catastrophic wildfire or vulner-
able to disease and drought. Sustainable forest man-
agement, which includes treatments to enhance forest 
resilience and reduce fire risk, is the cornerstone for 
forest policy in California. 

Sustainable Harvest

The public interest in maintaining and enhancing sus-
tainable working forests in California is protected 
through numerous federal, state, and local laws, rules, 
regulations, and ordinances. The BOF is responsi-
ble for developing general forest policy, determin-
ing guidance policy for CAL  FIRE, and representing 
the state’s interest in federal forestland in California. 
For non-federal lands, the primary regulatory frame-
work governing commercial timber operations is pro-
vided by the 1973 Z’Berg-Nejedly Forest Practice Act, 
implemented through the FPRs (CAL FIRE 2024c). 
Since the late 1990s, the FPRs require all non-federal 
forest landowners to manage on a sustained yield basis 
under a state regulatory framework for “maximum sus-
tained production (MSP) of high-quality timber prod-
ucts” (CCR Title 14, §§ 913.11, 933.11, 953.11). Except 
for under Emergency and Exemption Notices, com-
mercial timber harvesting under the FPRs requires 
landowner preparation and CAL  FIRE approval of a 
Timber Harvesting Plan (THP) or other type of Plan 
such as a Nonindustrial Timber Management Plan 
(NTMP), a Modified THP (MTHP), or a Working Forest 
Management Plan (WFMP) written by a Registered 
Professional Forester (RPF). These plans, in combi-
nation with the state’s interagency, interdisciplinary 
review and approval process, are considered the func-
tional equivalent of a California Environmental Quality 
Act (CEQA) Environmental Impact Report (EIR) (Table 
1.1). NTMPs, MTHPs, and WFMPs provide additional 
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emphasis on ecosystem services and uneven-aged 
management. 

Programmatic management plans have also been pro-
vided in an attempt to reduce the regulatory burden 
on non-federal landowners interested in conducting 
commercial forest management, which may include 
forest restoration or resilience goals. A Programmatic 
Timberland Environmental Impact Report (PTEIR) can 
be used, with Programmatic Timber Harvesting Plans 
(PTHPs) tiering off them to reduce the work needed in 
preparing a THP. For vegetation treatments in forests 
and other vegetation types aimed at hazardous fuels 
reduction, constructing fuel breaks, and promoting eco-
logical restoration without a commercial timber com-
ponent, the California Vegetation Treatment Program 
(CalVTP) Environmental Impact Report (EIR) pro-
vides a powerful CEQA compliance tool to expedite the 
implementation of wildfire resilience and community 

protection projects. Plan review includes multi-agency 
participation by CAL FIRE, CDFW, RWQCBs, and the 
California Geological Survey (CGS). Interagency policy 
coordination is provided by CNRA. Additional permits 
to protect aquatic habitats and water quality may be 
required from CDFW and/or the applicable RWQCB. 
Together, the FPRs, the Water Quality and CDFW reg-
ulatory systems, and interagency review and enforce-
ment provide for broader sustainability than just MSP. 

A summary of how the FPRs address sustainable for-
estry is provided below. These rules may vary through-
out the state to account for local issues.

Inventory management:

	y Timberland preservation: Restrictions on timber-
land conversion to alternative uses.

Table 1.1. Types of plans or notices for commercial timber harvest on non-federal lands in California

Plan/Notice Type  Valid Time Period  Main Users  Ownership Size 
Limitations  Key Additional Requirements 

Timber Harvesting 
Plan (THP) 

5 years; potential for 
2-year extension 

Large or small 
landowner  None 

Detailed multi-agency environmental review 
and approval process. Can use Option “a” or 
“c” to demonstrate MSP.  

Modified 
THP (MTHP) 

5 years; potential for 
2-year extension  Small landowner  ≤160 acres  Numerous limitations on practices to reduce 

environmental impacts. 

Sustained Yield 
Plan  (SYP) 

Effective up to 
20 years, or less 
if environmental 
conditions 
substantially change  

Large 
landowner (typically, 
≥50,000 acres) 

None 

Relies on Option “b” to demonstrate MSP. 
Requires detailed assessments of fish, wildlife, 
watersheds, timber sustainability. Subject to 
detailed multi-agency environmental review/
approval. 

Program 
Timberland 
Environmental 
Impact Report 
(PTEIR) 

Effective until 
environmental 
conditions 
substantially change 

Large landowner or 
conglomeration of 
smaller landowners 

None 

Used to demonstrate MSP. Requires detailed 
assessments of public-trust resources 
unique to an ownership. Harvest compliance 
demonstrated with multi-agency endorsed 
PTHP “checklist” showing harvest operations 
are withing the scope of the PTEIR. 

Nonindustrial 
Timber 
Management 
Plan (NTMP)         

Effective until 
environmental 
conditions 
substantially change  

Small landowner  <2,500 acres 

Uneven-aged management only; Timber 
Operations can commence on the same day 
that the Notice of Operations is submitted to 
the Department (effective for one year). 

Working Forest 
Management Plan 
(WFMP)     

Effective until 
environmental 
conditions 
substantially change  

Small to medium 
sized landowner  ≤10,000 acres 

Uneven-aged management only; owner not 
primarily engaged in the manufacture of forest 
products; must be included within a single 
planning watershed unit. Harvest operations 
may commence in 3-days after submittal of 
Harvest Notice. 

Exemption and 
Emergency Notices 
(EX/EM)   

One year  Small and large 
landowners  None 

Non-discretionary documents (no formal 
agency review). Must comply with operational 
FPRs. Rapid commencement for damaged 
stands, fuel hazard reduction, other conditions. 

Data Source: CAL FIRE.
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	y Post-harvest re-stocking: Specific requirements 
for re-stocking after timber harvest.

	y Sustained yield: Owners of over 50,000 acres of 
timberland in California are required to meet MSP 
under a Sustained Yield Plan (SYP, via Option “b”), 
with an Option “a” document, or with a PTEIR. A 
detailed assessment of timber sustainability suf-
ficiently constrained by general assessments of 
public-trust resources such as fish, wildlife, and 
watershed protection is required for these large 
landowners. Owners of less than 50,000 acres 
can additionally use the default Option “c,” which 
requires meeting minimum stocking and basal 
area standards for a given silvicultural system 
specified in the FPRs. 

	y Emergency and Exemption Notice rules: Serve as 
a non-discretionary equivalent to a THP to com-
mence rapid timber harvesting to address stands 
damaged by fire, insects, disease, etc., and to rap-
idly implement fuel hazard reduction treatments. 
The operational FPRs must be followed.

Ecological and environmental protection:

	y Water quality protection: Watercourse protection 
rules related to harvest practices, road construc-
tion, and maintenance rules to control erosion 
and sediment delivery to channels.

	y Wildlife habitat protection: Retaining/recruiting 
late seral habitat in watercourse and lake protec-
tion zones (WLPZs) for habitat connectivity, pro-
tection for threatened and endangered species, 
and snag and downed wood considerations. 

Community support and socio-economic benefits:

	y Formal process for public comment on Plans; the 
lead agency (CAL  FIRE) must respond to com-
ments in the permit record. 

	y Specific provisions for protection of archaeologi-
cal, historical, and cultural sites.

	y MSP provisions for large landowners that contrib-
ute to a sustained level of economic activity and 
local employment. 

The regulatory framework has undergone numer-
ous revisions since its inception, including measures 
to provide additional protection for water quality, fish 
and wildlife habitat, archaeological sites, and threat-
ened and endangered species. Regulations have been 
upgraded in the past decade relating to forest roads, 
yarding methods, and stocking standards. Changes have 
also addressed regulatory efficiency and cost of compli-
ance, while maintaining or strengthening environmen-
tal protection. Since 2004, a series of Legislative and 
BOF expansions of allowed activities under Exemption 
Notices, primarily focused on fuel reduction, have 
enhanced opportunities for landowners to conduct lim-
ited commercial timber harvest without a THP or other 
type of Plan. Certain changes have also directed more 
tracking of activities and increased monitoring and 
evaluation of outcomes, particularly as they relate to 
Exemption and Emergency Notices (e.g., Olsen et al. 
2025; see Chapter 13, Institutional Response, for fur-
ther discussion).

Further improvements to the regulatory system are 
provided by AB 1492 (Blumenfield et al. 2012). This bill 
created the Timber Regulation and Forest Restoration 
Fund (TRFR Fund) through a 1% tax on retail sales of 
lumber and engineered wood products in California. AB 
1492 goals include improving the state’s ability to mon-
itor the economic and environmental consequences of 
timber regulation, providing for a more efficient regula-
tory process that takes into account the THP process as 
a whole, and funding critical restoration activities. 

AB 1492 accomplishments include but are not limited 
to: 

	y Statewide forest ecosystem monitoring using new 
remote sensing data including LiDAR and other 
technologies to obtain post-disturbance condi-
tion, emergency public safety information, and 
to assess progress and effectiveness of vegetation 
treatments.
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	y Ongoing monitoring of Emergency and Exemption 
Notices and funding for BOF FPR Effectiveness 
Monitoring Committee projects. 

	y Continued development and implementation of 
CalTREES, an online timber harvesting permit-
ting system for non-federal lands. 

	y Funding for over 200 staff positions and improved 
coordination for the various state agencies respon-
sible for timber harvest document review, inspec-
tions, approval, enforcement, and monitoring. 

California’s FPRs provide numerous resource protec-
tions, options for landowners to comply with the reg-
ulations, and efforts to improve the regulatory pro-
cess. However, private family forest landowners have 
expressed that the regulatory environment is still com-
plex and the high costs to prepare harvest documents, 
ranging from $12,000 to $50,000, make it difficult to 
actively manage their forestland (Goldstein et al. 2023).

Trends by Owner
California timberland has a diverse set of biophysical 
conditions and ownerships with different management 
objectives. These differences, combined with ongoing 
threats to forest health, result in distinct outcomes by 
ownership, described in detail below. Trends presented 
are not intended to be a causal comparison of manage-
ment methods but rather highlight that different con-
cerns may be present for different landowners. 

It should be noted that due to the FIA remeasurement 
cycle where 10% of all plots are remeasured 10 years 
later and 100% of the plots are remeasured over the 
course of 10 years, rapid changes to forests have a lag 
before they are reflected in the data. For example, an 
unprecedented extent of high severity fire occurred in 
California forests in 2020 and 2021 but only 10% of 
plots in the data used in this report have been sampled 
since 2020. As discussed below, CAL  FIRE is provid-
ing program staff and funding to reduce the remeasure-
ment cycle to five years. To enable a direct comparison 
between values reported in the current Assessment and 
the 2017 Assessment, FIA-based metrics from the 2017 
Assessment were recalculated using the new national 

scale volume-to-biomass equations recently employed 
by FIA. Stand conditions in terms of elevated stand 
densities (see i1.2, above) and deviation from historic 
fire regimes (4.1) affect some portion of all owner-
ships. In general, increased wildfire, insect, and dis-
ease-related losses drive reductions in net growth on 
private corporate, NFS timberlands, and NFS produc-
tive reserved land compared to those reported in the 
2017 Assessment.

Forest Industry

For forest industry (3.9 million timberland acres 
throughout northern and central California), timber 
production is the primary objective, but sustainable 
forestry practices are required by the California FPRs, 
and in some cases occur through voluntary participa-
tion in third-party certification programs. In this anal-
ysis, forest industry includes landowners with more 
than 2,500 acres that are commercially harvesting 
trees. Forest industry landowners have demonstrated 
MSP on almost 3.9 million acres of planned treatments 
in either mandatory Option “a” or “b” documents, and 
with 61,000 acres that are additionally covered by a 
PTEIR (see i1.5, above). Alternatively, for owners 
with less than 10,000 acres, there is one WFMP with 
4,000 planned acres (see i1.5, above). Though not 
considered a long-term, analytical planning approach 
like the various MSP options and harvest plan types, 
landowners with 2,500 to 50,000 acres are satisfying 
MSP requirements on 469,000 planned acres in cur-
rently active THPs through use of the default Option 
“c”, which is based on stocking standards.

Softwoods comprise just over 98% of commercial 
timber harvest and come primarily from industrial 
timberland (Scott et al. 2024). Management for sus-
tained yield on corporate forestlands as a whole is con-
firmed by independent FIA data indicating that soft-
wood growth exceeds harvest and mortality by 41 ft3/
acre/year (see i1.1, above). However, this represents a 
14% decline in net growth compared to the recalculated 
2017 Assessment data. The multitude of other metrics 
that are important in evaluating forest sustainability, 
such as water quality or wildlife, are discussed in other 
chapters throughout the Assessment.
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Carbon offset projects remain a very important tool 
for industrial forest owners, since profit margins can 
be thin and adding an economic incentive is valuable. 
Landowners participating in these projects can sell off-
sets to increase or diversify income while contribut-
ing to GHG emission reductions. There is a 50% acre-
age increase in industrial land in carbon offset projects 
since the 2017 Assessment, at 316,000 acres (see i1.5, 
above). Similarly, forest certification is a very important 
business practice for industrial landowners, since it is 
required by major retailers. Since the 2017 Assessment, 
there is a 16% increase in industrial land under third 
party certification, for a current total of 4.2 million 
acres; however, acreage between different certifica-
tions may overlap (see i1.5, above). Lastly, there are 
approximately 221,000 acres of industrial timberland 
under permanent conservation easements, a portion of 
which include working forest conservation easements 
(see i1.5, above). 

Industrial owners on the North Coast, with the most 
productive timberland, are at the forefront of new man-
agement initiatives that take multiple resource objec-
tives and ecosystem services into account, though these 
approaches are being applied in other regions as well. 
Additionally, many landowners with more than 2,500 
acres that are commercially harvesting trees are man-
aging for multiple resource objectives and ecosys-
tem services. For example, Green Diamond Resource 
Company, which manages approximately 400,000 
acres of forestland on the North Coast, is certified for 
sustainability by the Forest Stewardship Council, has a 
Habitat Conservation Plan (HCP) to protect the north-
ern spotted owl, an aquatic HCP to protect several fish 
and amphibian species, a forest HCP, and a Safe Harbor 
Agreement with CDFW for the conservation and recov-
ery of the Humboldt marten. The company also is active 
in forest carbon markets on its lands in California and 
elsewhere in the U.S. (GDRC 2024). The Usal Redwood 
Forest Company is a subsidiary of the Redwood Forest 
Foundation, Inc., a private non-profit, Section 501(c)
(3) organization. Comprising just under 50,000 acres, 
the once heavily cut-over forestland that is now domi-
nated by Douglas-fir and tanoak is being managed with 
a focus on restoration through planting redwoods and 

practicing sustainable forest management for the pur-
pose of long-term community benefits. Their forest 
carbon project is one of the largest in the United States 
(Usal Redwood Forest Co 2020). Additionally, The 
Conservation Fund, with over 70,000 acres in the North 
Coast region, is managing with decreased harvest inten-
sities, longer rotation lengths, enhanced wildlife and 
aquatic habitat measures, and increased carbon seques-
tration (The Conservation Fund 2023). 

Nonindustrial

Owners with less than 2,500 acres are nonindustrial 
(PRC § 4593.2[b]). Nonindustrial private lands (3.3 
million acres of timberland) include a diverse group 
of owners who own land for a variety of objectives. 
Through the CAL FIRE Fire and Resource Assessment 
Program (FRAP) Management Landscape analysis dis-
cussed later, there is a total of 4.7 million acres of non-
industrial private forests, which includes some wood-
lands. An additional 5.4 million acres of less productive 
nonindustrial woodlands also exist. A separate FIA anal-
ysis indicates there are approximately 5.8 million acres 
of family forestland; however, these numbers are lim-
ited to parcels of 10 acres or more, and includes 1.1 mil-
lion acres of family LLCs (Limited Liability Companies) 
or LLPs (Limited Liability Partnerships) (Butler et al. 
2021). This FIA analysis also indicates that approx-
imately 55% of family forest landowners with parcels 
greater than 10 acres do not have a primary residence 
within one mile of their forestland, which can be a proxy 
for determining absentee owners. Information at the 
state level is not available for parcels less than 10 acres, 
as the survey sample size is small with high variance in 
the estimates. 

Based on national and California-specific surveys of 
small forest landowners, the most common reasons 
these owners cite for owning forestland in California are 
enjoyment of scenic beauty; protecting wildlife habitat, 
water resources, and nature; passing the land to heirs; 
and investment property (Ingram et al. 2022, Sass et 
al. 2023). Key concerns include wildfire, keeping land 
intact for future generations, climate change, drought, 
and insects and disease (Ingram et al. 2022).
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Overall, timber growth on nonindustrial ownerships 
far exceeds harvest and mortality by an average of 81 
ft3/acre/year, resulting in an accumulation of volume 
(see i1.1, above). This represents a 2% increase in net 
growth compared to the recalculated 2017 Assessment 
data. 

The state has tried to encourage more active sustain-
able management of these lands, for example by allow-
ing owners of less than 2,500 acres of timberland to 
streamline the THP process by preparing an NTMP. 
NTMPs have a core requirement for an assessment 
of MSP and long-term sustained yield based on an 
uneven-aged silvicultural prescription. These plans, 
which do not expire, also must include provisions for 
protecting environmental and ecological values. As of 
December 2023, there were 911 approved NTMPs cov-
ering about 355,000 planned acres, representing 11% 
of nonindustrial timberland acres (see i1.5, above). 
Since the 2017 Assessment, there is an 18% increase in 
approved NTMPs and an 11% increase in total acres. 
In addition to satisfying MSP requirements with an 
approved NTMP, alternatives for nonindustrial land-
owners include using a PTEIR, WFMP, submitting an 
Option “a” document, or through use of Option “c.” 
There are 44,000 planned nonindustrial acres under a 
PTEIR (see i1.5, above). Additionally, there are 1,000 
planned acres under the shorter-term planning hori-
zon currently in active THPs through use of the default 
Option “c” FPR standards. Carbon offsets and voluntary 
third-party certification are important to nonindustrial 
landowners as well. Since the 2017 Assessment, there 
has been an 8% decrease in nonindustrial carbon offset 
acres and a 25% increase in certified acres (see i1.5, 
above). Lastly, there are 227,000 acres of nonindustrial 
timberland under permanent conservation easements, 
a portion of which include working forest conservation 
easements. 

Public 
The USFS administers 8.7 million acres of the 9.1 mil-
lion acres of publicly owned timberland in California 

8	 Outside of wilderness areas, within one mile of a road, and have a slope of 70 degrees or less (WFR Task Force 2024d).

(USFS 2024b). These lands generally have much lower 
removal from harvest than private corporate and 
non-corporate lands given the USFS’s inherent multi-
use mission, extensive landholdings that cover diverse 
biogeographic conditions, and regulatory environment 
(see i1.1, above). In addition to its 8.7 million acres 
of timberlands, the USFS also administers 2.7 million 
acres of productive forestland that is reserved from 
timber harvest and 3.7 million acres of less produc-
tive forestland, a portion of which is also reserved from 
timber harvest.

According to FIA data, elevated stand densities occur 
on 4.3 million acres, or 57% of public lands, comprising 
63% of the area in need of stand density reduction treat-
ments (see i1.2, above). Based on another study con-
sidering wildland fire hazard potential, approximately 
70% of operational acres in need of stand density reduc-
tion treatments are on federal lands (5.2 million acres) 
(DeLyser et al. 2025). Across all NFS forestland in the 
last decade, there have been increases in tree mortal-
ity and decreases in tree growth, such that losses from 
mortality and limited tree harvest exceed gains from 
live tree growth (7.5). The highly disturbed portions 
of these forests are in the early stages of resetting (den-
sity, structure, composition, and extent) to a new equi-
librium that is being determined by factors including 
past management, climate change, wildfires, drought, 
and insects and disease. Across public lands, there are 
at least 1.1 million operationally feasible8 acres without 
an adequate natural seed source, at risk of vegetation 
type conversion, and in need of post-disturbance refor-
estation after increases in high severity burned area 
between 2019–2021. There is an additional 200,000-
acre backlog in reforestation needs from earlier dis-
turbances between 2010–2018. Preliminary estimates 
as of spring 2024 put the operationally feasible refor-
estation need on public lands at 1.5 million acres (WFR 
Task Force 2024d). One study projects that the NFS will 
lose 69% of its forest area (10.3 million acres) and accu-
mulate approximately 9 million acres of post-fire regen-
eration failure in the next 50 years, contributing 70% of 



38

California's Forests and Rangelands: 2025 ASSESSMENT

the overall forest area losses during this time (DeLyser 
et al. 2025).

When looking narrowly at only softwood growth on 
NFS timberland, growth slightly exceeds removals and 
mortality by an average of 10 ft3/acre/year (see i1.1, 
above). This represents a 72% decrease in net growth 
compared to recalculated 2017 Assessment data. In 
contrast, on productive NFS lands reserved from man-
agement for timber production (e.g., wilderness areas) 
where very little active management beyond fire sup-
pression occurs, softwood mortality from extensive 
wildfire and insect and disease activity exceeds growth 
for an average net loss of -27 ft3/acre/year. This rep-
resents a 1055% decrease in net growth compared to 
recalculated FIA data from the 2017 Assessment using 
the new FIA national scale volume-to-biomass equa-
tions. According to the agency, “Growing wildfire risk 
is due to accumulating fuels, a warming climate, and 
expanding development in the wildland-urban inter-
face. The risk has reached crisis proportions in the 
West... It will take a paradigm shift in land management 
across jurisdictional boundaries to reduce risk and 
restore fire-adapted landscapes” (USFS 2022a). For 
further discussion on development in the wildland-ur-
ban interface (WUI), see Chapter 11 (Wildfire Risk to 
Communities). 

Other public lands managed for multiple uses including 
timber production are certain BLM lands, Demonstration 
State Forests administered by CAL  FIRE, and prop-
erties owned by local agencies (e.g., the City of Arcata 
Community Forest). In 2023, the BLM approved the 
Statewide Wildland-Urban Interface Fuels Treatment 
Programmatic Environmental Assessment (BLM 2023) 
for California to “streamline plans to protect commu-
nities, reduce wildfire risk and improve forest health.” 
Work will be coordinated across ownerships with local 
and state agencies to create a landscape-level network 
of strategic fuels treatments. The BLM anticipates being 
able to treat an additional 20,000 acres of public land 
annually through this program. In 2023, the BLM entered 
into Good Neighbor Authority (GNA) Agreements with 
CAL  FIRE, the California Conservation Corps, and 
Caltrans to increase coordination for restoration, fuels 

reduction, and forest health projects on BLM-managed 
public lands in California. These agreements incorpo-
rate approximately $13 million in funding from the fed-
eral Bipartisan Infrastructure Law. 

Other public forestlands such as national and state 
parks are not actively managed for timber but often are 
managed for old-growth sized tree recruitment (e.g., 
Redwood National and State Parks [RNSP]) and wild-
fire hazard reduction (e.g., Yosemite, Kings Canyon, 
and Sequoia National Parks). In RNSP, restoration 
thinning, reforestation, and logging road rehabilita-
tion are currently underway as part of the “Redwoods 
Rising” project in two main areas—Mill Creek and 
Prairie Creek watersheds. The goal is to rehabilitate 
over 70,000 acres of second-growth forest in the next 
30+ years. Low-retention thinning treatments have 
been found to be most effective in accomplishing res-
toration objectives for second-growth stands in RNSP 
(Teraoka et al. 2017). Management in national roadless 

California Tree Mortality Data Collection Network plot mea-
sured in 2023 in the Stanislaus National Forest showing pine 
mortality and rapid snag fall following the bark beetle epidem-
ic. Photo provided by the Pacific Southwest Research Station, 
USFS.
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or wilderness areas is even more limited. However, 
these NFS system lands are experiencing massive levels 
of mortality and more active management may be 
needed to maintain the resilience of these ecosystems 
into the future. Recent research has identified 1.2 to 1.7 
million acres of large blocks (greater than 800 acres) of 
non-WUI federal forestland that could be managed as 
Strategic Fire Zones where beneficial fire could be rein-
troduced through natural ignitions and prescribed and 
cultural burning during favorable fire weather condi-
tions (North et al. 2024).

Tribal Lands
Before European settlement, California supported a 
diverse population of Native Americans with over one-
third of North America’s Native peoples living in the 
region from Oregon to Baja California. Over 100 lan-
guages and 300 dialects were spoken and sophisticated 
tending of the ecosystems they depended on occurred 
through pruning, coppicing, and maintaining low-in-
tensity fire regimes (FNDI 2020). Indigenous peoples’ 
holistic and spiritual view of the world recognizes that 
all beings and natural processes are interconnected and 
interdependent on one another, and that humans are 
related through kinship to the world that surrounds 
them (Romero-Briones et al. 2020, Tribal Adaptation 
Menu Team 2019). There are western analogs to this 
perspective in deep ecology (Devall and Sessions 2007) 
and some religious teachings (Stine 2020), however 
the overarching belief that accompanied European 
settlement was that nature was to be dominated and 
controlled. With the arrival of these settlers to North 
America, Indigenous peoples were systematically 
removed from their ancestral lands and were victims of 
genocide and disease. Their land stewardship practices, 
such as cultural burning, were outlawed in 1911 with 
the Weeks Act (Elasser 2022), creating lasting negative 
impacts to ecosystems, biodiversity, and human com-
munities (Hankins 2024). 

More recently, warming air, lake, and stream tempera-
tures; decreasing stream flows; harmful algal blooms; 
drought; variable precipitation; flooding; depleted 
groundwater; high severity wildfire; degraded air 
quality; and loss of native plants, fish, animals, and 

traditional foods are threatening the physical, cultural, 
and spiritual health and livelihood of California tribes, 
their habitats, ecosystems, and built environments (CA 
OEHHA 2022). Restoring opportunities for Indigenous 
land stewardship, integrating TEK with western sci-
ence, and restoring traditional fire regimes are import-
ant for ecosystem resilience (Karuk Tribe 2019). While 
the effects are often overlapping, tribal objectives can 
differ from traditional land management agency objec-
tives. For example, a cultural burn may be aimed at 
increasing plant diversity for food or medicinal uses, 
while the land management agency may be focused on 
fuels reduction within communities. By applying TEK, 
a wider range of ecosystem and cultural benefits may be 
provided. 

The importance of Indigenous land stewardship and 
relationships with their ancestral lands is increasingly 
being recognized by state and federal agencies. In fire-
adapted forests, there is increasing understanding of 
the level of burning by Indigenous peoples that shaped 
and maintained the forest structure that European set-
tlers saw when they first arrived in the West, as dis-
cussed further in Chapter 4 (Wildfire). Though the con-
cept of TEK is a western construct in itself, there are 
inherent challenges in making space for the intimate, 
spiritual nature of cultural burning and Indigenous 
stewardship practices within the secular government 
agencies that manage and regulate natural landscapes. 
However, there are newfound government-based efforts 
to integrate TEK and cultural burning into land stew-
ardship actions, such as through the WFR Task Force’s 
Strategic Plan for Expanding the Use of Beneficial 
Fire (Blumenfeld et al. 2022). Additionally, there are 
decades of wrong-doings towards Indigenous peoples 
that must be repaired. Tribal publications (e.g., Marks-
Block and Tripp 2021, Tribal Adaptation Menu Team 
2019) can provide guidance on how to build relation-
ships and trust and address barriers to Indigenous land 
stewardship. 

California Native American tribes are seeking to actively 
manage their ancestral lands, particularly with respect 
to the use of cultural fire (see box insert in Chapter 
4, Wildfire). Indigenous-led efforts are numerous 
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and critical to increasing resilience in a changing cli-
mate (Hankins 2024). One example is the Indigenous 
Stewardship Network, a recently established 501(c)
(3) nonprofit organization created through the Yurok 
Tribe. The organization works to advance community 
health and wellbeing, traditions, and cultural values 
through land stewardship led by Indigenous persons 
(Indigenous Stewardship Network 2024). Additionally, 
The Stewardship Project, under the Climate and Wildfire 
Institute, is “…supporting a partnership of tribes and 
western science to consider how current federal forest 
policy can incorporate insights from Indigenous prac-
tices to better steward the landscapes of the American 
West” (CWI 2022). The Stewardship Project works 
to advance policy proposals that address Indigenous 
rights to burn and co-manage wildlands; the manage-
ment of wildfires for resource benefit; and development 
of a workforce adequate to meet the treatment needs on 
federal lands.

A number of financial resources are now being made 
available to enable the collaborations needed to 
increase opportunities for Indigenous stewardship. For 
example, CAL  FIRE’s Tribal Wildfire Resilience grant 
program supports California Native American tribes in 
managing ancestral lands, implementing and promot-
ing TEK in wildfire resilience, and establishing wildfire 
safety for tribal communities (CAL FIRE 2024d). These 
efforts are discussed further in Chapter 4 (Wildfire).

With respect to timber resources, there are four reserva-
tions in California that are actively managed for timber 
production and other uses in accordance with their 
forest management plans (Hoopa Valley Tribe, Round 
Valley Indian Tribe, Tule River Indian Tribe, and Yurok 
Tribe). These lands are included in the private non-cor-
porate category in the FIA data, though some tribes may 
be conducting substantial amounts of commercial har-
vest. The Hoopa Valley Tribe was one of the first prop-
erties in California to undergo third-party certification 
for sustainable management. Both the Yurok Tribe and 
the Round Valley Tribe have projects that have been 
approved by CARB for sale of carbon offsets through 
improved forest management.

Carbon Offset Projects

Through photosynthesis and the carbon cycle, forests 
can potentially be leveraged for climate mitigation. 
Additionally, as stated above, carbon offset projects 
are an important tool for forest landowners to diversify 
income streams and contribute to GHG reductions. As 
part of California’s Cap-and-Trade Program (initially 
authorized under AB 32 [Nunez and Pavley 2006]), 
CARB has developed protocols for improved forest man-
agement, reforestation, and avoided conversion proj-
ects. Forest landowners can be issued carbon offsets by 
CARB or through the voluntary carbon market by reg-
istries such as Climate Action Reserve (CAR). Forested 
acres enrolled in this program have increased between 
2017 and 2022 (see i1.6, above). In 2017, CARB 
issued credits for 207,000 acres of Compliance Offset 
forest projects and 64,000 acres of Early Action projects 
in the state, while the CAR had 85,000 acres registered. 
As of December 31, 2022, 371,659 acres of forestland 
in California were enrolled in the program, all as CARB 
compliance forest projects (see i1.6, above). The early 
action projects have since expired, and project tracking 
and enrollment has consolidated considerably so that 
most CAR projects are now included in the CARB com-
pliance project data. 

Permanence of GHG benefits is a concern in wild-
fire-prone landscapes (Badgley et al. 2022). All but 
one California project is in or adjacent to Humboldt 
and Mendocino counties, typically highly productive 
timberland with relatively low fire and pest threat. All 
California projects are “improved forest management,” 
involving combinations of reduced harvest levels, 
longer rotations, and uneven-aged management, with 
the exception of one CAR project that also includes 
some even-aged management with actions to maintain 
stocking for optimal growth. Despite very large areas 
burned in wildfires in the past several years, only three 
forest areas being managed for carbon offset projects in 
2022 overlapped with wildfires that occurred in 2019–
2022, with a total of ~2,400 acres overlapped by the 
fires (see i1.6, above). This amounts to ~0.5% of the 
total forest area enrolled in carbon offset projects. Of 
the area within the fire perimeters, 13% was unburned, 
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35% was low severity fire, 45% was moderate severity 
fire, and only 7% was high severity fire. 

The Management Landscape

FRAP has developed the “Management Landscape” 
layer for forestlands9 (excluding woodlands) to summa-
rize and simplify how diverse and unique owner objec-
tives translate into broad timber management empha-
sis categories (e.g., high, medium, low, and no timber 
commodity emphasis, Figure 1.4) (CAL FIRE 2024b).10 
Management emphasis relates not only to harvest 
volume, but also to the silvicultural systems and prac-
tices used to grow and harvest timber and the level of 
associated ecosystem services provided.

In the past, industrial forestland was categorized by an 
acreage threshold (e.g., 50,000 acres or more) and own-
ership of wood processing technology. However, this 
definition has become increasingly complex due to 
changes in timberland ownership and management 
objectives. Some industrial landowners have downsized 
their holdings, and wood processing infrastructure has 
consolidated and decreased. Other landowners with 
diverse management objectives have amassed timber-
lands beyond the 50,000-acre mark. With private land-
owners seeking diverse income through carbon offsets 
and sustainability certifications, the focus has some-
times moved away from timber products as the primary 
output. This evolution has increased the complexity of 
defining and managing industrial forestland.

Statewide, only 15% of forestland (3.9 million acres) is 
high timber emphasis (Figure 1.4), where timber har-
vest is the primary objective (typically forest indus-
try owners). In California, high timber emphasis is 

9	 Based on 25.6 million acres of forestland, excluding 8.9 million acres of less productive woodlands, from FVeg/CalVeg. This differs from the 
FIA-based estimate of 32 million acres of forestland which includes all woodlands that have at least 10% canopy cover of trees of any size 
or has had at least 10% canopy cover of trees in the past. 

10	 Some errors in this analysis may exist due to overlaps, gaps, and misalignments of the different input spatial datasets used. These 
datasets also vary in how current they are; older data may have been used where more current data could not be obtained (e.g., CalVeg 
geospatial data for productive forestlands). This may result in outdated results in some areas. Additionally, some datasets used in the 2017 
Assessment were not available or complete (e.g., no updated CAL FIRE Forest Industry geospatial dataset available that included certified 
and uncertified spatial designations. Instead, a Forest Industry owner spatial layer was combined with non-spatial owner certification 
information; this required all acres for an owner to be set as certified or uncertified in their entirety, which is often, but not always, the case). 

11	 Conservation easement spatial data are not displayed due to landowner confidentiality requirements.

typically less intensive than in other states or even what 
was practiced here in the past. This is due to regulatory 
measures such as California’s FPRs that require long-
term sustained yield for large owners, initiatives such 
as voluntary enrollment in third-party certification 
programs, and other factors. Owners with high timber 
emphasis use both even and uneven-aged silvicultural 
systems. Additionally, 2.7% of high timber emphasis 
area is under permanent conservation easement.11 

The prevailing emphasis is medium (36% or 9.1 mil-
lion acres), which can be characterized as multiple-use 
management primarily using uneven-aged silvicultural 
systems. This includes: public timberlands, industrial 

High - 15%
Medium - 36%
Low - 17%
None - 32%
Non-Forest

County
Bioregion

Timber Management
Emphasis

Figure 1.4. Timber management emphasis classes. Data 
Source: CAL FIRE (2024b).
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landowners operating under special California FPRs,12 
nonindustrial owners managing under an NTMP, con-
servation organizations managing working forests, and 
any lands enrolled in the CARB carbon offsets program. 
Approximately 1.3% of medium emphasis area is under 
permanent conservation easement. 

Seventeen percent of forest is in low timber emphasis 
(4.4 million acres). This area is typically nonindustrial 
lands where timber is not one of the primary objectives 
for owning land. Approximately 3.4% of low emphasis 
is under permanent conservation easements. 

Finally, 32% of forest (8.2 million acres) is either legally 
or administratively withdrawn from timber production 
(e.g., wilderness, parks), protected conservation organi-
zation, or is in areas where timber harvest is not a viable 
option due to lack of wood processing infrastructure 
(e.g., southern California). Approximately 0.6% of these 
lands are under permanent conservation easements.

Figure 1.5 shows a more detailed view of management 
classes for Mendocino County. New management ini-
tiatives are concentrated here and in Humboldt County, 
typically on highly productive timberland. Forest indus-
try lands here tend to have third-party certification for 
sustainable management. There are carbon offset proj-
ects on timberlands owned by forest industry, numerous 
nonindustrial private holdings, conservation organiza-
tions, and tribal ownerships. Conservation organiza-
tions are very active here and in the northern interior in 
purchasing lands or easements to conserve working for-
ests. For example, Pacific Forest Trust, a nonprofit land 
trust and conservation organization, has four working 
forest conservation easement projects in the Klamath-
Cascade region of northern California totaling 57,000 
acres. 

Governor Gavin Newsom’s “30x30” initiative, led by 
CNRA, is aimed at conserving 30% of California’s lands 
and coastal waters by 2030 (CNRA 2022a, Newsom 

12	 All forest industry lands within the Southern Subdistrict of the Coast Forest District, and within the Coastal Zone as defined by the California 
Coastal Commission, both of which operate under special FPRs. 

2020). Lands that count towards the “30x30” goal must 
be “durably protected and managed areas” and gener-
ally encompass:

	y Areas under government ownership or control, 
primarily designated to protect species and their 
habitats. 

	y Areas under perpetual easements that protect spe-
cies and their habitats. 

	y Areas with species and habitat protection designa-
tions that have gone through a formal rulemaking 
or other enforceable decision-making process not 
subject to simple reversal (CNRA 2022a).

Additionally, lands that allow beneficial fire or other 
management techniques that mimic beneficial fire’s 
effects and that limit most other extractive management 
can count towards “30x30” (e.g., U.S. Geological Survey 
Gap codes 1 and 2, USGS 2021). Most forest areas that 
qualify for “30x30” fall in areas classified in FRAP’s no 
timber management emphasis category. Low timber 
emphasis areas where owners never intend to cut trees 
may be prime candidates for registration with the initia-
tive if they become durably protected through a mecha-
nism like a conservation easement. However, there are 
substantial areas in medium and high timber emphasis 
areas that would not qualify to contribute acreage into 
the “30x30” initiative. Substantial portions of these pro-
ductive timberlands are maintained as functioning for-
ests that provide significant ecosystem services, yield-
ing “complementary conservation measures” critical to 
“30x30” objectives. So, while timber-producing work-
ing forests and many NFS lands may not count towards 
“30x30” acreage because they are managed for multi-
ple resource objectives, these areas are considered buf-
fers that support “30x30” acres and provide net value 
to California. These forests that offer complementary 
conservation measures to “30x30” may be evaluated in 
the future and tracked over time to better understand 
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whether they can directly contribute toward “30x30” 
targets. 

Silvicultural Practices and Commercial Harvest
Changes in management emphasis on non-federal 
lands are also reflected in terms of trends in commercial 
harvesting activity and associated silvicultural practices 
(see i1.3, above). Between 1997 and 2022, there was 
an average of 165,000 acres of non-federal lands com-
mercially harvested per year, though overall during this 
time period there has been a steady significant decline 
in total acres harvested. Harvested acres in 2022 were 
about 60% of 1997 harvest acres. The number of acres 
harvested using uneven-aged systems have been fairly 
constant, despite the decline in total harvest acres (i.e., 
even-aged acres have declined). Thus, the percent-
age of acres harvested using uneven-aged systems has 

increased, from an average of 29% of harvested acres 
between 1997 and 2001, to 41% between 2011 and 
2015, before returning to 32% over the most recent 
five-year period of 2018–2022. In the CAL FIRE Forest 
Practice Coast Forest District, 57% of the 2011–2015 
period harvest acres were uneven-aged, decreasing to 
48% during the 2018–2022 period. 

Widespread tree mortality from drought, insects and 
diseases, and wildfire have contributed to a major 
increase in non-federal acres filed for harvesting under 
Emergency Conditions (CCR Title 14, § 1052.1[b]). 
Emergency (EM) and Exemption (EX) notices include 
allowing landowners to remove trees to restore oak wood-
lands, to remove dead, dying, and diseased  trees, and 
to remove trees to reduce the vertical and horizontal 
continuity of fuels, including for defensible space and 

Mendocino
Mendocino

High Emphasis

Forest Industry / Uncertified
Forest Industry / Certified

Medium Emphasis

Forest Industry / Special FPR
Forest Industry / Carbon offset project
Nonindustrial / NTMP
Nonindustrial / Carbon offset project
Conservation organization / Working
Conservation organization / Carbon offset project
Public / Working
Tribal / Carbon offset project

Low Emphasis

Nonindustrial / No NTMP

No Timber Emphasis

Nonindustrial / Non-timber zone
Public / Unavailable or non-timber zone
Conservation organization / Protected

Non-Forest

Usal Forest

Round Valley Tribal /
Carbon Offset Project

Jackson DSF

High
Medium
Low
None

Non-Forest

Timber Management Emphasis - Detailed Classes

Timber Management
Emphasis

Figure 1.5. Detailed FRAP management landscape classes for Mendocino County as of June 14, 2024. Data Source: CAL FIRE 
(2024b).
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fuel breaks. There are 1.3 million acres filed under EX 
notices, which allow for removal of dead and dying 
trees that amount to less than 10% of the total volume. 
Often, landowners will put their entire ownership in an 
EX Notice and address dead and dying trees wherever 
they occur. Most Emergency Notices, regardless of size 
or ownership, have a one-year permit life. If the land-
owner is not able to complete the work in one year, they 
can simply submit a new permit application to continue 
the work for another year. When harvested, severely 
burned areas are salvage logged, generally removing all 
dead trees similar to clearcut silviculture, while mixed-
burn severity locations are often salvage logged with 
single tree or small group silviculture. 

In the last decade, Emergency Notice harvests have 
made up a substantial portion of the total harvested 
area. There have been over 352,000 reported acres 
under post-fire Emergency Notices since the 2014 fire 
season. In 2022, 215,000 harvested acres, or 68% of 
the total harvested area, were covered by Emergency 
Notices following unprecedented wildfires in 2020 
and 2021. Regionally, Emergency Notices in 2022 
comprised 86% of total acres filed for harvest in the 
Sierra/Cascades ecoregion, 75% in the Central Coast 
and Interior Ranges ecoregion, 69% in the Klamath/
Interior Coast Ranges ecoregion, and 2% in the North 
Coast ecoregion. Notably, the proportion of uneven and 
even-aged acres filed through non-emergency timber 
harvest documents decreased dramatically during these 
years as Emergency Notice activity increased. 

Monitoring work on Emergency Notices on private 
lands conducted in 2019 and again in 2022–2023 indi-
cated that parameters related to erosion, sedimentation, 
and watercourse protection have generally reflected 
greater negative impacts than those reported for THPs, 
and that water quality-related impacts remained largely 
unchanged between the two sampling periods (Olsen et 
al. 2019, Olsen et al. 2025). Burn severity, inadequate 
best management practices (BMPs), ground-based 
operations, and project-specific settings (e.g., exposed 
bare soil, steep burned hillslopes) are primary factors 
driving these differences between salvage and green 
tree operations (Olsen et al. 2025). It should be noted 

that post-fire erosion in unmanaged areas was not eval-
uated.  Generally speaking, salvage logging can have 
a have a negative, neutral, or positive effect on water 
quality depending upon site factors and how the logging 
activities are conducted (Wagenbrenner et al. 2015), 
discussed further in Chapter 9 (Water Resources). 
Use of BMPs should be prioritized during the differ-
ent stages of post-fire salvage logging to reduce the 
potential for increased sediment delivery to water-
courses (Wagenbrenner et al. 2023). Areas where sal-
vage logging occurs may require additional remedia-
tion treatments that could further reduce impacts, such 
as mulching and seeding problematic areas, replacing 
fire-damaged culverts, repairing fire-impacted roads, 
rearranging dead fuels to prevent or disrupt sheet flow 
and erosion, and implementing rapid reforestation that 
can hasten hydrologic recovery. 

2020 Hog Fire salvage logged area in Lassen County. Photo 
from Olsen et al. (2025).

Harvest on federal lands tends to be much less exten-
sive than on non-federal lands. Using the Forest Activity 
Tracking System (FACTS) on federal lands, between 
2000 and 2021 there was an average of approximately 
3,800 acres per year of even-aged management, 68,000 
acres per year of uneven-aged management, and 4,600 
acres per year of salvage (DeLyser et al. 2025). Available 
data from the Interagency Treatment Tracking System 
on accomplishments in 2023 indicates uneven-aged 
management on federal forestlands totaled 53,146 
activity acres (WFR Task Force 2024c). Even-aged 
management is not included in the tracking system and 
salvage is indistinguishable in the existing categories. 
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The Forest Products Sector
In addition to the steady decline in the number of har-
vested acres since the 1990s (i1.3), there has also been 
a steady decline in harvest volumes and wood prod-
uct manufacturing (i1.4). These declines are driven 
by a combination of regulatory, economic, environ-
mental, and market factors discussed in this section. 
Nevertheless, demand for wood products is high—
California produces fewer wood products than it con-
sumes. Based on a 2017 snapshot of trade, approx-
imately two-thirds of the lumber used in the state is 
imported; approximately three-quarters of the plywood/
veneer and nearly all the non-structural panel, oriented 
strand board, and pulp/paper are also imported (Evans 
and Potts 2024). Meeting in-state demand requires 
importing lumber and wood products from other states 
and countries that often have less restrictive rules on 
forest practices. Forests in these other locations may 
also be experiencing substantial impacts, such as from 
climate change. The majority of lumber imports orig-
inate in Oregon, Washington, and British Columbia, 
in that order. Plywood/veneer is imported from other 
countries, Oregon, and the Southeastern United States; 
non-structural panel and oriented strand boards are 
imported primarily from other countries, British 
Columbia, and the Southeastern U.S. Paper is mainly 
imported from U.S. states outside of the Pacific Coast 
region, Oregon, other countries, and Washington; and 
pulp, chip, and wood pellet imports are minimal. 

Forest inventory data indicate that private corporations 
with forestland in Oregon and Washington are harvest-
ing nearly all they are growing. Coupled with the addi-
tional losses from mortality (approximately 11% and 
14% of gross growth in Oregon and Washington, respec-
tively), net growth is close to zero. This means that 
though harvest is slightly less than gross growth, when 
combined with mortality, average annual net growth 
on live trees is reduced and may be approaching zero 
or net loss when statistical uncertainty is included. In 
British Columbia, insect, disease, and wildfire mortal-
ity are nearly equal to losses due to harvest. Combined 
impacts on the timber harvesting land base from har-
vest, wildfire, and insects and disease are causing net 

carbon losses, which may impact wood supply in the 

future (Christensen et al. in press). There are many 

trade dynamics and factors at play, making it difficult 

to determine whether the extent to which reduced har-

vest in California may lead to increased harvest in these 

other places (i.e., leakage). As part of a long-running 

softwood lumber trade dispute, the U.S. Department 

of Commerce increased antidumping and countervail-

ing duty rates on Canadian softwood lumber in 2025, 

alongside additional import tariffs imposed by the 

Trump Administration. 

Aerial view of reforestation on Boggs Mountain Demonstra-
tion State Forest following the 2015 Valley Fire and extensive 
salvage logging. Photo: CAL FIRE.

Beginning in 1904, historic timber harvest volumes in 

California generally increased until a crash in the early 

1930s and then generally increased sharply until peak 

harvest in 1955 (see i1.4, above). Since then, timber 

harvest shows a major decline—total volume harvested 

in 2022 was 72% lower than peak harvest in 1955, with 

an all-time low at 85% lower than peak harvest in 2009 

due to the Great Recession. Since 2000, total harvest 

has generally stabilized around an average of 1,668 mil-

lion board feet. The number of sawmills follows a simi-

lar trend—there was a high of 675 sawmills in 1956 and 

only 31 in 2021 (Scott et al. 2024). Numerous factors 

are cited as reasons for these declines: 

	y Historically high timber harvest levels in the 1950s 

coinciding with the post-WWII housing boom.
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	y Forest industry transitioning from harvest of old-
growth timber to management of second-growth 
in the latter half of the 20th century. 

	y Increased regulation of timber harvest on pri-
vate lands, including the Z’Berg-Nejedly Forest 
Practice Act (effective 1/1/74). 

	y Increased protection for state and federally 
listed species, such as under the Endangered 
Species Act. For example, harvest from NFS lands 
declined steeply (see i1.4, above) after the list-
ing of the northern spotted owl under the federal 
Endangered Species Act in 1989 and passage of 
additional federal regulations such as the 1994 
Northwest Forest Plan (USFS and BLM 1994), 
along with changes in federal timber programs 
to reduce impacts to the California spotted owl 
(Morgan et al. 2004).

	y Other policy and regulatory changes and greater 
public demand and focus on ecological integrity 
and ecosystem services that resulted in reduced 
timber harvest on federal lands. 

	y Various market forces including concentration of 
milling capacity into larger, more efficient mills in 
fewer locations (Marcille et al. 2020, McIver et al. 
2015). Total milling capacity has scaled down to 
what is currently produced off federal and private 
timberlands. 

	y Wood products are a broadly available commod-
ity product. Economic and market forces such as 
global markets, recessions, recovery from reces-
sion, price, and competition impact production 
in California (McIver et al. 2015, Morgan et al. 
2012). 

The contribution from public lands to total harvest 
volume over the 1955–1990 period averaged about 
38%. It has stabilized at about 18% of total harvest in 
the state since the year 2000 at (see i1.4, above). In 
2021, federal harvest was 12% of total harvest (Scott et 
al. 2024). Between 1955–1990, private harvest com-
prised 66% of total harvest and since 2000 it comprised 
82% of total harvest (see i1.4, above). In 2000, private 

industrial comprised 48% of total harvest, increasing to 
70% of total harvest in 2021. Nonindustrial and tribal 
comprised 36% of total harvest in 2000 and decreased to 
18% in 2021 (Scott et al. 2024). Since 2000, private har-
vest levels (the bulk of which are forest industry) have 
averaged 1,369 million board feet (see i1.4, above). 
Annual fluctuations have been as much as 26% over this 
average in 2000 and 45% under in 2009. Future harvest 
levels are likely to fluctuate around this average based 
on various economic, regulatory, and environmental 
factors, as well as the capacity of infrastructure to pro-
cess harvested materials. In the most recent mill survey, 
salvage volume rose to 38% compared to 3% in 2016 
and just 2% in 2012 (Scott et al. 2024). Dead trees com-
prise 59% of pine volumes. 

While timber harvest and lumber production are gen-
erally at historically low levels, average output per mill 
is at a record high. Prior to 1950, numerous small mills 
operated in California, producing on average 6.5 mil-
lion board feet (MMBF) per mill annually. From 1970–
1990, average lumber production per sawmill increased 
steadily from approximately 31 MMBF per mill in the 
1970s to 69 MMBF per mill in the 1990s. Since 1990, 
average mill output has remained relatively stable, 
increasing slightly in 2021 to 77.2 MMBF per mill 
(Scott et al. 2024). In 2021, average mill production was 
approximately 2.5 times larger than the average mill in 
the 1950s when California lumber production peaked 
and many more mills were operating than today.

Increasing Pace and Scale of Restoration
Quantifying the Scope of Treatment Needs
The scope and extent of restorative treatments needed at 
the landscape scale, both in terms of acreage and treat-
ment intensity, is significant and challenging. Estimates 
of up to 7.1 million acres of timberland in need of stand 
density reduction treatments (i1.2) are aligned with 
other efforts to quantify the state’s fire hazard reduc-
tion needs. An analysis conducted by American Forests 
and CAL  FIRE of all forested acres on less than 70% 
slopes at high and very high fire hazard totaled 11 mil-
lion acres, about a third of all of California’s forests 
(DeLyser et al. 2025). Approximately seven of the 11 
million acres are considered more likely to be managed 
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based on a variety of criteria such as forest type, pres-
ence of critical wildlife habit, ownership, reserve status, 
etc. Approximately 70% of those acres are under federal 
land management. 

While climate change is expected to negatively impact 
forests, increasing the pace and scale of restoration can 
reduce losses of forest area while also increasing timber 
production. Under a high global emissions scenario 
(RCP 8.5) in the American Forests/CAL  FIRE study, 
California could lose up to 48% of its forest area and 
50% of its forest carbon due to future wildfire regimes 
and potential post-fire regeneration failure by 2070. A 
portfolio of strategies that includes 1.4 million acres per 
year of post-fire salvage and reforestation, stand den-
sity and fuel reduction treatments, and other actions 
across forestlands can reduce carbon losses to just 12% 
(DeLyser et al. 2025). With the focus on ecological res-
toration, by completing initial thinning treatments on 
these acres within 10 years followed by prescribed fire 
for all maintenance treatments, timber harvest volumes 
could potentially double over a 10-year period, with 
80% of the volume coming from federal lands. Removal 
of lower value, small diameter trees for which there are 
currently limited markets (Porter and Longcor 2020) 
would also increase. 

New processing capacity would need to increase sub-
stantially, perhaps doubling both sawmill and bioen-
ergy capacity to accommodate the increased removals 
associated with fire resilience and post-fire restoration 
treatments. For financial feasibility, new infrastructure 
will require a longer-term green timber supply than 
evaluated in this study. Where appropriate, consider-
ation of follow-up thinning treatments on a regular cut-
ting cycle intermixed with prescribed fire could help 
to address timber supply and costs. Restoration treat-
ments are estimated to cost up to $2 billion annually 
in addition to business-as-usual activities, with wood 
product revenues offsetting 39–50% of costs under 
moderate pricing assumptions (DeLyser et al. 2025). A 
similar study indicated an annual cost of $1.8 billion for 
treatments across forests, shrublands, and grasslands 
(CARB 2022b). 

A separate study for the California Energy Commission, 
focused on California mixed conifer, ponderosa pine, 
true fir, and Douglas-fir forest types, demonstrated 
a need to treat 400,000 acres per year for 40 years to 
reduce wildfire hazard, with the overall harvest volume 
similar to that of the high levels in the 1980s (Fried et al. 
2016). As with the American Forests/CAL FIRE study, 
there is a substantial increase in the amount of low 
value, small diameter material removed from the land-
scape. In the CARB 2022 Scoping Plan, under a high 
global emissions scenario (RCP 8.5) future increases 
in disturbance could lead to a 7% reduction in forest 
carbon between 2014 and 2045 under business-as-
usual management (CARB 2022b). Levels of vegetation 
management activities in the preferred scenario of 2.5 
million acres of treatments per year across shrublands, 
grasslands, and forests of California would still yield 
an 8% reduction in forest and harvested wood product 
carbon, though losses are reduced in the near-term. 

In addition to reducing fire hazard on the landscape, 
there is some level of treatment needed to maintain 
landscape resilience whether it is established through 
natural means, such as through low or moderate sever-
ity wildfire, or through active management. For exam-
ple, for stands at lower RD SDI thresholds as in i1.2, 
stands at low or moderate fire hazard potential such as 
those identified by DeLyser et al. (2025), or stands that 
have received an initial treatment, management actions 
will be necessary to maintain such a state, as through 
prescribed fire or other actions (e.g., every 10–15 years) 
(North et al. 2021). While these may represent lower 
priorities because they may currently be in a more resil-
ient state, they may also represent a landscape that 
is easier and less expensive to treat. Further, in cases 
where wildfire has already impacted much of the land-
scape and done the fuel reduction work already, it could 
be ecologically beneficial and lower cost to actively 
maintain that condition to prevent further degrada-
tion (see the box insert on beneficial fire in Chapter 4, 
Wildfire). 

State and Federal Goals for Forest Treatments
In recognition of the need for treatment across vast areas 
of California’s forests, initial collaborative state-federal 
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efforts set an annual treatment goal of 1 million acres 
by 2025 to achieve resilient forest conditions, including 
500,000 acres of non-federal lands and 500,000 acres 
of NFS lands (State of California and USFS PSW 2020). 
The path to the achievement of this one-million-acre 
goal was further refined through the WFR Task Force’s 
development of a comprehensive strategy titled the 
“Roadmap to a Million Acres” (WFR Task Force 2022b). 

However, more ambitious state goals have been estab-
lished more recently. Building in part on CARB’s 
2022 Scoping Plan, AB 1757 (Garcia and Rivas 2022) 
required CNRA, in coordination with other agencies, 
to develop NBS climate targets (CNRA 2024). Created 
with the guidance of an expert advisory committee, 
the targets address natural carbon sequestration and 
nature-based climate solutions that reduce GHG emis-
sions and improve community and ecosystem health 
and resilience (such as through wildfire risk reduction) 
on all land types (including forests) and seagrasses. 

The wildfire risk reduction targets address forests, 
shrublands, and grasslands collectively (an area of 71.3 
million acres, or about 70% of the state), providing 

targets for beneficial fire and other fuel reduction activ-
ities totaling 2.5 million acres per year by 2045 (Table 
1.2). Other targets focused on forests seek to address 
the current shift of forests from being a net carbon sink 
to a net carbon source, recognizing this shift results 
from a century of fire exclusion, historic harvesting that 
removed large, fire-resilient trees, and climate change 
impacts. Benchmarked to specific dates, the goals for 
other forest-specific actions total 735,300 acres in 2038, 
for example. AB 1757 directs CNRA to biennially pub-
lish, via its website, data on progress and expenditures 
made toward achieving the NBS climate goals, begin-
ning January 2025 (Garcia and Rivas 2022). 

Identifying and Addressing Challenges to 
Increasing Pace and Scale of Treatments

A variety of challenges impede increasing the pace 
and scale of forest restoration in California, limit the 
economic feasibility and amount of wood that can be 
removed from the landscape in restoration treatments, 
and limit the state’s ability to contribute more signifi-
cantly to meeting its own demand for wood products. 
Some constraints include lack of investment in new 
wood product processing infrastructure (i1.4) for 
both traditional and emerging wood products, decline 
in the skilled forestry and forest product processing 
workforce, and regulatory and implementation hurdles, 
especially for new wood processing capacity (Heard 
and Franklin 2023, LHC 2018, Porter and Longcor 
2020, Riddle 2023). Public sector barriers inhibit work-
force recruitment and retention (e.g., low federal wages, 
hiring freezes), which are further exacerbated by uncer-
tainty in funding (e.g., operating under continuing 
budget resolutions) (Heard and Franklin 2023, Riddle 
2023). These uncertainties are very significant under 
the current federal administration through budget 
cuts, freezes, reduction-in-workforce efforts, and major 
structural reorganization of federal land management 
agencies. Additionally, important regulatory oversight 
and public participation processes such as environmen-
tal review at times have the unintended consequence of 
delaying critical forest health projects. Some projects 
on public lands face potential for community opposi-
tion and litigation (LHC 2018, Riddle 2023). Even with 
increases in federal and state funding in recent years, 

Table 1.2. Selected nature-based solutions climate targets 

Vegetation Class and 
Activity 

Acres Treated Per Year by 
Benchmark Dates 

Forest, Shrublands and 
Chaparral, and Grasslands  2030  2038  2045 

Beneficial Fire  800,000  1,200,000  1,500,000 

Other Fuel Reduction 
Activities  700,000  800,000  1,000.000 

Total Activity Acres per 
Year*  1,500,000  2,000,000  2,500,000 

Forests 

Afforestation  52,900  52,900  52,900 

Conservation  55,100  55,100  55,100 

Restoration  322,100  462,100  322,100 

Working Forest 
Conservation  165,200  165,200  165,200 

Total Acres per Year  595,300  735,300  595,300 

Data Notes: 	
*The term “Activity acres” assumes that a given acre may receive 
more than one type of treatment (e.g., mechanical fuels reduction 
and prescribed fire), so the number does not necessarily reflect 
the total effective area treated or “footprint acres.”  

Data Source: CNRA (2024).
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funding remains an issue. In many instances, while 
costs from restoration treatments can be offset, either 
partially or fully, with timber product revenue, overall, 
treatment costs have been increasing in California. 

An analysis of two CAL FIRE datasets illustrates the 
magnitude of these increases. The California Forest 
Improvement Program (CFIP) is a cost-sharing pro-
gram between the state and private landowners. The 
inflation-adjusted reimbursable costs, referred to as 
the cap rates, for mechanical treatments increased 
from $371–$742/acre in fiscal year 2015–16 to $645–
$1,290/acre in fiscal year  2023–24, an average real 
annual cost increase of 8–11% per year. An analysis 
of planned costs from recipients of California Forest 
Health grant awards shows similar trends. Average 
inflation-adjusted treatment costs, across all types of 
forest health activities, increased from $1,456/acre in 
fiscal year 2017–18 to $2,669/acre in fiscal year 2022–
23, an average increase of 14% per year. 

It will be difficult to reach the WFR Task Force’s ambi-
tious annual treatment goals to achieve resilient forest 
conditions given the shortfalls in workforce capacity 
and mill infrastructure (discussed below), current high 
levels of natural disturbance, physical (e.g., slopes, site 
access) and administrative limitations (e.g., wilder-
ness designations) on mechanical operations, and the 
low value of the biomass to be removed to reduce stand 
densities. Identifying opportunities to manage wildfire 
from natural ignitions for resource benefit can contrib-
ute to the state’s restoration goals (Kreider et al. 2024, 
North et al. 2024). Pyrosilviculture, which coordinates 
mechanical thinning, prescribed burning, and managed 
fire, can be a useful approach to increasing pace and 
scale (North et al. 2021, York et al. 2021). Leveraging 
the fuels reduction work achieved through low and 
moderate intensity wildfire by maintaining those con-
ditions through follow up treatments, particularly pre-
scribed fire, can also help meet larger-scale restoration 
goals (see Chapter 4, Wildfire). 

State and Federal Leadership
Over the years, the state has made numerous efforts 
to address barriers that impede active management. 

The state Legislature and subsequent rulemaking by 
the BOF have expanded permissions to enable com-
mercial harvesting activities primarily for fuels reduc-
tion that are exempted from THP preparation (e.g., 
Exemption Notices). Additionally, programmatic man-
agement plans and other harvest plan types have been 
provided by the state to reduce the regulatory burden 
on non-federal landowners interested in conducting 
restoration treatments using uneven-aged silviculture 
or other lower disturbance practices to reduce environ-
mental impacts. 

Created in 2021 by Governor Newsom, the WFR Task 
Force is the overarching collaborative effort to address 
barriers and coordinate the efforts of federal, state, 
local, public, private, and tribal entities (WFR Task 
Force 2022a). The 2021 WFR Task Force Action Plan 
lists 99 individual key action items (WFR Task Force 
2021). Tracked by an on-line dashboard, as of early July 
2025, 40 of the actions were completed, eight were in 
final stages, 37 were ongoing, and 14 were in progress 
(WFR Task Force 2025b). In March of 2025, the WFR 
Task Force released its  2025 Key Deliverables, which 
include California’s top priorities and initiatives under-
way in 2025 to continue promoting wildfire and com-
munity resilience across the state (WFR Task Force 
2025a); many of the priorities and initiatives have been 
highlighted in the draft 2026 update of the Action Plan 
(WFR Task Force 2026). 

The WFR Task Force also has played a key role in advo-
cating for increased funding to address a variety of bar-
riers, and estimates that nearly $6 billion of state and 
federal funds have been invested for forest health and 
wildfire resilience projects and programs since 2021 
(WFR Task Force 2025a). These funds are dissemi-
nated through a number of programs discussed in the 
“Landowner Assistance” section of this chapter. They 
also include direct funding to agencies such as California 
State Parks for project implementation, the State and 
Regional Water Boards to simplify regulatory require-
ments, the California Conservation Corps to enhance 
workforce development, tribes to support forest health 
on tribal lands and cultural use of fire, the University 
of California system to increase technical advisory 
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capacity, and technological investments such as state-

wide LiDAR and broadened remote sensing-based mon-

itoring efforts. Regional investment strategies involv-

ing funding from multiple agencies were developed to 

finance large bundles of projects (scaling up), rather 

than support individual projects. Examples include the 

North Coast Resource Partnership, Healthy Eldorado 

Landscape Partnership (HELP), and the Southern 

California Partnership. Additionally, the WFR Task 

Force published four Regional Resource Kits to provide 

guidance and decision support tools to help regional 

and local entities plan, prioritize, and monitor vegeta-

tion treatments.

Prescribed fire in a mixed conifer forest at Blodgett Forest 
Research Station. Photo: CAL FIRE.

Great efforts and expenditures (mostly of public funds 

thus far) are being made to increase the pace and scale 

of restoration. In the past, treatment activity track-

ing has occurred separately among federal and vari-

ous state land management agencies, with inconsistent 

publicly available data for activities on private lands 

(Knight et al. 2022b). This siloed approach makes it dif-

ficult to understand business-as-usual levels of activity 

and increases above this to evaluate progress towards 

the ambitious goals within the state to increase the pace 

and scale of forest restoration. The WFR Task Force 

has developed a Wildfire and Landscape Resilience 

Interagency Treatment Dashboard for displaying 

13	 Activity acres may occur on the same footprint acres and include beneficial fire, grazing, mechanical hazardous fuel reduction, uneven-aged 
management, tree planting related actions, and watershed improvement actions.

recently completed forest and wildland projects from 
over a dozen different federal and state agencies (WFR 
Task Force 2024a). An analysis of available Interagency 
Treatment Tracking System data on accomplishments 
in 2023 indicate activity acres13 total 316,029 acres on 
non-federal forested lands and 272,834 acres on fed-
eral forested lands, for a total of 564,461 acres (WFR 
Task Force 2024c). Significantly, prescribed fire acres 
increased from 47,816 acres in 2022 to 149,429 acres in 
2023 (combined federal, state, and other landowners). 
Though progress is being made, it is widely acknowl-
edged that reaching the ambitious state and federal 
treatment goals will require a long on-ramp of planning 
and capacity building, including workforce development 
and broad collaboration. This build-up will require sig-
nificant, ongoing public funding to be successful. 

In recognition of an ongoing need to continue to address 
barriers to increase pace and scale, most recently in 
2025, Governor Newsom declared a state of emer-
gency due to catastrophic wildfire risks and directed the 
state to expedite critical fuels reduction projects by sus-
pending various state statutes, rules, and regulations 
that might slow the implementation of such projects 
(Newsom 2025). Protection of air quality, water qual-
ity, tribal cultural resources, and wildlife species and 
their habitat is still required to be implemented through 
various protection measures outlined in the Statewide 
Fuels Reduction and Environmental Protection Plan 
(CNRA and CAL EPA 2025). By the end of January 
2026, 116 projects have been approved with 26 com-
pleted and 102 underway for a total of 244 projects (Cal 
EPA et al. 2026).

At the federal level, in 2025 executive orders (U.S. 
President Trump 2025a, 2025b), followed by further 
directives from the Secretary of Agriculture and the 
USFS leadership (USDA 2025, USFS 2025a), empha-
sized the need to address catastrophic wildfire risks and 
increase domestic timber production immediately and 
as a matter of national security, while also seeking to 
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relax environmental regulations and permitting pro-
cesses, such as the National Environmental Policy Act 
(NEPA) and the Endangered Species Act. Specific direc-
tion from the USDA and the USFS indicates a goal of 
increasing timber production by 25% over the next five 
years and proclaims an emergency situation determina-
tion with regard to fire hazard. These goals are some-
what in contrast with other current federal efforts to 
reduce workforce and funding. 

Though implementation details are yet to emerge at 
the federal level, additional direction from the USFS 
emphasizes leveraging partnerships with states, tribes, 
and industry. This includes using GNA agreements; 
developing long-term supply assurances such as by 
using 10+ year contracts and agreements; adopting new 
technologies to assist with project implementation; pri-
oritizing post-disturbance salvage and reforestation; 
using programmatic agreements and emergency autho-
rizations to expedite National Historic Preservation Act, 
Endangered Species Act, and Clean Water Act review; 
reducing survey and consultation burdens; and chang-
ing or eliminating restrictive policies and regulations 
(USFS 2025b). California’s Environmental Protection 
Plan provides an example of how fast-tracking fuel 
reduction projects, reducing regulatory burden, and 
mitigation of adverse impacts can be approached. As 
stated earlier, a recent study indicates that by focusing 
on ecological restoration in California, timber harvest 
volumes can double over a 10-year period, with 80% of 
the volume coming from federal lands (DeLyser et al. 
2025). Though these volumes exceed the 25% increase 
called for at the federal level over the next five years, 
a balance is needed between sustaining a longer-term 
timber supply beyond five or 10 years to support 
increased infrastructure, achieving restoration goals at 
a faster pace, and use of thinning or prescribed fire for 
maintenance treatments in the future. 

Public Concerns about Expanded Treatments
As more acreage is treated and removals are increased, 
particularly through emergency means, public con-
cern may increase. Consequently, special consideration 
should be given to the resulting stand structure, species 
composition, and seral stages on the landscape to protect 

the ecosystem services provided by forests and safely 
reintroduce beneficial fire (North 2012). With increased 
levels of treatments occurring with less regulatory over-
sight on both private and public lands come increased 
public concerns about the results; thus, it becomes 
more important to ensure transparency through open 
project reporting, monitoring, and assessment of out-
comes, such as can be provided through on-line dash-
boards that provide both spatial and descriptive data 
(see Chapter 13, Institutional Response). 

In many fire-adapted forests, spatial variability in stand 
structure, such as variation in individual trees, clumps 
of trees, and openings (ICO) throughout the landscape, 
was both facilitated by frequent fire and promoted the 
low-severity effects that were characteristic of the fire 
regime (Churchill et al. 2013, North et al. 2009, North 
2012), with Indigenous burning playing a significant 
role in shaping and maintaining this landscape (Knight 
et al. 2022a). In some cases, it may be necessary to con-
sider methods such as density reduction treatments 
and/or prescribed fire to establish, enhance, and main-
tain mature and old-growth forests, which can further 
increase public concern (e.g., see giant sequoia box 
insert in Chapter 4, Wildfire). Recent federal efforts to 
inventory and analyze threats in mature and old-growth 
forests can help guide policy to foster resilience (USFS 
2023a, USFS and BLM 2024a, 2024b). 

Wood Products Processing Capacity, Markets, and 
Workforce

Though studies indicate that by focusing on ecological 
restoration there can be an increase in timber volume 
and biomass (Baker et al. 2020, CARB 2022b, DeLyser 
et al. 2025), and ambitious targets and efforts are under-
way to fast-track projects to increase the pace and scale 
of restoration and timber production, lack of wood pro-
cessing infrastructure, markets, and workforce remain 
limiting factors. The massive volumes of dead timber 
created following large-scale mortality events are also 
a challenge to existing milling infrastructure and can 
delay processing of green material. Despite recent 
increases in mill output, the general decline in the 
number of sawmills is of concern (see i1.4, above), par-
ticularly to nonindustrial owners left with limited or no 
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options to market their timber and public land manag-
ers looking to increase the pace and scale of restoration. 
Currently, in the Sierra Nevada, lack of wood processing 
infrastructure combined with relatively low value mate-
rial limits the ability of landowners faced with exten-
sive tree mortality and fire salvage to sell their timber 
and thereby secure funds for reforestation and other 
work to enhance forest resilience. Though emergency 
operations can help some landowners with economic 
recovery, in many cases economic impacts are negative. 
Many small nonindustrial timberland owners reported 
only breaking even or experiencing a financial cost to 
undertake salvage logging operations due to inadequate 
milling capacity and an inundated timber market fol-
lowing the historic fires of 2020 and 2021, as well as 
the expense of hiring licensed professionals (Olsen et 
al. 2019, Olsen et al. 2025). Emergency Notice harvest-
ing on private lands, however, has been valuable to the 
timber industry, allowing the companies to recapture 
some value to fund reforestation work. 

In addition to fire-killed trees, landowners need a 
viable method to remove small timber and harvest res-
idues from the landscape in a financially feasible way. 
Though burning residual material on site is often the 
most economical and logistically feasible option that 
serves an ecosystem function, in some circumstances 
wood utilization can provide local jobs and alterna-
tive sources of energy and fuel, and can be performed 
in areas and at times that mitigate threats to local air 
quality. Where there is financial value to utilization, it 
can improve the likelihood that a project occurs, though 
there may be tradeoffs with the ecological benefits of 
utilizing fire to dispose of material. Given the high cost 
of hauling logs relative to their value at the mill gate, 
having a nearby mill is critical to the economic viabil-
ity of timber harvest. In 2021, there was one less saw-
mill than in 2016, one less bark products facility, and 
five bioenergy facilities in the state that either closed 
or are not accepting forest biomass feedstocks (Scott 
et al. 2024). Export markets can be an alternative, as 
evidenced by California exporting approximately 9% 
of its harvest between 2010–2018 (Dillon and Morgan 
2023). Expanding the capacity to produce both tradi-
tional wood products (e.g., lumber, panels, biomass 

electricity) and innovative wood products (e.g., mass 
timber, biochar, clean fuels) presents an opportunity 
to improve the economic viability of forest restoration 
treatments (Elias et al. 2023, Porter and Longcor 2020), 
while increasing carbon stored in harvested wood prod-
ucts or offsetting fossil fuels used for energy (Cabiyo et 
al. 2021). 

There are many challenges to increasing capacity in 
both traditional and innovative wood product markets, 
such as improving project financing economics, secur-
ing long-term wood supply, increasing wood process-
ing infrastructure, and addressing regulatory barriers 
(Porter and Longcor 2020, Redmore et al. 2021). The 
WFR Task Force is currently developing a strategy to 
leverage existing state programs, as well as developing 
new programs, to increase wood utilization capacity in 
both the near and long run (WFR Task Force 2024b). The 
state’s plans to increase capacity by improving the eco-
nomic landscape for developers include supplying low-
cost bridge financing (iBank Climate Catalyst Fund), 
development grants (e.g., CAL FIRE’s Wood Products 
and Bioenergy Business and Workforce Development 
grants), favorable tax treatment (California Competes 
Tax Credit), and subsidizing forest restoration treat-
ment costs (e.g., CAL  FIRE’s Forest Health Grant 
program). 

The California Joint Institute for Wood Products 
Innovation, initiated in 2020 by the BOF, and 
CAL  FIRE’s Wood Products and Bioenergy Program’s 
Business and Workforce Development grants address 
a number of barriers related to wood processing infra-
structure and existing and emerging technologies to 
diversify wood products and markets. The Joint Institute 
seeks to provide forest product information, research, 
and analysis to increase economic drivers for healthy 
forests. CAL FIRE’s grants provide funding for business 
development and operations, including solid wood and 
biomass processing, manufacturing facilities, expand-
ing biopower generation and biofuels, and other proj-
ects that increase workforce capacity in the fields of log-
ging, fuels treatment, transportation, manufacturing, 
or other support services that bolster the development 
of a resilient forest sector workforce (CAL FIRE 2024a). 
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Since 2022, the program has awarded $105 million to 
90 grantees (J. McCarthy, personal communication, 
March 27, 2024). Bioenergy represents another area of 
expansion potential (discussed in detail in Chapter 12, 
Renewable Energy). Though there is an ongoing decline 
in the number of biomass plants in California (i12.2), 
at least five small biomass plants are in various stages 
of development because of SB 1122 (2012), known 
as the Bioenergy Market Adjusting Tariff (BioMAT) 
(Rubio 2012). Additionally, the state offers several bio-
energy grants, including one to create carbon-negative 
fuels from materials resulting from forest vegetation 
management in the Sierra Nevada (State of California 
2024). The USFS has also made substantial grants avail-
able to support wood products in California through 
its Forest Wood Innovations, Community Wood, and 
Wood Product Infrastructure Assistance programs. The 
grants are meant to incentivize innovation, build new 
markets for wood products and renewable wood energy 
from sustainably sourced wood, and increase the capac-
ity of wood processing facilities. Taken together, the 
2023 and 2024 funding cycles supported a total of 55 
projects totaling $27 million (USFS 2025c). 

Increasing pace and scale of forest restoration is also 
hampered by the current challenges California’s forest 
sector workforce faces. One study projects the work-
force to decline 10.7% by 2028, with smaller declines 
among logging equipment operators and woodworking 
machine setters, operators, and tenders (NSPDC 2021).​ 
About 58% of forest sector representatives surveyed 
cited lack of qualified workforce as a primary challenge 
to expanding and/or staying in business.​ The study 
states that the workforce is the smallest it has ever been 
and the need for qualified personnel is growing faster 
than the available talent pool, with a current inability 
to fill critical positions. Lack of available housing near 
forest sector businesses, high cost of living, negative 
perceptions of the industry among young people, lack 
of on-the-job training, and a disproportionately large 
amount of current personnel reaching retirement age 
all contribute to this small and declining pool of candi-
dates. Low and stagnant federal wages, mental health 
crises among our first responders, professional forestry 

licensing requirements, and barriers to workforce entry 
for formerly incarcerated firefighters are other chal-
lenges that have been identified (Heard and Franklin 
2023). Meanwhile, The Nature Conservancy has esti-
mated that the workforce will need to grow by 9,400 
jobs for California to meet its restoration goals (Heard 
and Franklin 2023). 

The Governor’s WFR Task Force Workforce 
Development Work Group is developing and promot-
ing training and vocational programs and other efforts 
to expand the forest sector workforce. A new Forestry 
Corps branch of the California Conservation Corps 
(CCC) has been established. The California Reforestation 
Pipeline Partnership is also establishing the California 
Cone Corps to recruit and develop the technical skills 
needed in the workforce to collect seeds, grow nursery 
stock, plant seedlings, and conduct research (WFR Task 
Force 2024d). CAL  FIRE’s Business and Workforce 
Development grants discussed above are also aimed 
at developing workforce capacity for in-woods, trans-
portation, and manufacturing jobs (J. McCarthy, per-
sonal communication, March 27, 2024). One such grant 
funds an effort led by the California Forestry Association 
called the “California Forestry Sector Jobs Initiative” to 
increase workforce diversity, ensure equitable opportu-
nities, and address the urgent need for proactive forest 
management through training, outreach and recruit-
ment, community engagement, and promoting resil-
ient forests (CalForests 2024). This grant program also 
has funded the development of new forestry degree 
programs, such as the Lake Tahoe Community College 
Forestry Education and Job Placement Program. The 
Tahoe Fund provided full scholarships to all forestry 
students in the inaugural year, with the intention of 
keeping it going as long as possible (Tahoe Fund 2024). 
In an integrated fashion, the local CCC crews were 
enrolled in the program to increase exposure and inter-
est in forestry and provide a meaningful educational 
experience to the crews. In part through a $3.3 mil-
lion grant received from the Foundation for California 
Community Colleges in 2022, Redding-based Shasta 
College has expanded its forestry and fire-safety train-
ing and related student support programs.
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Continued investment in workforce development pro-
grams; addressing barriers such as housing shortages, 
wage disparities, and lack of mental health resources; 
and expanding programs available to disadvantaged 
communities, inmates, and formerly incarcerated indi-
viduals is needed to build up the workforce needed to 
carry out the forest health and restoration projects at 
the pace and scale needed within the state. Additionally, 
the H-1B visa allows migrant workers into the coun-
try to fill critical roles in forestry, from reforestation to 
logging activities. This visa program has experienced 
inconsistencies through the years and recent significant 
changes. Improving and expanding the H-1B work visa 
program is important for providing labor for the work-
force (G. Gentry, personal communication, August 30, 
2023). 

Cone collection on Boggs Mountain Demonstration State For-
est, August 2023. Photo: CAL FIRE. 

Scientific Knowledge Gaps
Chapter 13 (Institutional Response) documents a sig-
nificant increase in the publication of peer-reviewed 

scientific research on forest and wildfire management 
in California. Yet, there remain many knowledge gaps 
in wildfire and forest health and resilience. Investment 
in research helps provide information on forest con-
dition and increases understanding of the effective-
ness of management actions. CAL FIRE’s Forest Health 
Research Program (FHRP) began in 2018 and as of 
August 2025, 116 projects have been awarded funding 
for a total of $48.6 million. These projects broadly sup-
port research on the following overarching themes:

	y Disturbance, recovery, and strategies for various 
types of landowners to increase forest resilience in 
an altered future climate.

	y Implementation, effectiveness, impacts, and 
tradeoffs of current and alternative management 
strategies to achieve diverse land management 
goals.

	y Contemporary range of variation and trends in 
fire regimes, forest conditions, and distributions 
in California ecosystems.

	y Forest products and utilization of forest resi-
dues related to fuel reduction and forest health 
treatments.

	y Human dimensions, socio-economic consider-
ations, and environmental justice issues related to 
forest health and wildfire management.

	y Improved prediction of wildland fire spread, 
behavior, severity, patch size, and potential 
impacts.

Collaborative Projects
Recognizing that ecosystems do not acknowledge own-
ership boundaries, effective management requires 
collaboration across all lands. Collaborative proj-
ects for forest resilience take many different forms in 
California. There are numerous examples of collab-
orative landscape-level projects designed to improve 
forest health, reduce fire threat, provide policy and pro-
cess improvements, increase wood/biomass utiliza-
tion infrastructure, contribute to local economic devel-
opment, and provide financial mechanisms for project 
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implementation. Successful collaboratives build trust, 
have a science-based approach, provide a mechanism 
outside of litigation to address conflicting stakeholder 
concerns, and facilitate work across multiple ownerships 
(LHC 2018). There are programs that support these 
collaborative efforts at the federal (e.g., Joint Chiefs’ 
Landscape Restoration Partnership, National Cohesive 
Wildland Fire Management Strategy, Collaborative 
Forest Landscape Restoration Program, Wildfire 
Crisis Strategy) and state levels (e.g., CAL FIRE Forest 
Health Initiative/Greenhouse Gas Reduction Fund 
grant program, Sierra Nevada Conservancy Watershed 
Improvement Program, California Department of 
Conservation [DOC] Regional Forest and Fire Capacity 
Program). They are also supported by collaborative 
agreements such as the Fire MOU Partnership (USFS 
2021), which is intended to increase the use of fire to 
meet ecological and other management objectives. 

The use of GNA Agreements and federal steward-
ship contracts with collaborators such as state agen-
cies can facilitate the work in collaboratives by allow-
ing partners to assist or take the lead on management 
of NFS lands. Work can include timber harvesting, fuel 
reduction, timber stand improvement, fuel break con-
struction, and many other restoration actions through 
manual, mechanical, herbivory, herbicide, and pre-
scribed fire application. The USFS and CNRA signed a 
10-year master GNA agreement in 2016. Three of four 
CAL  FIRE supplemental project agreements (SPA) 
are still active. Approximately 2,500 acres of forest 
health treatments have been accomplished on NFS 
lands. Under the active SPAs, work is planned to con-
tinue until the sunset of each agreement. Additionally, 
several projects led by CAL  FIRE are set to occur on 
BLM lands under the 2023 GNA statewide agree-
ment. Another 10-year agreement was recently signed 
between CAL  FIRE and the Klamath National Forest, 
with other standalone agreements in development (J. 
Fitch, personal communication, October 23, 2024). 
Through the use of federal stewardship contracts, local 
timber supplies can be increased, employment oppor-
tunities are created, and revenues are produced by the 
sale of the timber. These revenues in turn, are retained 
at the local Forest level rather than sent to the Treasury 

and are used to fund restoration and management proj-
ects. There are dozens of stewardship contract projects 
in California providing opportunities to local commu-
nities (USFS 2024a). In some cases, stewardship con-
tracts serve the purpose of creating relationships to 
involve local communities in the co-management of 
federal lands. For example, the Weaverville Community 
Forest (Trinity County RCD 2021) consists of USFS and 
BLM lands being managed by the local community to 
reduce fuel loads and generate timber for supplying the 
local mill. 

The following are examples of collaborative efforts 
recently underway that fall under programs, leverage 
agreements, and contracting mechanisms mentioned 
above. 

South Fork American River (SOFAR) Cohesive 
Strategy Project
The South Fork American River watershed was pro-
posed for implementing the National Cohesive Wildland 
Fire Management Strategy because of the many values 
at risk threatened by complex fire issues associated with 
drought, climate change, fuel loading, insects, and dis-
ease (South Fork American River Cohesive Strategy 
2024). 

A major component of SOFAR is the Fire Adapted 
50 Project. Under the terms of the GNA Agreement 
between CNRA and the USFS, the Eldorado National 

Sly Park fuel hazard reduction treatment area near Jenkinson 
Lake. Photo: CAL FIRE.
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Forest (ENF) has helped CAL  FIRE and the Sierra 
Nevada Conservancy (SNC) to fund fuels treatments 
in the Highway 50 (U.S. 50) corridor between Camino-
Pollock Pines and Echo Summit. This project comple-
ments major fuel treatments funded by CAL FIRE in the 
Sly Park area beginning in 2017. 

Dinkey Collaborative 
The Dinkey Collaborative is a diverse group of stake-
holders and California Native American tribes working 
with the USFS and other public agencies to implement 
the federal Collaborative Forest Landscape Restoration 
Project (CFLRP), covering 154,000 acres, including 
24,000 acres of private lands, in the Sierra National 
Forest. Restoration goals were accomplished through 
the GNA, grants, and agreements. Thinning and pre-
scribed fire activities are complete, making the project a 
valuable model for successful shared stewardship. 

Caples Creek Watershed Ecological Restoration 
Project (Caples Project)
The Caples Project was funded by the SNC and com-
pleted by the ENF to protect the Caples Creek water-
shed and surrounding communities. It was proposed in 
2015 and took place over four years. Two years before 
the 2021 Caldor Fire, fuels in the Caples Creek water-
shed were reduced through a mix of prescribed fire (425 
acres) and mixed severity wildfire (3,435 acres in the 
2019 Caples Fire). 

Evidence of the Value of Collaborative Forest 
Resilience Project Efforts
Several recent large damaging wildfires have provided 
evidence that fuels treatments implemented as part of 
collaborative projects have been successful in protect-
ing communities. Examples include: 

2021 Caldor Fire
The Fire Adapted 50 Project work was tested during the 
2021 Caldor Fire, which burned over 221,000 acres from 
Grizzly Flats all the way into the Lake Tahoe Basin. The 
fire initially burned toward the Highway 50 corridor, 
threatening a huge number of lives and structures. The 
goals of the project work in the Sly Park area included 
creating a fuel break to moderate fire behavior. This 

fuel break provided a safe and effective starting point 
for firefighters, which was important for protecting 
Pollock Pines and Sly Park during the fire (SNC 2021). 
Additionally, the treatment units performed well when 
subjected to USFS and CAL  FIRE backfiring for con-
trolling the fire; none of the units experienced the full 
force of the Caldor Fire. Similarly, fuel treatments con-
ducted by 21 partner agencies of the Lake Tahoe Basin’s 
Fire and Fuels Team (TFFT) allowed homes to be saved 
and firefighters to work aggressively in the Christmas 
Valley area. Fire intensity greatly diminished, with 
flame lengths dropping from 100–150 feet in untreated 
areas to 20 feet in fuel treatment areas (Avitt 2021). 
Additionally, prior low severity wildfire and treatments 
had a clear beneficial impact on Caldor fire severity in 
the Caples Creek Ecological Restoration Project area. 

2020 Creek Fire 
Large scale fuels reduction treatments implemented by 
the USFS and CAL FIRE took place for many years in 
the Blue Canyon area south of Shaver Lake prior to the 
2020 Creek Fire, which burned approximately 380,000 
acres in the southern Sierra Nevada Mountains. The 
treatments reduced the severity of the fire in the Blue 
Canyon area, protecting homes and defending the back-
side of Shaver Lake and Pine Ridge. A fuel break stud-
ied near Shaver Lake was found to alter fire behavior 
and reduce fire intensity, and it proved to be effective 
at reducing fire burn severity (Baijnath-Rodino et al. 
2023). In addition, much of the Dinkey Collaborative 
Forest Landscape Restoration Project area did not burn 
at high severity during the 2020 Creek Fire (approxi-
mately 15,000 acres did experience severe fire effects). 
More recently, the severity of the 2025 Garnet Fire was 
significantly reduced in areas where fuel treatments 
occurred within the Dinkey Collaborative (CAL  FIRE 
2026).

Landowner Assistance
Increasing active management on nonindustrial tim-
berland is dependent on factors such as public educa-
tion on the need for proactive work to achieve forest 
health and resilience to disturbance, engaging absentee 
landowners, regulatory costs, availability of technical 
and financial assistance, ability to market timber based 
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on access to wood processing infrastructure, and pre-

scribed fire liability insurance. Efforts within the state 

have been made to streamline regulatory processes to 

make it more possible for landowners to conduct forest 

treatments, such as through Emergency and Exemption 

Notices, NTMPs, the CalVTP, and the 2025 state emer-

gency declaration directing the state to expedite criti-

cal fuels reduction projects through the accompany-

ing Environmental Protection Plan process. Voluntary 

options such as NTMPs that reduce long-term regula-

tory costs while enhancing environmental protection 

have had limited success, with about 11% of nonindus-

trial timberlands enrolled (see i1.5, above). For land-

owners with less than 10,000 acres, there is the option 

to use a WFMP, although there is only one at this 

point. The Timber Regulation and Forest Restoration 

Program, established by AB 1492 (Blumenfield et al. 

2012), aims to benefit nonindustrial owners through 

streamlined harvest plan processing via the CalTREES 

online permit application system and funding for forest 

restoration projects. 

With only 11% of nonindustrial timberlands currently 

under NTMPs, it is important to consider what mech-

anisms are in place to assist small nonindustrial land-

owners given existing barriers to active management 

(e.g., reduced milling infrastructure). Collaborative 

projects can help smaller landowners by leveraging a 

variety of funding sources and reaching across own-

ership boundaries to accomplish management objec-

tives. Historically, the primary sources of financial and 

technical assistance to landowners were the Natural 

Resources Conservation Service (NRCS), through its 

Environmental Quality Incentives Program (EQIP) 

and Healthy Forests Reserve Program (HFRP), and 

CAL  FIRE through CFIP. CFIP is intended for land-

owners whose parcels are between 20 and 5,000 acres 

and supports activities such as forest management 

planning, reforestation and restoration activities, fuel 

hazard reduction, forest thinning, and fish and wild-

life habitat improvement. When funds are available, the 

Timber Regulation and Forest Restoration Program can 

provide support to programs including CFIP. 

CAL  FIRE administers the California Forest Legacy 
Program (FLP) (in partnership with the national pro-
gram administered by the USFS), which aims to secure 
the protection of working forests through conserva-
tion easements and fee title acquisition. California com-
petes annually for congressionally appropriated funds 
with other states. As of May 2024, over 168,000 acres 
of forestland have been permanently conserved, uti-
lizing over $30 million federal dollars and an undeter-
mined amount of state and private funds, represent-
ing a 51% increase in conservation easements since the 
2017 Assessment. Currently, the FLP is working on 12 
projects which will conserve an additional 60,000 acres 
of forestland following completion of the projects (P. 
Leuzinger, personal communication, May 24, 2024). 
The portion of the program in California administered 
by the USFS Pacific Southwest Region (Region 5) State, 
Private, and Tribal Forestry (SPTF) branch has pro-
vided an additional $122.5 million federal dollars and 
118,486 acres of forestland conservation easements (D. 
Walsh, personal communication, March 27, 2024).

Several new disaster funding sources are also now 
available. In September 2021, Congress passed Public 
Law 117–43 (Extending Government Funding and 
Delivering Emergency Assistance Act), which included 
supplemental disaster relief funding for California. 
These funds are also administered by USFS SPTF for 
(1) the post-disturbance recovery of private lands, and 
(2) for CAL FIRE to further accomplish actions identi-
fied in the 2021 WFR Task Force Action Plan, including 
increasing technical assistance, improving outreach, 
supporting forest health and maintenance treatments, 
establishing emergency forest restoration teams, and 
providing seedlings for reforestation. As of March 2024, 
$43.8 million dollars for restoration actions on nonin-
dustrial private forestlands and $32 million dollars on 
industrial forestlands have been granted to CAL FIRE 
and partner organizations to develop recovery assis-
tance programs, and to directly implement restoration 
actions on more than 20,000 acres of private forestlands 
in the state that experienced disasters between 2019–
2022. This funding includes establishment and support 
of several Emergency Forest Restoration Teams; devel-
opment of a Reforestation Pipeline Partnership between 
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CAL  FIRE, USFS, and American Forests; and educa-
tion programs developed by the University of California 
Cooperative Extension (UCCE) (P. Leuzinger, personal 
communication, July 15, 2025) (D. Walsh, personal 
communication, March 27, 2024). The USDA also has 
the Emergency Forest Restoration Program (EFRP), 
which provides up to 75% of the cost to implement res-
toration practices, with a cap of $500,000 for nonindus-
trial private landowners to restore their forested lands 
after natural disasters such as wildfire or insect and dis-
ease outbreaks (USDA FSA 2025).

Several existing and new CAL  FIRE grant programs 
have been bolstered since the 2017 Assessment. The 
Wildfire Resilience Block Grants program was initiated 
in 2020 to provide financial and technical assistance 
to nonindustrial landowners with parcels of five acres 
of more, complementing the CFIP program. Between 
2020 and 2024, 17 block grants have been awarded 
totaling over $37 million dollars. The deliverables from 
these grant awards are estimated at putting 15,837 
acres under management and assisting 2,688 private 
nonindustrial landowners (P. Leuzinger, personal com-
munication, July 15, 2025). The Forest Health Program 
has funded landscape-scale, regionally-based proj-
ects in fuels reduction, prescribed fire, and reforesta-
tion to improve forest health and provide measurable 
GHG emission reduction benefits. Between 2017 and 
2023, approximately $520 million dollars have funded 
projects covering over more than 410,000 unique acres. 
These projects are anticipated to store nearly 14 mil-
lion tons of carbon dioxide equivalent (CO2e) over their 
lifetimes (M. Sintetos, personal communication, March 
27, 2024). The Tribal Wildfire Resilience Program pro-
vides California Native American tribes with resources 

to implement and promote TEK, cultural use of fire, 
workforce development and training, and environmen-
tal planning and permitting. Between 2020 and 2024, 
$24 million dollars were allocated to fund 16 projects 
(J. Inzunza, personal communication, July 17, 2025). 
Additionally, Wildfire Prevention grants fund projects 
in and near fire threatened communities to improve 
public health and safety. From 2014 through June 
2024, 956 grants have been awarded for a total of $650 
million (N. Burke, personal communication, September 
8, 2025). 

Leveraging the WFR Task Force funding, the DOC’s 
Regional Forest and Fire Capacity (RFFC) Program 
has provided funding focused on building fire resilient 
communities by improving ecosystem health, commu-
nity wildfire preparedness, and fire resilience. In 2023, 
$72 million was awarded, bringing the program’s total 
investments to $140 million (CA DOC 2023).

Technical assistance and education are also import-
ant tools to assist landowners. The UCCE, California 
Society of American Foresters (CAL SAF), California 
Licensed Foresters Association (CLFA), Resource 
Conservation Districts (RCDs), the CAL  FIRE Forest 
Stewardship Program, and other organizations offer 
technical assistance and educational workshops, train-
ings, and webinars to resource management profession-
als and landowners. The number of workshops geared 
towards nonindustrial landowners affected by wildfires 
and bark beetle epidemics has increased considerably 
in the past five years, in part due to increased WFR Task 
Force funding that has allowed the UCCE program to 
add 11 additional Wildfire Science Advisors throughout 
the state.

OPPORTUNITIES 
Emphasize a Variety of Approaches to Resilience 
Treatments that Restore Ecological Processes and 
Function under a Changing Climate

	y Increase use of thinning and prescribed burning 
to reduce wildfire risk, restore forest health, and 
restore ecological processes such as beneficial fire 
in fire-adapted forests.

	y Use indicators in this assessment (e.g., i1.1 and 

i1.2) and other analyses (DeLyser et al. 2025) to 

inform the development of science-based forest 

management policies and targets, such as the 

CNRA’s NBS natural and working lands targets 

(CNRA 2024).
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	y Implement treatments that establish variety 
in stand density and structure, duly consider-
ing forest type (e.g., coast redwood versus Sierra 
mixed conifer forests) and landscape characteris-
tics such as slope, aspect, and topographical posi-
tion (e.g., ridgetops vs. valley bottoms) to create 
a heterogenous landscape that can support ben-
eficial fire while still providing other important 
ecosystem services such as wildlife habitat (Ng et 
al. 2020, North 2012). In many fire-adapted for-
ests, spatial variability in stand structure, such as 
variation in individual trees, clumps of trees, and 
openings (ICO) throughout the landscape, was 
both facilitated by frequent fire and promoted the 
low-severity effects that were characteristic of the 
pre-European fire regime (Churchill et al. 2013, 
North et al. 2009, North 2012).

	y Treatments should consider resulting tree spe-
cies composition—targeting advantageous spe-
cies adaptations can allow forests and their over-
all function to persist on the landscape (Nagel et 
al. 2017).

	y Use adaptive management aimed at a mixture of 
goals including resistance, resilience, and facil-
itating transition in response to change because 
while historic and contemporary reference con-
ditions are valuable to understand what resilient 
forest conditions have been, climate change is 
shifting the targets as to what might be resilient in 
the future (North 2012, North et al. 2022). 

	y Continue investment in research to address 
knowledge gaps in managing forests for resilience 
in a changing climate, such as through CAL FIRE’s 
FHRP grants.

Support Increased use of Pyrosilviculture, including 
Managed Wildfire, on Public Lands When and Where 
Appropriate 

	y Utilize pyrosilviculture, which coordinates 
mechanical thinning, prescribed burning, and 
managed fire, to help increase the pace and scale 
of fuels reduction treatments (North et al. 2021, 
York et al. 2021). 

	y Identify opportunities to manage wildfire from 
natural ignitions for resource benefit, which can 
contribute to the state’s restoration goals (Kreider 
et al. 2024, North et al. 2024).

	y Leverage the fuels reduction work achieved 
through low and moderate intensity wildfire by 
maintaining those conditions through follow up 
treatments, particularly prescribed fire, to help 
meet larger-scale restoration goals (see Chapter 4, 
Wildfire). 

Support Climate-Smart Reforestation
	y Support a massive reforestation effort that is 

urgently needed to restore forests in some post-
fire landscapes and reduce current and pro-
jected forest area and carbon losses in the future 
(DeLyser et al. 2025, WFR Task Force 2024d). 
Reforestation to avoid vegetation type conver-
sion is critical and dependent on timely and suc-
cessful implementation of the various reforesta-
tion strategies, as well as continued investments 
in managing plantations for resilience to future 
disturbance.

	y Address specific elements of the reforestation 
process, known as the “reforestation pipeline,” 
including seed collection, project planning, nurs-
ery production, site preparation, planting, vege-
tation management, and monitoring (WFR Task 
Force 2024d), such as through the California 
Reforestation Pipeline Partnership (see Post-fire 
Restoration box insert for details).

	○ Continue investments being made to expand 
capacity for seed collection and nursery pro-
duction (WFR Task Force 2024d). 

	○ Consider efforts to replace older seedlots in 
storage at the USFS Placerville Nursery and 
CAL FIRE L.A. Moran Reforestation Center. 
Given current limitations in reforestation 
capacity, prioritize planting locations that 
are most in need and have the best potential 
for successful survival, and re-evaluate and 
adapt planting activities to enhance seedling 
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survival and future proliferation in a chang-
ing climate. 

	y Utilize adaptive reforestation practices to assure 
successful regeneration, including adjusting seed 
zones, utilizing seed orchards that contain broadly 
adapted selections, and placing greater emphasis 
on genotype selection for drought avoidance and 
tolerance traits. 

	○ Reforestation based on historically estab-
lished seed zones may not be successful 
under a changing climate for some species 
(Thorne et al. 2016). Several tools exist to 
support planning, prioritization, and seed 
zone selection decisions (e.g., PostCRPT, 
PReSET, SST, CAST). 

	y Fund research to better understand post-fire natu-
ral regeneration success and failure for better cali-
bration of reforestation decision-support tools. 

	y Use adequate BMPs to minimize impacts on forest 
soils and water quality from salvage operations, 
which are needed to reduce future reburn poten-
tial, prepare the landscape for safely conduct-
ing reforestation activities, and improve seedling 
survival. 

	y Employ variable planting densities for post-fire 
reforestation that accounts for site topographic 
configurations and seeks to establish a forest 
structure of individual trees, clumps, and open-
ings (ICO) (Meyer et al. 2021, North et al. 2019). 
Variety in stand structure is a key component for 
restoring ecological processes and function of 
forests. 

	y Conduct follow-up treatments (e.g., prescribed fire 
or thinning) and survival monitoring to enhance 
the success of reforestation efforts and adaptive 
management. 

	y Maintain conditions to promote resistance of 
remaining live tree islands within large fire areas 
to help preserve natural seed sources. 

	y Support research for experimental planting areas 
to test new approaches for increasing the use of cli-
mate-smart reforestation approaches (e.g., AMEX 
2024). Given the limitations of tree improvement 
programs and common garden studies, experi-
ments that test the ability of trees to resist mul-
tiple stressors including drought, temperature, 
insects, and pathogens are critically important.

Maintain the Current High Level of Public Grant 
Funding for Collaborative Landscape-Level Forest 
Health, Resilience, and Fire Prevention Activities and 
Research to Improve Social-Ecological Resilience 
Successful collaboration involving state and federal 
agencies, tribes, local communities, NGOs, and other 
stakeholders is critical to advancing forest resilience at 
scale. The primary constraints on collaborative projects 
are funding and capacity. 

	y Continue state funding to support wildfire and 
forest heath and resilience, such as from Cap-
and-Trade Program-generated California Climate 
Investment funds, the California voter-approved 
2024 Proposition 4 “Climate Bond” (which pro-
vided $1.5 billion in additional funding), and 
other appropriated dollars.

	y Continue funding support for collaborative 
efforts by federal agencies. Though funding has 

Post-fire reforestation AMEX study, Mountain Home Demon-
stration State Forest. Photo: CAL FIRE. 
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historically been strong, such as through the 2021 

Bipartisan Infrastructure Law (U.S. Congress 

2021) and the 2022 Inflation Reduction Act 

(USDA 2024a, 2024b), there is major uncertainty 

about currently allocated and future federal fund-

ing under the current federal administration (see 

Chapter 13, Institutional Response, for further 

discussion). 

	y Ensure the state and federal workforce and orga-

nization is sufficient to support increasing the 

pace and scale of restoration, participating in col-

laborative efforts, and effectively administering 

grant programs. 

Continue to Explore, Implement, and Support Ways 
to Increase Active Sustainable Management on 
Nonindustrial Timberlands

	y Continue to expand and explore efforts to stream-

line regulatory requirements and permitting and 

to reduce costs. For example, use of NTMPs could 

be expanded to more of the privately owned for-

ested landbase, since the uneven-aged manage-

ment and ecosystem services emphasis required 

in NTMPs can improve forest resilience.

	y Expand technical and/or financial assistance pro-

grams like CAL  FIRE’s CFIP, NRCS’s EQIP, the 

USFS Disaster Recovery Program, and the USDA 

EFRP to support fire resilience treatments and 

reforestation operations after widespread tree 

mortality and wildfires on nonindustrial lands.

	y Increase availability of appropriate reforestation 

seedlings for small landowners, such as through 

efforts of the multi-agency Reforestation Pipeline 

Partnership. 

14	 It is a matter of significant concern that at the time of completion of this Assessment, the USFS is experiencing major uncertainty in both 
funding and staffing levels through budget cuts, reduction-in-workforce efforts, and major organizational restructuring. It is unclear how the 
needed increases in pace and scale will occur on these lands amid these current challenges. 

Continue to Support Ways to Maintain Active 
Sustainable Management on Industrial Timberlands

	y Continue to ensure the California FPRs are suffi-
cient to confirm sustained yield is occurring and 
ecosystems are protected. Efforts to support con-
tinued sustainable management on these lands 
will help maintain the value of timber and pre-
serve these lands as forestland. 

	y Continue support for the use of sustainability ini-
tiatives, such as carbon offset projects and forest 
certification.

	y Address various barriers to increase the pace 
and scale of forest restoration, such as increasing 
workforce capacity and mill infrastructure, which 
will support active management on these lands in 
general. 

	y Establish working forest conservation easements 
on industrial forestlands such as through state 
and federal forest legacy programs, protecting 
them from development, establishing high stan-
dards for protecting ecological resources, and pro-
viding the landowner with significant immediate 
economic benefits and tax credits. 

	y Employ relevant opportunities identified through-
out this section that address forest resilience, as 
working forests face many of the same threats as 
other forests, such as increased drought, wildfire, 
and insect and disease outbreaks.

Promote More Active Sustainable Management of 
National Forests to Improve Forest Health, Reduce 
Wildfire Threat, Support Local Economies, and Facilitate 
Post-Disturbance Restoration

	y Ensure the USFS has adequate staffing, funding, 
and organization to conduct sustainable active 
management.14 
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	○ It is critical for the USFS to increase active 
management of NFS lands, given the federal 
acreage potentially in need of stand den-
sity reduction treatments, the reforestation 
backlog, the overall goal of treating 500,000 
acres per year on federal lands, projections of 
disturbance impacts on federal lands in the 
next 50 years (DeLyser et al. 2025), and the 
majority of federal forestlands in California 
being in the NFS. 

	y Support federal efforts to achieve sustainable 
timber harvest targets for individual National 
Forests that also contribute to forest health and 
resilience.

	y Supplement federal funding and resources 
through state, private, and non-profit resources 
(e.g., CAL FIRE Forest Health grants). 

	○ This is particularly important when the 
main objective is not commercial timber 
harvest but rather ecological restoration to 
improve forest health and restore natural 
fire regimes, which can still require removal 
of merchantable trees that can partially or 
fully offset costs and support expansion of 
mill infrastructure. 

	y Continue federal collaboration and support to 
increase active management through efforts and 
programs such as the Joint Chiefs’ Landscape 
Restoration Partnership, National Cohesive 
Wildland Fire Management Strategy, Collaborative 
Forest Landscape Restoration Program, Wildfire 
Crisis Strategy, and participation in the WFR Task 
Force. 

	○ Direction within the agency continues to 
emphasize coordination and collaboration 
with state and tribal partners through the 
use of creative authorities and contracting 
mechanisms such as the GNA and steward-
ship contracts. State and local agencies and 
other stakeholders involved in numerous 

collaborative projects with the USFS should 
continue and increase the use of these mech-
anisms to facilitate forest resilience work on 
federal lands (USDA 2025, USFS 2025a). 

	y Maintain previously allocated federal funding tied 
to several ongoing efforts, such as previous alloca-
tions of billions of dollars through the REPLANT 
Act in the 2021 Bipartisan Infrastructure Law 
(U.S. Congress 2021) and the 2022 Inflation 
Reduction Act (USDA 2024a, 2024b). 

Restore and Develop Opportunities for Indigenous 
Land Stewardship and Relationships with Indigenous 
Peoples of California

	y Increase recognition of the importance of revital-
izing cultural practices, including promoting cul-
tural burning, engaging tribes, and using TEK in 
developing management guidelines.

	y Integrate TEK and cultural burning into land 
stewardship actions, such as through the WFR 
Task Force Strategic Plan for Expanding the Use 
of Beneficial Fire (Blumenfeld et al. 2022). 

	y Support Indigenous-led efforts, such as the 
Indigenous Stewardship Network.

	y Acknowledge the decades of wrong-doings 
towards Indigenous peoples that must be repaired 
and work to build relationships and trust in col-
laborative land management efforts. 

	○ Tribal publications (e.g., Marks-Block and 
Tripp 2021, Tribal Adaptation Menu Team 
2019) can provide guidance on how to build 
relationships and trust and address barriers 
to Indigenous land stewardship. 

	y Continue to provide financial resources, such as 
through CAL  FIRE’s Tribal Wildfire Resilience 
Grants Program, to enable the collaborations 
needed to increase opportunities for Indigenous 
stewardship. These efforts are discussed further 
in Chapter 4 (Wildfire).
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	y Continue commitment at the federal level to the 
USFS Region 5 Tribal Relations Strategic Plan 
(USFS 2023e).

Increase Transparent Monitoring and Assessment to 
Track Trends in Forest Health and Disturbance Regimes 
and to Evaluate Management Outcomes and Progress 
Towards Statewide Goals 
Frequent monitoring is needed to track trends in forest 
health and disturbance regimes and to evaluate man-
agement outcomes and progress towards statewide 
goals, given the rapid changes California’s forests are 
experiencing from natural disturbance and the ambi-
tious restoration targets.

	y Continue coordinated interagency tracking of 
treatment activity through the WFR Task Force 
Wildfire and Landscape Resilience Interagency 
Treatment Dashboard to better evaluate progress 
towards the ambitious goals within the state to 
increase the pace and scale of forest restoration. 

	y Continue support for the USFS FIA program, 
which provides detailed information on the health 
and condition of public and private forests and the 
drivers of change. 

	○ Maintain federal funding and staffing to fully 
implement the FIA program at the USFS. 

	○ Maintain funding for CAL FIRE efforts that 
began in 2021 to increase the frequency of 
the FIA field plot remeasurements from 
every 10 to every five years (FIA intensifi-
cation), which improves the state’s ability 
to evaluate rapid changes to the health and 
condition of California’s forests. 

	y Continue support for acquisition and processing 
of remotely sensed data, such as CNRA’s invest-
ment in new statewide LiDAR and change detec-
tion and assessment technologies (NASA 2025). 

	○ Remote sensing-based methods of monitor-
ing forest conditions can provide important 

information and sometimes at more fre-
quent intervals than the FIA program. These 
methods include utilizing high-resolution 
remotely sensed imagery, such as National 
Agriculture Imagery Program (NAIP), 
Sentinel-2, and LiDAR, to track forest health 
conditions such as climatic water deficit, veg-
etation changes and disturbances, canopy 
structure, and management outcomes. 
Remotely sensed data are often enhanced in 
conjunction with ground-based FIA data.

Expand Capacity to Produce Traditional and Innovative 
Wood Products 

	y Increase capacity to utilize sub-merchantable bio-
mass and small logs, since the restoration treat-
ments envisioned by the state produce these low 
value products in greater proportion to valuable 
large sawlogs. 

	y Expand the capacity to produce both traditional 
wood products (e.g., lumber, panels, biomass elec-
tricity) and innovative wood products (e.g., mass 
timber, biochar, clean fuels), which presents an 
opportunity to improve the economic viability of 
forest restoration treatments (Elias et al. 2023, 
Porter and Longcor 2020) while increasing carbon 
stored in harvested wood products (Cabiyo et al. 
2021, DeLyser et al. 2025).

	y Continue efforts to address barriers related to 
existing and emerging technologies to diver-
sify wood products and markets, such as through 
the BOF’s Joint Institute for Wood Products 
Innovation and the WFR Task Force.

	y Continue efforts to increase capacity in both the 
near and long-term, such as the development of a 
strategy by the WFR Task Force to leverage exist-
ing state programs and develop new programs 
(WFR Task Force 2024b).

	y Provide sustainable, long-term wood supply to 
encourage expansion of new and existing wood 
processing infrastructure. Recent USFS direc-
tion emphasizes the use of 10+ year contracts and 
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agreements to develop long-term supply assur-
ances (USFS 2025b). 

	y Continue state efforts to improve the eco-
nomic landscape for wood product developers 
by supplying low-cost bridge financing (iBank 
Climate Catalyst Fund), development grants 
(e.g., CAL FIRE’s Wood Products and Bioenergy 
Business and Workforce Development grants), 
and favorable tax treatment (California Competes 
Tax Credit), and by subsidizing forest restoration 
treatment costs (e.g., CAL  FIRE’s Forest Health 
Program). 

Support Development of the Professional, Semi-Skilled, 
and Labor Workforce Needed for Forest Resilience 
Work and Wood Products Manufacturing

	y Continue WFR Task Force Workforce Development 
Work Group efforts to develop and promote train-
ing and vocational programs and other efforts to 
expand the forest sector workforce, including the 
new Forestry Corps branch of the CCC. 

	y Continue the California Reforestation Pipeline 
Partnership establishment of the California 
Cone Corps to recruit and develop the technical 
skills needed in the workforce to collect seeds, 
grow nursery stock, plant seedlings, and conduct 
research (WFR Task Force 2024d). 

	y Continue CAL  FIRE’s Business and Workforce 
Development grants to develop workforce capac-
ity for in-woods, transportation, and manufactur-
ing jobs (J. McCarthy, personal communication, 
March 27, 2024), such as:

	○ Efforts led by partners such as the California 
Forestry Association called the “California 
Forestry Sector Jobs Initiative” (CalForests 
2024). 

	○ Development of new forestry degree pro-
grams, such as the Lake Tahoe Community 
College Forestry Education and Job 
Placement Program. 

	y Develop ways to address other workforce barri-
ers such as housing shortages, wage disparities, 
and lack of mental health resources, as well as 
expanding programs available to disadvantaged 
communities, inmates, and formerly incarcerated 
individuals. 

	y Provide consistent and clear legal pathways for 
migrant workers that fill critical roles in forestry 
from reforestation to logging activities, such as 
the H-1B visa to allow migrant workers into the 
country.
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