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Abstract 
Wildfire activity and associated greenhouse gas emissions are increasing across US forests as climate change intensifies fire weather and 

fuel aridity. These trends challenge forest-based natural climate solutions (NCS) that prioritize carbon accumulation without accounting 

for wildfire-driven disturbance risk. We synthesize current science and regional expert knowledge to define fire-adapted NCS as forest- 

based climate mitigation strategies that reduce long-term wildfire emissions while sustaining forest carbon, sequestration capacity, and 

ecosystem function under changing climate and fire regimes. Across US forests, beneficial fire, forest thinning and biomass utilization, 

and climate-informed reforestation can stabilize carbon stocks and support post-fire recovery when aligned with regional fire regimes, 

vegetation, fuels, governance contexts, and workforce capacity. We frame fire-adapted NCS as a carbon stewardship strategy embedded 

within integrated fire risk management, emphasizing long-term wildfire emissions reduction, forest resilience, and carbon durability 

over maximizing short-term carbon stocks. 

Keywords reforestation, beneficial fire, biomass utilization, climate adaptation, integrated fire risk management 
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National synthesis 

ore than three decades ago, climate scientists and fire ecologists 

arned that climate change and fire suppression would increase 

ildfire risk across US forests, particularly in frequent fire-adapted 

ystems of the western and southeastern United States (Agee 1993 , 

ovington and Moore 1994 , Westerling et al. 2006 ). National policy 

esponses have tried to innovate and scale proactive management, in- 

luding fuels reduction and workforce expansion, although manage- 

ent treatments have lagged behind policy initiatives. The resulting 

mpacts include ecosystem degradation, worsening air quality from 

moke, growing risk in the wildland–urban interface (WUI), forest loss 

nd regeneration failure, and disruptions to timber and wood supply 

hains (Stephens et al. 2014 , Balch et al. 2017 , Davis et al. 2023 , Higuera 

t al. 2023 , Bousfield et al. 2025 ). 

Wildfire has accounted for nearly one-third of global forest loss 

ver the past two decades (Jerrett et al. 2022 , Tyukavina et al. 2022 , 

llan et al. 2023 , Hessburg et al. 2025 ). Total greenhouse gas (GHG) 

missions from wildfire (hereafter, wildfire emissions) remain diffi- 

ult to quantify. Carbon dioxide (CO2 ) is the primary GHG emitted by 

ildfires, though wildfires also release other gases and aerosols that 

an have both warming and cooling effects on the atmosphere while 

ncreasing risks to public health (Reid et al. 2016 , Jaffe et al. 2020 ). 

ildfire emissions reinforce positive climate–wildfire feedbacks, con- 

ributing to the widely recognized US Wildfire Crisis (USFS 2022a ). As 

ildfire emissions increase, they accelerate climate change (Jones et 

l. 2024 , Foster and Rahmstorf 2026 ), but fire management offers a 

ounter lever. 

Euro-American colonization significantly altered the use of bene- 

cial fire across many landscapes in North America, greatly magni- 

ed by institutionalized wildfire suppression policies arising in the 

850s (Pyne 1981 ). But during the 1960s and 1970s, the United States 

epartment of Interior National Park Service (NPS) and the United 

tates Department of Agriculture Forest Service (USFS) increasingly 

ecognized the ecological importance of beneficial fire and fuels man- 

gement (Kilgore 1973 , Van Wagtendonk 2007 ). However, implemen- 

ation remained limited for several decades, although the NPS gener- 

lly advanced beneficial-fire programs earlier and more extensively 

han the USFS, particularly in the western United States (Turner et 

l. 2003 , North et al. 2015 ). As wildfire activity and associated wild- 

re emissions have increased, a policy paradigm has reemerged that 

mphasizes beneficial fire, forest resilience, and climate-informed 

wildfire hazard reduction and climate adaptation strategies (figure 1 ;

USWFMMC 2023 ). Despite this policy shift, implementation has been

limited, uneven, and challenged by many structural barriers (Schultz

et al. 2019 , Smithwick et al. 2024 ). 

As this fire policy paradigm has reemerged, so too has interest in

forest-based natural climate solutions (NCS): investments in forest man-

agement intended to mitigate the effects of climate change by enhanc-

ing carbon sequestration (Griscom et al. 2017 , Fargione et al. 2018 ,

Shanley et al. 2024 ). To date, many forest-based NCS assessments and

investments have focused primarily on managing human influences

on forests, with more limited consideration of climate-driven distur-

bance and its implications for long-term carbon storage. The com-

plex, interacting controls on wildfire emissions and carbon storage in-

troduce considerable uncertainty regarding the effectiveness of NCS

(Buma et al. 2024 , Ellis et al. 2024 ). 

A central question is whether forest-based NCS investments should

avoid regions of high-wildfire risk, or whether management strategies

that reduce wildfire risk can stabilize forest carbon stocks and lower

wildfire emissions as a pathway for climate mitigation. Despite grow-

ing interest in forest-based NCS, there is limited synthesis of how re-

gionally tailored approaches reduce wildfire risk and emissions, and

how co-benefits—such as enhanced drinking water quality, sustain-

able wood utilization, and safer recreational access—vary across US

forests (Prichard et al. 2020a ). Addressing this gap requires evaluating

forest-based NCS through the lens of wildfire emissions, regional fire

regimes, and long-term carbon stewardship. 

Fire-adapted NCS pathways 

We define fire-adapted NCS as forest-based climate mitigation strate-

gies designed to reduce long-term wildfire emissions by managing

wildfire hazard, fire behavior, and post-fire recovery while sustaining

forest carbon stocks, sequestration capacity, and ecosystem function

under changing climate and fire regimes. Like other forest-based NCS,

these approaches are evaluated through carbon budgets that account

for sequestration, storage, and emissions. However, fire-adapted NCS

differ by treating long-term wildfire emissions reduction as a central

management outcome rather than wildfire as an external disturbance

risk. Their objective is to not simply maximize near-term forest carbon

stocks, but to improve the long-term balance among carbon stored in

forests, carbon emitted (or retained) during wildfire, and carbon ab-

orest management alongside suppression as central components of 

mailto:ctruettner@americanforests.org
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Figure 1 Timeline of US wildfire policy from Euro-American colonization to present . 
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orbed through post-fire recovery by increasing forest resilience and 

ustaining future sequestration. 

To evaluate how fire-adapted NCS vary across US forests, we syn- 

hesized regional expert knowledge using Geographic Area Coordi- 

ation Center (GACC) regions as an organizing framework (figure 2 ). 

cross GACC regions, burned area from high-severity wildfire has 

enerally increased over the last three decades, whereas trends in 

re frequency vary regionally, with increases in some regions and de- 

reases in others (figure 3 ). Regional teams of research scientists and 

and managers characterized dominant forest types and fire regimes, 

dentified fire-adapted NCS pathways currently being implemented or 

merging in each region, and summarized relevant policies, collabo- 

ations, and implementation barriers. Detailed regional syntheses are 

rovided in supplemental materials. 

Our synthesis shows that fire-adapted NCS can function as a climate 

itigation pathway when matched to local fire regimes, fuel condi- 

ions, and management capacity. When appropriately implemented, 

hese strategies can stabilize forest carbon stocks, support post-fire re- 

overy where needed, and provide co-benefits for communities and 

nfrastructure (table 1 ). Achieving these outcomes will depend on 

cross-jurisdictional coordination and shared management resources 

that support proactive forest management before, during, and after 

wildfire. 

Implementing fire-adapted NCS is increasingly important as cli- 

mate change increases fuel aridity, lengthens fire seasons, and raises 

the frequency of extreme fire weather (Jolly et al. 2015 , Abatzoglou 

and Williams 2016 , Abatzoglou et al. 2021 ). Wildfire emissions are 

shaped by the interacting effects of climate, vegetation, hydrology, 

land use, governance, forest management, and workforce capacity 

(Kolden and Henson 2019 , Stephens et al. 2020 ). Under warmer and 

drier conditions, forest management alone cannot eliminate wildfire 

risk, but it can influence fire behavior, fuel continuity, post-fire re- 

covery, and the amount of carbon and other GHGs emitted during 

wildfire. The effectiveness of fire-adapted NCS therefore depends on 

whether strategies are matched to the dominant controls on wildfire 

emissions in each region. We evaluate three fire-adapted NCS path- 

ways: (1) beneficial fire, (2) forest thinning and biomass utilization, 

and (3) climate-informed reforestation. Across these pathways, the 

goal is not to prescribe a universal solution, but to identify where 

and how fire-adapted NCS can reduce wildfire emissions while sup- 
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Figure 2 Map of the different GACC regions. Hawaii is classified under the Northern California GACC, but we treated it as a separate region in this 
study. 
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orting durable carbon storage, regional adaptation, and associated 

o-benefits such as drinking water protection, sustainable wood uti- 

ization, workforce development, biodiversity conservation, and safer 

ecreation. 

Beneficial fire

he contemporary term beneficial fire encompasses prescribed fire, 

ndigenous cultural burning, and managed wildfire. By moderating 

uel accumulation and fire behavior, beneficial fire can reduce the 

ikelihood of high-severity wildfire and the large carbon losses associ- 

ted with combustion of above- and below-ground biomass. In addi- 

ion to immediate combustion emissions, wildfire-induced tree mor- 

ality can produce substantial delayed carbon losses as standing and 

owned biomass decomposes over subsequent decades. When eval- 

ated across broad spatial and temporal scales, beneficial fire may 

mprove carbon balance by reducing the probability of larger and 

ore severe wildfires, associated combustion emissions, and subse- 

uent mortality-driven carbon losses. 

Prescribed fire is most commonly implemented to reduce surface 

nd ladder fuels but also provides co-benefits such as habitat restora- 

ion, invasive species control, watershed protection, slower pathogen 

pread, and supporting cultural norms. When applied to frequent- 

re-adapted ecosystems under favorable weather and fuel conditions, 

rescribed fire can reduce the likelihood of high-intensity fires while 

eestablishing beneficial fire regimes (Pollet and Omi 2002 , Stephens 

nd Moghaddas 2005 , Fulé et al. 2012 , Hiers et al. 2020 , Prichard et al. 

020b ). Implementation of prescribed burn practices is constrained 

y workforce capacity, funding, social resistance, and air quality reg- 

lation, with climate change further shifting and, in some cases, nar- 

owing burn windows (Schultz et al. 2019 , Yurkonis et al. 2019 , Swain 

t al. 2023 ). Failure to account for these changes to burn windows 

an elevate the likelihood of escape during extreme wind events. 

These constraints underscore that although prescribed fire remains

one of the most effective fire-adapted NCS pathways for reducing

high-severity wildfire hazard and associated emissions in many re-

gions, its success depends on adaptive planning, careful monitoring,

sustained institutional support, an adequately trained workforce, and

community acceptance of some level of risk. 

The southern United States demonstrates how prescribed fire

can operate as a mature and well-organized fire-adapted NCS path-

way where frequent-fire ecosystems, practitioner networks, and sup-

portive liability frameworks align. In longleaf pine ( Pinus palus-

tris ), shortleaf pine ( Pinus echinata ), and oak–pine systems, frequent

prescribed fire helps maintain open, fire-adapted structure, lim-

its surface fuel accumulation, and reduces the likelihood of high-

emission wildfire events, with more area treated annually than in

all other US regions combined (table 1 ; Waldrop and Goodrick 2012 ,

Cummins et al. 2023 ). 

Indigenous cultural burning is distinct from other fire management

activities through its grounding in Tribal and Indigenous laws, objec-

tives, and rights to apply fire for cultural purposes (Clark et al. 2024 ).

Proactive Indigenous fire stewardship reduces fuel loads while sup-

porting biodiversity, reinforces cultural practices, and sustains tradi-

tional ecological knowledge (Kimmerer 2011 , Lake et al. 2017 , Long

et al. 2020 ). Prior to Euro-American colonization, Indigenous cultural

burning was extensive, frequent, and multifunctional (Eisenberg et

al. 2024 ). For example, tribes in California and the broader Southwest

applied near-annual fire across large landscapes to manage food re-

sources, fiber production, and habitat (Anderson 2006 ). Indigenous

cultural burning was largely prohibited in the United States begin-

ning in the late 19th century, with legal recognition and authoriza-

tion only reemerging recently (e.g., California Senate Bill 310, 2024 ).

Growing recognition of Indigenous cultural burning reflects its cul-
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Figure 3 Fire frequency and high-severity fire area for different GACC regions from 1984 to 2024. Methods were replicated from Salguero and colleagues 
( 2020 ), although extended from the original analysis for 2017–2024. 
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Table 1 Regions and descriptions of fire-adapted natural climate solutions with key guidance and primary constraints. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Region Beneficial fire 
Forest thinning and 
biomass utilization 

Climate-informed 
reforestation Key guidance Primary constraints 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Alaska Rare and limited to 
backburning during 
managed wildfire 
under constrained 
conditions 

Rare and fuel breaks 
used selectively to 
protect communities 
and cultural resources 

Viable in formerly 
black spruce systems, 
promote deciduous 
transition to reduce 
wildfire emissions and 
protect soils 

Align suppression 
with protection of 
belowground carbon; 
expand Tribal 
partnerships 

Remote access, 
limited workforce and 
infrastructure, 
logistical constraints 

Pacific 
Northwest 

Common in dry 
eastside forests; 
Limited in moist 
westside forests 

Common in eastside 
forests; often paired 
with fire; pile burning 
remains widespread 

Common where 
high-severity fire and 
regeneration failure 
are likely 

Expand residue 
utilization and 
alternatives to pile 
burning; sustain 
resilience programs 

Weak biomass 
markets, limited 
workforce, loss of 
institutional capacity 

Northern 
California and 
Southern Sierra 
Nevada 

Viable and effective 
but constrained by 
risk aversion, funding, 
and workforce 
capacity 

Common but limited 
by declining mill 
capacity and 
underdeveloped 
biomass markets 

Viable but 
constrained by 
nursery capacity, 
permitting, and 
workforce availability 

Expand integrated 
fire–thinning–
reforestation 
programs; invest in 
long-lived wood 
products and residue 
utilization 

Uncertainty in 
treatment longevity; 
limited infrastructure 
and workforce relative 
to need 

Southern 
California 

Rare due to air quality 
constraints, escape 
risk, and WUI 
complexity 

Limited to hand 
thinning, mastication, 
and pile burning due 
to minimal biomass 
markets 

Common but often 
unsuccessful; 
microsite and mixed 
shrub–tree 
approaches show 

promise 

Expand 
region-specific, 
prevention-focused 
strategies and 
workforce investment 

High WUI density, 
limited infrastructure, 
harsh post-fire 
conditions 

Great Basin Limited because 
low-elevation use can 
reinforce grass–fire 
feedbacks; selective 
use at high elevations 

Limited because 
low-elevation 
treatments carry 
tradeoffs; selective 
high-elevation 
thinning may reduce 
crown fire risk 

Limited and most 
applicable for 
protecting intact 
high-elevation forests 
and woodlands 

Reduce invasive 
grass–fire feedbacks; 
protect intact systems; 
limit large-fire spread 

Extensive federal 
ownership, remote 
access, high fire 
spread potential 

Southwest Common in dry 
forests; 
thinning-plus-fire 
widely applied 

Common but 
constrained by limited 
markets for 
small-diameter wood 

Viable as 
climate-informed 
planting supports 
recovery in vulnerable 
systems 

Expand biomass 
utilization and 
risk-tolerant fire 
governance 

Risk-averse 
decision-making, 
limited infrastructure, 
workforce constraints 

Rocky 
Mountains 

Common in dry 
montane forests; not 
appropriate in 
high-elevation 
lodgepole pine or 
spruce–fir 

Common in dry 
forests; limited in 
high-elevation forest 
types 

Viable in favorable 
microsites (e.g., 
north-facing, shaded) 

Reform liability and 
insurance 
frameworks; 
strengthen 
cross-boundary 
coordination 

Extensive WUI, 
air-quality constraints, 
inequitable resource 
distribution 

Northern 
Rockies 

Common in 
appropriate forest 
types; outcomes 
depend on timing and 
conditions 

Viable as 
effectiveness depends 
on persistence, forest 
type, and remoteness 

Viable and 
increasingly important 
where regeneration 
failure occurs 

Advance cultural 
burning and 
landscape-scale 
coordination; 
integrate post-fire 
recovery 

Limited workforce and 
nursery capacity, 
constrained funding 

Eastern Viable in oak–pine 
systems and barrens 

Common silvicultural 
approach to increase 
resilience and 
heterogeneity 

Viable and applied 
selectively to stabilize 
carbon and enhance 
resilience 

Expand 
co-management, 
modernize smoke 
management, 
incentivize low-value 
wood use 

Fragmented 
ownership, limited 
burn windows 

Southern Common due to 
strong prescribed fire 
frameworks and 
initiatives 

Limited due to weak 
markets following 
pulp and paper 
declines 

Common and 
effective in longleaf 
pine and savanna 
restoration systems 

Expand workforce 
development and 
fire-adapted 
ecosystem restoration 

Expanding WUI, 
smoke constraints, 
shifting disturbance 
regimes 

Hawai‘i Rare due to escape 
risk and grass–fire 
feedbacks 

Limited to targeted 
grazing and biomass 
reduction 

Viable and applied 
selectively through 
agroforestry and 
native forest 
restoration 

Reduce grass–fire 
feedbacks; expand 
Indigenous leadership 
and restoration 

Invasive fuels, limited 
workforce, 
fragmented 
governance 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Note: For forest-type specific discussion, see the appropriate regional section in supplementary information. 
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ongressionally established US Wildland Fire Mitigation and Manage- 

ent Commission (USWFMMC 2023 ). 

Although all wildland fires are “managed” in a broad sense, we 

efine managed wildfires here as are naturally ignited fires that are 

ntentionally managed for resource benefits (Stevens-Rumann et al. 

025 ). These fires are closely monitored and allowed to burn un- 

er favorable weather conditions and approved management plans, 

ost often in wilderness or remote landscapes. They rely on ro- 

ust collaborative partnerships among government and civic sec- 

or entities (Davis et al. 2022 ), and may involve strategic fire opera- 

ions, including scenario planning, containment lines, or limited back- 

urning to guide fire behavior toward desired outcomes. The North- 

rn Rockies provide one of the clearest examples of where man- 

ged wildfire can be operationally feasible. Large wilderness areas 

n Montana and Idaho retain some of the most intact fire regimes 

n the lower 48 states, creating opportunities to manage naturally ig- 

ited fires for resource benefits, although tolerance for this approach 

eclines sharply near communities and outside remote landscapes 

Parks et al. 2014 ). 

Pre-wildfire fuel treatments in fire-adapted temperate forests can 

urther enhance the effectiveness of managed wildfire by reducing 

re spread and allowing fires to burn at lower severity, thereby 

eleasing less carbon, stabilizing forest carbon stocks, and reduc- 

ng the need for post-fire NCS interventions (Hurteau et al. 2024 , 

elp et al. 2025 ). Long-running fire programs in Yosemite and 

equoia–Kings Canyon National Parks illustrate the potential for re- 

eated beneficial fire to support carbon stewardship in frequent- 

re forests. In these landscapes, managed wildfire and repeated 

re use have restored forest structure, increased landscape hetero- 

eneity, improved soil moisture and streamflow, reduced drought- 

elated mortality, and produced forests that are more resistant 

o subsequent high-severity wildfire (van Mantgem et al. 2011 , 

tephens et al. 2021 ). 

Managed wildfires can also be effective in the absence of prior 

uel treatments, as not all forest types are suitable for thinning or 

requent fire. In some ecosystems, repeated pre-fire treatments can 

romote invasive species that increase burn probability and reduce 

cosystem resilience (Brooks et al. 2004 , Keeley 2006 , Brockway et 

l. 2009 ). The Great Basin and Southwest illustrate why beneficial 

re must be matched carefully to ecosystem context. In low- to 

id-elevation pinyon–juniper systems, prescribed fire can acceler- 

te cheatgrass dominance and reinforce grass–fire feedbacks, increas- 

ng the likelihood of recurrent fast-moving fires rather than reducing 

uture wildfire emissions risk (table 1 ; Balch et al. 2013 , Bradley et 

l. 2018 ). Hawai‘i provides an even sharper contrast because many 

ative forest communities are not fire-adapted, and contemporary 

ildfire risk is driven largely by invasive grasses, shrublands, and 

uman ignitions rather than forest fuel accumulation. In this con- 

ext, fire-adapted NCS are better expressed through ignition preven- 

ion, targeted grazing, green breaks, agroforestry, and native canopy 

estoration than through expanded prescribed or managed fire (ta- 

le 1 ; Ammondt et al. 2013 , Trauernicht et al. 2015 , Bremer et al. 

021 ). 

Nevertheless, as climate change increases aridity across US forests 

Abatzoglou and Williams 2016 , Crimmins et al. 2023 ), beneficial fire 

hat is adapted to local ecological conditions and implemented by 

killed field crews can reduce burn severity and wildfire emissions 

hile promoting ecological co-benefits at scale (Prichard et al. 2021 , 

urteau et al. 2024 ). 

Forest thinning and biomass utilization

Thinning treatments use manual or mechanical methods to alter for- 

est structure and composition, reducing stand density and, where ap- 

propriate, promoting more fire-resilient species composition and spa- 

tial patterns (Agee and Skinner 2005 ). These treatments immediately 

reduce stand-level biomass and carbon stocks, while creating struc- 

tural changes across larger areas that can limit fire spread and in- 

tensity during subsequent wildfires. The goal is to stabilize remain- 

ing forest carbon and shift in situ carbon accumulation toward more 

fire-resistant carbon pools, such as large-diameter, fire-resilient trees 

(Stephens et al. 2012 , Brodie et al. 2024 , Hurteau et al. 2024 , Yack- 

ulic et al. 2025 ). Thinning with biomass removal and off-site utiliza- 

tion may reduce emissions relative to thinning followed by on-site 

biomass burning, decomposition, or subsequent wildfires (Janowiak 

et al. 2017 , Cabiyo et al. 2021 , Barker et al. 2025 ). 

Importantly, thinning and biomass removal are not one-size-fits-all 

solutions, and prescriptions must respond to local stand conditions 

and density, sustainable and consistent timber market demand, and 

the proximity and capacity of wood-processing infrastructure. These 

differences mean that thinning may function as a wildfire-emissions 

reduction strategy in some systems, but as a resilience, restoration, 

or hydrologic protection strategy in others. Outcomes from thinning 

treatments also depend on spatial design and vary among forest types 

(Ott et al. 2023 ). For instance, restoring the heterogeneous structural 

patterns characteristic of mature and old-growth forests can enhance 

biodiversity, whereas homogeneous fuel structures in some frequent- 

fire forests can contribute to greater high-severity crown-fire spread 

when not followed by beneficial fire (Larson and Churchill 2012 ). 

However, these relationships are not universal; some forest types, 

such as lodgepole pine ( Pinus contorta ) in the Rocky Mountains, com- 

monly develop as even-aged, structurally homogeneous stands that 

often reach maturity. In the eastern United States, thinning and re- 

lated silvicultural treatments are often better framed as forest-health 

and drought-resilience strategies than as broad wildfire-emissions re- 

duction tools (D’Amato et al. 2013 , Birdsey et al. 2023 , Magerl et al. 

2023 ). Reducing competition and restoring structural heterogeneity 

may support oak–pine systems and fire-enabled oak regeneration in 

the eastern United States, whereas high-carbon peatlands in this re- 

gion require hydrologic protection rather than fuel reduction to avoid 

deep smoldering fires and associated carbon losses (table 1 ; Arthur et 

al. 2012 , Vose and Elliott 2016 , Hanson et al. 2020 ). 

Decades of research show that thinning-plus-fire tends to provide 

the most reliable reductions in wildfire severity, especially in west- 

ern US dry mixed-conifer forests (Stephens et al. 2012 , Prichard et al. 

2021 , Davis et al. 2024 , Shive et al. 2024 ). We use the term thinning- 

plus-fire to describe integrated fuel treatments in which mechanical 

or hand thinning is followed by broadcast prescribed fire or sub- 

sequent managed wildfire; in some operational contexts, pile burn- 

ing may also be used to reduce residual activity fuels. This combina- 

tion has been shown to reduce fire severity and stabilize forest car- 

bon stocks relative to thinning or fire alone (Davis et al. 2024 ). In 

dry eastside forests of the Pacific Northwest, recent wildfire events 

illustrate the value of integrated treatments. During the 2021 Boot- 

leg Fire, stands previously treated with prescribed fire or thinning- 

plus-fire generally burned at lower severity than thinning-only or 

untreated stands, supporting broader evidence that integrated treat- 

ments can reduce wildfire emissions in dry, frequent-fire forests when 

treatment timing, forest type, and maintenance intervals align (ta- 
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Figure 4 Residue left from a successful, large-scale wildfire risk treatment in the Cleveland National Forest (Southern California). The objective of the 
management project was accomplished, but these large piles of biomass were left behind and could be utilized as peat replacement growing media 
for container-grown tree seedlings, as well as vegetable, fruit, ornamental, and floriculture crops ( Photograph: N. Molinari ). 
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le 1 ; Sanna et al. 2025 ). Similar evidence from the Rocky Moun- 

ains suggests that fuel treatments can provide durable benefits in 

ower montane ponderosa pine and dry mixed-conifer forests. Dur- 

ng the 2020 Cameron Peak Fire, prior thinning, prescribed fire, and 

ixed treatments moderated fire severity across roughly two decades 

f treatment records, although these benefits are not readily trans- 

erable to lodgepole pine or high-elevation spruce–fir forests where 

tand-replacing fire is more characteristic (table 1 ; Vorster et al. 2021 , 

tevens-Rumann et al. 2025 ). 

Beyond direct effects on fuel loads and fire behavior, thinning and 

he restoration of fire can also influence hydrologic cycles, albedo, 

now accumulation, and water availability (Broxton et al. 2015 , Bois- 

amé et al. 2017 , Campo et al. 2022 ). When applied judiciously to re- 

tore forest complexity, thinning and thinning-plus-fire can reduce 

ildfire severity and associated wildfire emissions while sustaining 

abitat restoration potential and water storage. 

Biomass utilization is central to the carbon balance of thinning be- 

ause removed material can follow very different emissions pathways 

epending on whether it is burned, left to decompose, or converted 

nto longer-lived or substituted products. Utilization pathways such as 

umber, mass timber, biochar, and engineered wood fiber products can 

xtend carbon residence time, reduce reliance on pile burning, and 

n some cases displace more emissions-intensive materials (Hurteau 

nd North 2009 , Cabiyo et al. 2021 , Bobo and Jackson 2024 ). Engi- 

eered wood fiber substrates for soilless growing media represent 

ne emerging pathway, particularly where thinning residues, small- 

iameter material, or mill byproducts can substitute for peat-based 

roducts or support nursery systems needed for post-fire reforesta- 

ion (Raviv et al. 2019 , Bobo and Jackson 2024 ). As with other biomass 

tilization strategies, climate benefits depend on lifecycle emissions, 

ransportation distances, product longevity, and whether utilization 

isplaces higher-emission alternatives. 

Northern California and the southern Sierra Nevada show both

the promise and bottlenecks of thinning and biomass utilization.

Thinning-plus-fire has strong empirical support for reducing high-

severity fire effects and stabilizing live forest carbon in current

frequent-fire forests. Biomass utilization could further extend car-

bon residence time and reduce reliance on pile burning, but sawmill

closures, limited processing capacity, and underdeveloped markets

for small-diameter biomass continue to constrain implementation

(Liang et al. 2018 , AF 2025 ). Southern California highlights a different

biomass-utilization challenge. In some large fuel-reduction projects,

management objectives can be achieved while substantial residues

remain piled on-site because sawmill access and biomass markets

are limited, while pile-burning may be restricted by air quality con-

cerns and wildfire risk in densely populated landscapes (figure 4 ).

These residues may then be burned, chipped, or left to decompose

rather than converted into longer-lived or substituted products (ta-

ble 1 ; Stephens et al. 2018 , Acuna et al. 2019 , Bobo and Jackson 2024 ).

Where residue piles remain untreated, limited soil contact can slow

decomposition, allowing material to persist for extended periods and

potentially contribute to future fuel hazards. 

Climate-informed reforestation

The probability of natural regeneration in frequent-fire-adapted

forests following wildfire often declines with increasing fire fre-

quency and patch size of high-severity burn, as these disturbances

reduce seed availability, increase distances to viable seed sources,

and impair resprouting and seed viability (Davis et al. 2019 , Stevens-

Rumann and Morgan 2019 , Laughlin et al. 2023 , McFarland et al.

2025 ). More frequent and severe wildfires can also diminish post-

fire climatic buffering by reducing canopy cover and surface shading,

thereby intensifying heat and drought stress on regenerating vegeta-
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Figure 5 Field crew planting deciduous tree seedlings following monitoring protocols in large fire breaks in Interior Alaska ( Photograph: N. Link ). 
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ion (Marsh et al. 2022 , Crockett and Hurteau 2024 ). Post-fire planting 

tudies in the Rocky Mountains and Southwest show why climate- 

nformed reforestation must account for topography and microsite 

onditions at finer scales than regional climate projections. Seedling 

urvival can depend strongly on north-facing aspects, shading, and 

icrosites that buffer heat and moisture stress, suggesting that plant- 

ng design can influence whether post-fire landscapes recover forest 

over or shift toward persistent non-forest states (table 1 ; Marsh et 

l. 2022 , Marshall et al. 2023 , 2024 , Holden et al. 2025 ). Indeed, post- 

lanting cultural treatments that promote seedling survival, coupled 

ith multi-year monitoring, are crucial for achieving reforestation ob- 

ectives. 

Climate-informed reforestation in post-fire landscapes represents a 

re-adapted NCS pathway to stabilize forest carbon stocks and sup- 

ort long-term carbon sequestration by aligning regeneration strate- 

ies with projected climate conditions and wildfire regimes (Far- 

ione et al. 2018 , Crockett and Hurteau 2024 ). Through decisions 

n seed sources, seedling stock types, and planting design across 

tand-to-landscape scales, climate-informed reforestation can pro- 

ote structural and genetic diversity that enhances resilience to wild- 

re, drought, and disease (Bastin et al. 2019 , Smith et al. 2024 , Sniezko 

t al. 2024 , Truettner et al. 2025 ). In Interior Alaska, climate-informed 

eforestation in and around fuel breaks is emerging as a distinct fire- 

dapted NCS pathway (figure 5 ). Because deciduous birch and as- 

pen stands are more fire resistant and emit less carbon during sub- 

sequent fires than black spruce ( Picea mariana ) stands, planting or 

encouraging deciduous species where seed sources are limited may 

help protect communities and cultural resources while reducing fu- 

ture wildfire emissions and belowground carbon losses (table 1 ; John- 

stone et al. 2010 , Walker et al. 2023 , 2025 , Black et al. 2026 , Link 

et al. 2026 ). In the Southwest, where reforestation has been chal- 

lenging because of water availability and desertification, climate- 

informed reforestation is becoming increasingly operational through 

facilities such as the Northern Arizona University Greenhouse and 

the New Mexico Reforestation Center. These efforts link seed sourc- 

ing, container stock types, mycorrhizal inoculation, and assisted mi- 

gration with post-fire planting designs, helping translate experimen- 

tal work into landscape-scale recovery strategies where warming 

and high-severity fire are limiting natural regeneration (table 1 ; 

Dixit and Burney 2024 ). 

Climate change is altering regeneration conditions in ways that 

increasingly diverge from those experienced by current forest co- 

horts, raising the risk of regeneration failure and persistent non-forest 

states in some regions, particularly where contemporary or projected 

climates exceed historical seedling establishment niches (Falk et al. 

2022 ). Where wildfires are more severe and extensive, post-fire re- 

covery is further constrained by reduced seed rain as distances to 

viable seed sources increase; this limitation varies among species, 
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Figure 6 Thornforest-grassland interface (a) pre-prescribed fire and (b) post-prescribed fire. Thorn forests, similar to aspen in the Rocky Mountains, 
can act as a natural barrier to fire spread in the Rio Grande Valley, Texas ( Photograph: M. Sternberg ). 
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urn severity patterns and patch size, and seed dispersal mechanisms 

Stevens-Rumann and Morgan 2019 , Clark-Wolf et al. 2023 , Buonan- 

uci et al. 2024 ). In the Northern Rockies, hotter droughts, reburns, 

nd increasing fire frequency are pushing some post-fire landscapes 

eyond regeneration thresholds, making climate-informed reforesta- 

ion increasingly important but difficult to scale (table 1 ; Davis et 

l. 2019 , Dobrowski et al. 2024 ). Experimental efforts such as the 

daptive Silviculture for Climate Change Network emphasize plant- 

ng and management strategies that increase landscape heterogeneity 

nd resilience rather than attempting uniform reforestation across all 

urned areas (Larson et al. 2022 ). 

Successful implementation often requires objective-based risk as- 

essment, post-planting management and monitoring, and treat- 

ent effectiveness evaluation of resilience outcomes and carbon- 

elated goals (Palik et al. 2022 , Bower et al. 2024 ). Follow-up treat- 

ents can include targeted vegetation management to control inva- 

ive grasses, native shrubs, and other herbaceous plants that com- 

ete with regenerating trees or increase fine-fuel hazards (Keeley 

006 ). Without continued maintenance, some reforestation efforts 

ay not achieve desired climate mitigation goals or may fail en- 

irely; accordingly, climate-informed reforestation should be viewed 

s a long-term adaptive management strategy rather than a one- 

ime intervention. In the Southern Plains, climate-informed refor- 

station can also reduce fire spread by restoring vegetation types 

hat function as natural fuel breaks. Dense thorn forests in South 

exas can interrupt grassland fire spread because their structure, 

igher moisture retention, and limited fine fuels contrast sharply 

ith adjacent invasive grasslands (figure 6 ), and dominant thorn- 

orest species have already been used to reforest ∼8000 hectares 
n the Rio Grande Valley (table 1 ; Jahrsdoerfer and Leslie 1988 , Di- 

mond 1998 , Radeloff et al. 2023 ). Hawai‘i similarly demonstrates 

ow climate-informed reforestation can reduce wildfire emissions 

y interrupting invasive grass–fire feedbacks rather than restoring 

requent-fire regimes. Green breaks planted with fire-resistant na- 

ive species, agroforestry on abandoned agricultural lands, and koa 

r native hardwood restoration can reduce grass fuels, increase 

anopy moisture, and support carbon storage while providing food, 

ultural, and watershed co-benefits (table 1 ; Ammondt et al. 2013 , 

remer et al. 2019 , 2021 , 2025 ). 

Management and policy implications 

There is no single national prescription for implementing fire-adapted

NCS. Durable outcomes will depend on policy and management

frameworks that match strategies to regional fire regimes, vegeta-

tion types, ownership patterns, infrastructure, and institutional ca-

pacity. In some regions, particularly the southern United States, ben-

eficial fire is well suited because of frequent fire regimes, exten-

sive prescribed-fire experience, and collaborative institutions, includ-

ing prescribed burn associations (Deak et al. 2025 ). In drier, fire-

adapted forests of the western United States, integrated thinning-plus-

fire treatments have been shown to reduce crown-fire potential (Pol-

let and Omi 2002 , Stephens et al. 2009 , Davis et al. 2024 ). In contrast,

other ecosystems—including hardwood-dominated forests of the east-

ern United States, black spruce forests in Alaska, and chaparral sys-

tems in southern California—present distinct ecological and opera-

tional constraints that limit the applicability of these approaches. Fac-

tors such as fire regime, vegetation type, remoteness, infrastructure,

and population density shape what is feasible and suggest that man-

agement strategies must be adapted accordingly. 

Regionally tailored fire-adapted NCS

The Wildfire Commission called for a more balanced US wildfire pol-

icy that shifts from an approach dominated by wildfire response to-

ward one that scales proactive land management to reduce wildfire

risk and support post-fire recovery (USWFMMC 2023 ). Many of these

recommendations emphasize preparing the nation’s diverse regions

to better withstand the negative effects of wildfire across both natu-

ral and built environments—objectives that can be in part achieved

through implementation of regionally tailored fire-adapted NCS. 

Together, these examples show that regional tailoring depends less

on choosing among fixed fire-adapted NCS than on identifying the

dominant controls on wildfire emissions in each system. For in-

stance, the Pacific Northwest shows how sharply fire-adapted NCS can

vary within a single GACC region. In dry eastside forests, thinning-

plus-fire and beneficial fire are central to reducing high-severity fire

and wildfire emissions, whereas moist westside forests often empha-

size climate-adaptive silviculture, climate-informed reforestation, and
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

long-term carbon storage because treatment effects may be limited 
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nder moist conditions or extreme east-wind fire weather (table 1 ; 

ase et al. 2021 , Reilly et al. 2022 , Sanna et al. 2025 ) 

Implementation of fire-adapted NCS across pre-fire, active-fire, and 

ost-fire phases can support climate adaptation and ecosystem re- 

overy (Sample et al. 2022 , Papa et al. 2023 , AF 2025 ). Integrat- 

ng these strategies at landscape scales within a framework that 

rioritizes science-based risk assessments, adaptive management, 

ross-jurisdictional coordination, and transparent, collaborative gov- 

rnance can help maximize carbon benefits while also supporting 

cological and social co-benefits in fire-prone, frequent-fire forests, al- 

hough outcomes will depend on regional context and uncertainty in 

ystem responses. 

Carbon stewardship

ire-adapted NCS exemplify a carbon stewardship approach that pri- 

ritizes long-term carbon durability under changing climate and dis- 

urbance regimes. The USFS defines carbon stewardship as manage- 

ent that increases or stabilizes biogenic carbon while facilitating 

cosystem health, multiple uses, and climate resilience (USFS 2024 ). In 

re-prone forests, this framing shifts attention from maximizing near- 

erm carbon stocks toward sustaining carbon storage, sequestration 

apacity, and ecosystem function despite increasing aridity, wildfire 

ctivity, drought, and insect disturbance (Hoecker et al. 2023 , Hurteau 

t al. 2025 ). 

This shift is important because expectations of carbon stability 

ooted in the historical range of variability are increasingly mis- 

ligned with contemporary and future climates. Changes in species 

omposition, forest structure, and disturbance regimes mean that past 

onditions may no longer provide reliable benchmarks for future 

anagement (McDowell et al. 2020 ). Fire-adapted NCS are therefore 

etter framed around forward-looking resilience and risk manage- 

ent than restoration to historical conditions alone. 

Carbon stewardship reframes fire-adapted NCS as a problem of 

ildfire-emissions risk management and long-term carbon stabiliza- 

ion, rather than carbon accumulation alone. At the stand scale, some 

reatments may reduce near-term carbon stocks, but at landscape 

cales these approaches can reduce the likelihood of unacceptably 

evere wildfires and associated carbon losses. In some ecosystems, 

ustaining ecosystem function and reducing the probability of catas- 

rophic carbon loss may require accepting lower live biomass or dif- 

erent forest structure than attempting to maximize short-term car- 

on storage (Anderegg et al. 2020 , North et al. 2022 , Yackulic et al. 

025 ). Fire-adapted NCS therefore prioritize resilience and long-term 

arbon durability over short-term biomass maximization, recognizing 

hat durable climate mitigation depends on reducing the likelihood of 

arge, high-emission wildfires while sustaining future sequestration. 

Cross-cutting constraints on NCS implementation

cross regions, multiple interacting constraints limit the scalabil- 

ty and durability of fire-adapted NCS. Workforce capacity repre- 

ents an important constraint: proactive fire management, thinning, 

nd climate-informed reforestation require skilled, cross-trained per- 

onnel capable of operating across seasons and disturbance phases 

ISE 2016 , USWFMMC 2023 ). At the same time, the diversity of em- 

loyment arrangements (i.e., federal, state, Tribal, private-sector, and 

ontract-based workforces) can provide flexibility in addressing com- 

lex, region-specific challenges. Realizing this potential will (Steph 

teph ) depend on investments in workforce development, retention, 

and coordination across institutions to build on-the-ground capacity, 

strengthen institutional knowledge, and enhance operational conti- 

nuity. In addition, the patchiness of land ownership and boundaries, 

especially in the southern and eastern United States, limits cross- 

jurisdictional projects and coordinated management strategies. Social 

acceptance and political durability represent additional implemen- 

tation constraints, particularly where treatment effects, smoke expo- 

sure, costs, and benefits are distributed unevenly across rural and ur- 

ban communities. 

Market and infrastructure constraints represent additional limi- 

tations to large-scale implementation of forest-based NCS. In many 

regions, forest biomass removal and reforestation are limited by 

sawmill capacity, biomass utilization facilities, and nursery infras- 

tructure (Acuna et al. 2019 , Dobrowski et al. 2024 ). Scaling thinning- 

plus-fire treatments and climate-informed reforestation to levels suf- 

ficient to influence wildfire emissions would require sustained, re- 

gionally distributed investment in wood processing, nursery capacity, 

and greater diversity in the tree species grown for reforestation across 

much of the United States (Clark et al. 2023 ). 

Financing fire-adapted NCS remains challenging, as established 

mechanisms such as carbon markets often struggle to accommodate 

the risk, uncertainty, and timing of wildfire-driven carbon dynamics. 

Forest carbon projects face substantial reversal risk from wildfire and 

forest health disturbances, and recent analyses suggest that existing 

buffer pools may be insufficient to absorb these risks (Badgley et al. 

2022 , Anderegg et al. 2025 ). At the same time, many forest manage- 

ment methodologies emphasize near-term GHG benefits, limiting in- 

centives for practices that may reduce carbon stocks in the short term 

but enhance long-term stability (Buchholz et al. 2022 ). 

These constraints extend to emerging strategies, including thinning 

and biochar crediting, which show promise but remain financially 

uncertain (Elias et al. 2025 , Yackulic et al. 2025 ). Climate-informed 

reforestation projects similarly face barriers to private investment 

due to high upfront costs and delayed carbon returns. Together, these 

structural limitations constrain the scalability of fire-adapted NCS un- 

der current market frameworks, underscoring the need for blended 

financing approaches that combine sustained public investment, mar- 

ket mechanisms, and reforms to voluntary and compliance carbon 

markets that better account for wildfire risk and delayed carbon ben- 

efits. 

State policy and planning innovations

Managing wildfire risks, including wildfire emissions, may benefit 

from policy frameworks that integrate fire-adapted NCS across pre- 

vention, preparedness, response, and recovery while coordinating de- 

cisions across governance scales (Bacciu et al. 2022 , Kirschner et al. 

2023 , Oliveras Menor et al. 2025 ). California, Oregon, and Washington 

are each experiencing increased fire activity that threatens the long- 

term carbon storage capacity of their forests. As a result, each state 

has advanced forest resilience goals as a central component of state 

climate policies. California’s Nature-Based Solutions Climate Targets, 

reinforced through the Wildfire and Forest Resilience Action Plan and 

large-scale public investment mechanisms, link beneficial fire, forest 

thinning and biomass utilization, and climate-informed reforestation 

with statewide climate mitigation objectives (CNRA 2024 ). Oregon’s 

Natural and Working Lands Strategy similarly positions fire-adapted 

forests as a component of climate mitigation (INR 2023 ). Washington’s 

Forest Health and Climate Resilience Act connects fire-adapted NCS 
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nvestments with wildfire risk reduction, forest restoration, and post- 

isturbance recovery (WSL 2021 ). 

Although developed independently, these policies reflect key ele- 

ents of integrated fire risk management (IFRM). IFRM takes a multi- 

isk approach within the wildfire–watershed nexus by combining ob- 

ectives, expertise, and approaches from multiple disciplines and sec- 

ors to address interactions among fire and other biotic and abiotic 

hreats (Fernandes et al. 2011 , Bacciu et al. 2022 ). It coordinates mit- 

gation, preparedness, response, and recovery across disciplines, sec- 

ors, and jurisdictions to manage fire as a recurring, fuel- and climate- 

riven disturbance while reducing risks to ecosystems and the ser- 

ices they provide, including long-term carbon stability and reliable 

elivery of clean, high-quality water (USWFMMC 2023 ). This framing 

s increasingly important as aridity dries soils and fuels, increasing 

rea burned and high-severity fire, while post-fire flooding and runoff

hreaten infrastructure and drinking water supplies (Robinne et al. 

021 , Parks et al. 2025 ). IFRM therefore uses a systems-thinking ap- 

roach that treats landscape resilience, local livelihoods and knowl- 

dge, ecological conservation, risk mitigation, and carbon emissions 

eduction as connected management objectives rather than separate 

olicy domains (Oliveras Menor et al. 2025 ). 

IFRM is especially relevant to fire-adapted NCS because it links fuel–

ridity feedbacks, wildfire emissions, and the wildfire–watershed 

exus within a single planning framework. In practice, this means 

ligning beneficial fire, strategic thinning, post-fire recovery, and wa- 

ershed protection to improve fuel treatment effectiveness, reduce 

ildfire severity, support natural fire breaks, and minimize post-fire 

mpacts that can be compounded by extreme precipitation events 

Robinne et al. 2021 , Kalapodis and Sakkas 2025 ). Recent work em- 

hasizing that the fuel crisis is also a fuel-plus-aridity crisis further 

uggests that climate-amplified aridity must be considered alongside 

rescribed fire and fuel reductions when designing strategies to mod- 

rate fire behavior (Abatzoglou et al. 2021 , Pascolini-Campbell et al. 

025 ). 

Public and political support for fire-adapted forest management 

annot be assumed, especially among urban communities that may 

xperience prescribed fire smoke, temporary closures, or concerns 

bout timber harvesting without directly observing the long-term 

enefits. Support varies by treatment type and is shaped by perceived 

utcomes, trust in agencies and practitioners, familiarity with fire, 

nd opportunities for meaningful public involvement (Winter et al. 

002 , Rasch and McCaffrey 2019 , Paveglio and Edgeley 2023 ). Build- 

ng broader support will require sustained engagement, clear com- 

unication of treatment goals, risks, tradeoffs, and uncertainties, and 

tronger connections between forest management and benefits that 

atter to urban communities, including drinking water protection, 

educed exposure to severe wildfire smoke, recreational access, and 

rotection of infrastructure. Collaborative planning and trusted local 

artnerships will be important for turning broad policy goals into 

urable public and political support (Hamilton et al. 2023 ). 

At the federal level, there are parallel opportunities to integrate 

FRM into large-scale planning by aligning wildfire governance 

ith climate mitigation objectives (USFS 2022b ). This approach re- 

uires commitment to systems thinking and emphasizes coordinated 

ecision-making across agencies and jurisdictions, continuity across 

re-fire, active-fire, and post-fire phases, and explicit consideration of 

isk, tradeoffs, and long-term outcomes rather than event-based re- 

ponse alone. If implemented through this framework, fire-adapted 

CS could strengthen national capacity for proactive fire manage- 

ment, science integration, and workforce development while preserv-

ing regional flexibility. The recent establishment of the US Wildland

Fire Service within the DOI represents a step toward consolidating

federal wildfire management capacity, creating both risks and oppor-

tunities. If the new service remains narrowly focused on suppression,

it could marginalize IFRM and undercut opportunities to scale fire-

adapted NCS. However, if it helps institutionalize and coordinate an

interdisciplinary, multi-risk, life-cycle approach to connected wildfire,

water, and climate risks, it could provide a critical pathway for scaling

fire-adapted NCS and explicitly incorporating wildfire emissions risk

into forest carbon policy. 

Conclusion 

Fire-adapted NCS offer a pathway for achieving durable climate miti-

gation in forests where wildfire increasingly shapes long-term carbon

outcomes. Fire-prone forests should not be excluded from climate mit-

igation strategies, but NCS deployed in these systems must be explic-

itly aligned with regional fire regimes, vegetation, fuels, markets, and

changing climate conditions. Beneficial fire, thinning-plus-fire with

biomass utilization, and climate-informed reforestation can reduce

wildfire emissions, stabilize forest carbon, slow wildfire–climate feed-

backs, and strengthen ecosystem and community resilience when im-

plemented in regionally appropriate ways. 

Achieving these outcomes will require carbon stewardship rather

than short-term biomass maximization, along with integration of fire-

adapted NCS within an IFRM framework. Scaling these approaches

will require policy and climate finance mechanisms that incentivize

and derisk long-term investment while continuing to support NCS in

less fire-prone systems. Durable implementation must be built on lo-

cal partnerships capable of sustaining work over decadal timeframes,

rather than relying on short-term, centralized funding cycles. Ulti-

mately, effective wildfire mitigation through fire-adapted NCS will de-

pend on treating forest carbon policy, climate adaptation, and wildfire

risk reduction as connected goals, rather than separate management

problems. 
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