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Pathways framework identifies wildfire 
impacts on agriculture

Lena Kabeshita    1  , Lindsey L. Sloat1,2,3, Emily V. Fischer4, Stephanie Kampf2, 
Sheryl Magzamen    5, Courtney Schultz    6, Michael J. Wilkins1, 
Eva Kinnebrew1,2 & Nathaniel D. Mueller    1,2

Wildfires are a growing concern to society and the environment in many 
parts of the world. Within the United States, the land area burned by wildfires 
has steadily increased over the past 40 years. Agricultural land management 
is widely understood as a force that alters fire regimes, but less is known 
about how wildfires, in turn, impact the agriculture sector. Based on an 
extensive literature review, we identify three pathways of impact—direct, 
downwind and downstream—through which wildfires influence agricultural 
resources (soil, water, air and photosynthetically active radiation), labour 
(agricultural workers) and products (crops and livestock). Through our 
pathways framework, we highlight the complexity of wildfire–agriculture 
interactions and the need for collaborative, systems-oriented research to 
better quantify the magnitude of wildfire impacts and inform the adaptation 
of agricultural systems to an increasingly fire-prone future.

Fire is an integral feature of the Earth system, affecting biological, social 
and geophysical processes1,2. Humanity shares a long history with fire, 
with rich legacies of Indigenous fire stewardship seen in cultures across 
the world2–4. Fire has been used over time for a variety of local domestic 
purposes and to modify nearby habitats, and the advent of agricul-
tural fire can be estimated to date back at least 10,000 years1. Within 
fire-prone ecosystems, Indigenous and tribal relations with land reflect 
a coexistence with fire and an understanding of humans and fire as a 
coupled socio-ecological system3,5. The historic and ongoing struc-
ture of settler colonialism4,6 has suppressed and denied Indigenous 
fire stewardship and cultural burning in many regions, contributing 
to changes in fire regimes over the past 500 years and in the present 
day3,4. Contemporary land management in the United States influences 
fire regimes by altering the number and timing of ignitions, and the 
structure and availability of fuels1,4.

In the United States, land management and climate change-driven 
increases in fuel aridity have lengthened the frequency, extent 
and severity of large wildfires7–11 (where wildfires are defined as 
free-burning, uncontrolled vegetation fires2,12). Contrary to global 

burned area trends (Fig. 1a), the wildfire burned area in the United 
States has steadily increased over the past four decades, reaching 
nearly 41,000 km2 in 2020, the second largest burned area on record13 
(Fig. 1b). Between 1989 and 2022, an average of 29.6 km2 of cropland 
was lost to fire annually, with roughly 45% of losses occurring in western 
states14. Out of the 11 years where western states accounted for 50% 
or more of the total burned area, eight of these occurred in the past 
10 years (ref. 14).

Wildfire frequency and burned area are expected to increase in 
western states (Fig. 2), where agricultural sales are some of the high-
est in the United States and 16% of the nation’s 3.4 million agricultural 
producers operate12,15–18. According to the 2017 Census of Agriculture, 
over 2.4 million agricultural workers were hired in the United States 
across 513,137 farms and 36.5% of these workers were hired in western 
states16. California and Washington hired the most agricultural workers 
in the country, with 377,593 and 228,588 workers hired, respectively16. 
California also ranked as the country’s top producer of agricultural 
products (crops and livestock), comprising 12% of agriculture sales 
across the United States in 2012 and 2017 (ref. 16).
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productivity and profitability of agricultural resources and products 
in both the short and long term.

Livestock and grazing lands
Livestock are both victims and indirect agents of wildfire spread. When 
wildfires come into direct contact with cattle, the impacts range from 
cattle that appear unharmed, cattle that sustain injuries affecting their 
production capacity (burned feet, udders, eyes and severely singed hair) 
and cattle that lose their lives20. Eligible ranchers and farmers that lose 
cattle and other livestock to wildfire can seek compensation from the 
United States Department of Agriculture (USDA) Farm Service Agency 
Livestock Indemnity Program21.

The risks to livestock from fire can be exacerbated or suppressed 
by management practices. In the US Southwest, the addition of  
Buffelgrass (Pennisetum ciliare) for cattle production and grazing has 
contributed to more frequent fires. This exotic perennial grass serves 
as fire fuel by filling the spaces between typically sparse desert vegeta-
tion such as shrubs and cactus22. Fire, in turn, promotes the spread of 
Buffelgrass, causing larger and more frequent desert fires23. On the 
other hand, targeted cattle grazing efforts can help to suppress fires  
by removing fine fuels (for example, cheatgrass), creating fuel breaks 
and preparing seed beds through grazing hoof action24–27. Studies show 
the potential for targeted grazing to reduce fuel loads, occurrences of 
fires smaller than 1 ha and rates of burned area spread24–26. The potential 
for livestock activities to both spread and suppress wildfire highlights 
the need for fire-informed livestock and land-management practices 
that prioritize adaptation to increasingly flammable landscapes.

Agricultural property
Farmers can face major challenges in obtaining financial assistance 
for fire-induced damages to agricultural property. The California 
Farm Bureau Federation reports that since 2017 farmers in Sonoma 
County have submitted approximately 1,500 applications for help 
with damages; meanwhile, some agricultural policyholders have expe-
rienced fourfold increases in insurance premiums, while others have 
lost complete coverage28. Before July 2021, agricultural properties in 
California were excluded from the basic property insurance provided 
by the state’s Fair Access to Insurance Requirements Plan, the ‘insurer 
of last resort’ that many Californians turn to when coverage is denied 
on the open market29. For both homeowners and farmers, securing 
and maintaining property insurance in wildfire-prone areas is difficult 
and makes acquiring loans to pay for damaged and lost property even 
harder30,31. California Senate Bill 11, approved by California’s governor 
in July 2021, revised the Fair Access to Insurance Requirements Plan 
to include commercial farms and ranches in the definition of ‘basic 
property insurance’30.

Crop losses
As fires become more prevalent in the United States, western states 
are experiencing the greatest physical and financial losses. The USDA 
Cause of Loss dataset shows that in 2020 western states accounted for 
over 96% of US cropland area lost to fire, with California (180.4 km2), 
Washington (13.7 km2), and Oregon (8.3 km2) reporting the highest 
net-determined crop acres lost to fire damage14. The indemnity amount 
for 2020, or the total amount lost to fire, was also highest in these states, 
at US$250 million for California, US$3 million for Washington and 
US$5.75 million for Oregon14. The 2017 fires in California’s Napa and 
Sonoma Counties damaged about 200 ha of vineyards and prevented 
the harvest of about 800 ha of wine grapes, resulting in an estimated 
US$75 million in economic losses28; 39 wineries in Napa County were 
also damaged or destroyed by the 2020 Glass Fire32,33.

The USDA provides emergency financial services to farmers 
affected by fire and highlights a model to account for the unequal 
vulnerability faced by historically under-represented farmers. The 
USDA Emergency Loan Program assists farmers in recovering from 

As wildfire frequency and burned area are expected to increase in 
western states in the twenty-first century, wildfires pose a substantial 
threat to agricultural production in the United States12,15,19. Natural 
hazards can leave multilayered and lasting impacts on agricultural 
landscapes, and wildfires are no exception17,18; yet wildfire–agriculture 
interactions remain understudied. Our Review proposes three path-
ways of impact—direct, downwind and downstream—that highlight 
how wildfires affect agricultural resources (soil, water, air, photo-
synthetically active radiation (PAR)), labour (agricultural workers) 
and products (crops and livestock) (Fig. 3). While wildfires impact 
agriculture across the globe, we focus on the impacts of wildfires in 
the western United States, and survey the current state of research 
concerning our three pathways, identifying knowledge gaps and areas 
for continued research.

Direct pathway
The presence of wildfire in the agricultural landscape can directly dam-
age livestock, agricultural property, crops and soil, thus impacting the 

1985 1990 1995 2000 2005 2010 2015 2020

Year

3.5

4.0

4.5

5.0

5.5

6.0
Bu

rn
ed

 a
re

a 
(×

10
6  k

m
2 )

Global
Temperate North America

Boreal North America
US wildland

1985 1990 1995 2000 2005 2010 2015 2020

Year

0

10

20

30

40

50

60

Bu
rn

ed
 a

re
a 

(×
10

3  k
m

2 )
a

b

Fig. 1 | Trends in burned area. a, Global burned area from the Global Fire 
Emissions Database (GFED, version 4.1 s)116, calculated as the sum of all regions 
using the Analysis Tool at www.globalfiredata.org. b, Burned area for the GFED 
Temperate North America region, the GFED Boreal North America region and the 
National Interagency Coordination Center (NICC) US wildland fires13,116. GFED 
data are shown for 1997–2016, and NICC data are shown for 1985–2020.
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production and physical losses due to natural disasters and quarantine. 
The Noninsured Crop Disaster Assistance Program (NAP) provides 
financial aid to producers of non-insurable commercial agricultural 
crops34, and aims to address some of the systemic challenges facing 
farmers of colour, women farmers, low-income farmers and beginning 
farmers. Applicants who qualify as socially disadvantaged, limited 
resource, or beginning are eligible for a waiver of the service fee and a 
50% premium reduction. As demand for wildfire and disaster assistance 
increases, equity-focused models will be critical to aiding farmers of 
different backgrounds.

Soil health
Defined as “the continued capacity of soil to function as a vital living 
ecosystem that sustains plants, animals, and humans”35, soil health is 
integral to the productivity of agricultural lands and is differentially 
impacted by wildfire severity36. We outline soil processes that are 
commonly associated with wildfires below, and suggest how they can 
interact with agricultural systems.

Chemical properties. Low-severity fires can increase soil organic 
matter (SOM)37 and total extractable cations, whereas high-severity 
fires can deplete SOM, alter patterns of nitrogen cycling and increase 
soil cations36. In the short term, the pH, electrical conductivity and 
available phosphorus in soils can increase38 following wildfire, and 
agricultural soils can benefit from the addition of SOM in the form of 
burnt plant materials and ash. Owing to the loss of vegetative cover 
after fire, however, the potential for soil erosion and associated nutri-
ent loss remain a threat to the long-term health of agricultural soils39,40.

Physical properties. After fire, changes in soil hydraulic properties, 
hydrophobicity and ground cover can result in elevated rates of surface  
runoff and erosion41–43. High-severity fires that combust SOM can 
reduce aggregate stability, increase bulk density and develop surface 
seals, all of which can and reduce infiltration capacity36,43. Further 
decreases in infiltration capacity may be caused by soil-water repel-
lency, which can result from high temperature fires that cause organic 

compounds in soils to vaporize and then condense on soil particles, 
making them hydrophobic44. Moreover, the loss of ground cover makes 
soils more susceptible to erosion, nutrient runoff and leaching, and 
organic matter loss45–47.

Biological properties. Wildfires drive important changes to the soil 
microbiome, reducing belowground microbial biomass by up to 96% 
while also decreasing microbial richness, evenness and diversity48. 
Microbial communities that persist in burnt soils are frequently 
distinct from those in unburnt controls49, and specific classes of 
‘fire-loving’ pyrophilous soil bacteria and fungi can be enriched fol-
lowing wildfire50,51. Microbially driven nitrogen cycling is frequently 
altered post-wildfire, with reported decreases in the number of genes 
encoding denitrification in burnt forest soils52. However, highlight-
ing the complexity and temporal dynamics of biogeochemical cycles 
post-wildfire, other studies have reported increasing denitrification 
rates in burned soils53,54, probably stimulated by transient periods of 
high rates of nitrification55,56. Microbial symbioses with plant roots 
in the rhizosphere are also critical for plant health, and the loss of 
key microbial community members can disrupt these interactions57.  
In the western United States, the extent of pre-fire bark-beetle- 
driven tree mortality remains poorly understood in terms of its  
impacts on the resilience of the soil microbiome. Further research  
is needed on post-wildfire interactions between wildfire severity 
and the physical, chemical and biological properties and processes  
of soils to better understand how wildfires impact agricultural soils 
over time58,59.

Downwind pathway
Agricultural resources, workers and products can be impacted by 
changes in air quality and PAR that stem from wildfire smoke—a com-
plex mixture of particulate matter, including fine particulate matter 
measuring 2.5 μm or less in diameter (PM2.5), and gases60. Smoke from 
wildfires routinely elevates the abundance of PM2.5, hazardous air pol-
lutants and ozone (O3) across the United States, particularly in western 
states60,61,62. Smoke can impact agricultural worker and livestock health, 
as well as alter the light use efficiency and productivity of crops.

Agricultural worker health
Wildfire smoke is harmful to the health of agricultural workers and is 
associated with respiratory irritation and the exacerbation of under-
lying health conditions, including asthma and chronic obstructive 
pulmonary disease60,63. Despite these health risks and increasing trends 
of wildfire smoke exposure61, the full national impacts of wildfire smoke 
remain poorly quantified for the 2.5–3 million agricultural workers in 
the United States64,65.

Health risks for agricultural workers are magnified when smoke 
exposure occurs concurrently with high heat. For example, in the 
Pacific Northwest, high levels of PM2.5 driven by wildfires typically 
occur on days when the heat index exceeds 29 °C (ref. 60). Excessive 
environmental and metabolic heat exposure can cause heat rashes, 
heat cramps, heat syncope, heat exhaustion and heat stroke66,67, as 
well as an increased likelihood of traumatic injuries and acute kidney 
injury68,69. The combination of heat, dehydration and fatigue can also 
affect cognition and balance66,68.

Frontline communities that face the most damaging effects of 
wildfire smoke largely comprise marginalized social and demographic 
groups, who are more likely to face barriers to accessing healthcare, 
economic aid and social services70. Of the participants surveyed in the 
US Department of Labor’s 2015–2016 National Agricultural Workers 
Survey, 75% were born outside the United States, 83% self-identified 
as Hispanic and roughly half were unauthorized to work in the United 
States65,71,72. Half of all workers reported having no health insurance  
and named multiple barriers to receiving healthcare, including cost, 
language barriers, lack of transportation and poor treatment72,73; 
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Fig. 2 | Land cover and fire intensity in the western United States and Sonoma 
County. a,b, Land-cover data for the western United States (a) and Sonoma 
County, California (b) were extracted from the National Land Cover Database 
2019 survey; we only included land-cover classes that relate to agricultural or 
ranching activities117. Fire intensity data were derived from the Monitoring Trends 
in Burned Severity dataset, where fire intensity is rated from 1–4 (low–high) each 
year. We summed fire intensity data from 1985 to 2020 and classified ‘low’ fire 
intensity as areas where the summed values were equal to or less than 4 and ‘high’ 
fire intensity as areas with values greater than 4 (ref. 118). Credit: map in a, Esri, US 
DOC Census Bureau, US DOC, NOAA, NOS, NGS.
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authorized workers were nearly three times as likely to have health 
insurance72 than unauthorized workers. Similarly, a quantitative 
analysis of community characteristics found that census tracts with 
majorities of Black, Hispanic and Native American people are more 
vulnerable to wildfires than census tracts with majorities of white and 
Asian people74.

Workplace policies that require outdoor air quality monitoring, 
communication of wildfire smoke risks and personal protective equip-
ment—when the air quality index meets or exceeds 151 for PM2.5—have 
gained attention at federal and state levels in recent years61,75, but 
challenges remain in implementing adaptation solutions on farms70. 
The practice of piece-rate pay, where workers are paid by the amount 
they harvest, as well as the short harvest windows for some crops, are 
at odds with limiting exposure to wildfire smoke76. Workplace cultures, 
power dynamics, worker replaceability and attitudes of supervisors 
towards wildfire smoke remain barriers to implementing and enforcing 
education and safety practices61,64,77.

Livestock health
Wildfire smoke is also damaging to the health and productivity of 
livestock, although the national scope of this issue remains poorly 
quantified. Smoke irritates the eyes and respiratory tracts of livestock 
and is associated with behavioural responses that include nervousness, 
panic, aggressive and resistant behaviour and attempts to escape. In 
this elevated state, flight syndrome can activate in livestock and lead 
to injury or death while trying to flee from wildfires into fences and 
other barriers78.

Livestock are additionally affected by the PM2.5 emitted from 
wildfire events and anthropogenic activity. In recent studies on dairy 
cows in Colorado and Idaho, increased PM2.5 exposure was signifi-
cantly associated with decreased milk yield, even when controlling for 
known health effects of temperature and humidity78,79. Air pollution 
episodes have also been linked directly to livestock mortality since 
the late nineteenth century76,80,81, although modern scientific studies 
on air pollution-induced mortality (from wildfires or otherwise) are 
notably limited.

Crop productivity
The relationship between wildfire smoke and crop production is com-
plex, with the potential for both harmful and beneficial impacts on 
productivity, depending on the nature of the exposure. Wildfire smoke 
contains thousands of gas- and particle-phase pollutants82,83, including 
oxidizing gas species that are known to reduce crop yields, such as O3, 
nitrogen oxides (NOx) and acyl peroxyl nitrates. Smoke also contains 
particulate matter that can change the availability and characteristics 
of light reaching plants. Thus, as a smoke plume evolves downwind 
from wildfire and either envelops crops or travels overhead, it can add 
to pollutant exposure, decrease total radiation and alter the distribu-
tion of direct and diffuse radiation. Given current data, we focus our 
discussion here on the impacts of O3 and particulate matter on crops.

The production of O3 from wildfires depends on the smoke com-
position and age, plume concentration and dilution rates, time of 
day and meteorological conditions82,84. Mixing between smoke and 
urban air masses can enhance O3 production85, contributing to urban 
air pollution throughout the United States86. When O3 enters plant 
leaves through the stomata, it damages plant tissues through the pro-
duction of free radicals that hinder photosynthesis87,88. Yield reduc-
tions, increased susceptibility to disease and increased senescence 
are observed in annual and perennial crops exposed to O3 (refs. 87,89). 
While studies have estimated the financial costs of O3-induced declines 
in production—for example, losses of around US$1 billion yr−1 for  
perennial crops in California alone—additional research is needed to 
link production losses directly to the O3 attributable to wildfires88,90.

Observational studies that quantify the impacts of wildfire PM on 
crops are limited; however, we know that plant productivity is sensi-
tive to variations in total and diffuse PAR, and that smoke contributes 
to variability in both parameters across the United States. Although 
decreases in total PAR can reduce productivity, enhanced light use effi-
ciency from a greater diffuse fraction can counteract losses84. Increases 
in plant light use efficiency are expected in environments with complex 
canopy architecture84,91 where shade-adapted leaves can utilize diffuse 
PAR, leading to positive correlations between aerosol optical depth and 
gross primary productivity91. The photosynthetic pathway of plants 
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may also play a role in determining the degree to which increased 
diffuse radiation impacts productivity. Compared with C4 crops, C3  
crops exhibit greater light use efficiency when exposed to an elevated 
diffuse fraction of radiation92–94.

In addition to wildfire O3 and PM, wildfire-induced biogenic  
volatile organic compounds and smoke-related taint are impacting 
specialty crops such as wine grapes, and leading to reductions in  
quality, flavour and profitability32,95.

To understand the impact of wildfire smoke on crops, information 
on smoke age, smoke thickness, smoke altitude, canopy structure 
and photosynthetic pathway are needed. As the numbers of wildfires 
and the sizes of burned areas continue to increase, understanding the 
diverse implications of wildfire smoke on crop production will become 
increasingly important.

Downstream pathway
Forests serve as headwaters for nearly 40% of watersheds in the  
western United States, making them a critical area that can threaten 
agricultural and drinking water when burnt96,97. As wildfires burn  
forests and human structures, water quantity and quality in streams, 
reservoirs and irrigation water supplies will be negatively impacted.

Water quantity
Wildfires impact the timing and magnitude of stream flows by decreas-
ing transpiration and altering soil interception and infiltration98. When 
vegetative cover burns, canopy structure and albedo are altered, 
impacting snow accumulation and melt rates99,100. Reduced infiltra-
tion capacity on burnt, hydrophobic soils can also lead to overland 
flow, destructive floods and debris flows101–103. Although lower-severity 
wildfires have limited effects on streamflow, moderate- to high-severity 
wildfires can increase peak flows by 5–870 times45. The net effects of 
wildfire on streamflow are highly variable across different timescales, 
climates, types of disturbance, rates of regrowth and other factors104; 
however, any changes that decrease the availability and reliability of 
surface water supplies for irrigation can negatively impact agricultural 
systems.

Water quality
Soil sediments transported in storms after wildfire can impact irrigation 
water supplies by causing physical damage, reducing reservoir capacity  
and threatening water quality105,106. Following the 2002 Hayman Fire, 
the City of Denver (Colorado) spent US$30 million on a dredging 
project to remove roughly 480,000 m3 of sediment from the Strontia  
Springs Reservoir45. Post-fire storms can also leave streams with large 
amounts of sediments, nutrients, heavy metals and contaminants, 
posing a threat to agricultural lands and water supplies45,107.

As soil nutrients combust, they can remain in particulate form 
and enter water sources through erosion and leaching. While water 
quality responses vary over time and across watersheds, increases 
in certain nutrient, ion and metal concentrations and loadings have 
been observed 5 years after fire108. High levels of sediment and ash 
can also temporarily increase the pH of water and impact the avail-
ability of certain plant nutrients109. As wildfires increasingly burn at the 
wildland–urban interface (where human structures meet or mix with 
natural vegetation110), the combustion of plastics and other materials  
associated with human activity can generate cocktails of harmful  
products111,112. The quantities of such compounds in irrigation water 
and the implications for soil and crop health are unknown.

A wildfire–agriculture research agenda
Changes in climate and land management have increased the frequency 
and size of wildfires in the western United States today. Although the 
discussion around wildfire impacts on society and the environment is 
well recognized, the effects of wildfire on agriculture remain under-
studied. We identified three pathways of impact—direct, downwind and 

downstream—through which wildfires influence agricultural resources, 
labour and products. We find that wildfire impacts on the agricul-
tural landscape can be highly disruptive and nuanced, cutting across  
fields of study, and influencing both human and natural systems.

We propose that future research seek to understand the magnitude 
and scope of wildfire impacts on agriculture within each pathway and 
how these impacts may change across time and environments. This 
research will inform our understanding of the relative importance of 
each pathway and how these impacts may differ from region to region, 
given the diversity of climates, wildfire regimes and agricultural sys-
tems across the world. Where possible, research should quantify the 
economic costs of wildfire impacts to enable comparison between 
pathways and highlight management priorities.

We encourage conversations involving agricultural communities, 
researchers, policymakers and Indigenous tribes (that is, cross-cultural 
fire stewardship3,12) to promote collaboration in developing adaptation 
strategies, management practices and future research, and acknowl-
edge the paramount need to rebuild trust with tribal nations. Greater 
preparedness and stronger relationships among stakeholders will 
be necessary for effective post-fire responses and communication, 
especially considering the extent and severity of today’s fires. Such 
efforts would be particularly timely given the infusion of funding for 
cross-boundary fuel reduction under the Infrastructure Investment 
and Jobs Act (Public Law 117-58; ref. 113) and subsequent Wildfire Crisis 
Strategy from the US Forest Service19; this would also build on other 
cross-boundary, collaborative approaches in forest management (for 
example, the Collaborative Forest Landscape Restoration Program113). 
Existing collaborative efforts and capacity to reduce fire hazards  
could be leveraged through: (1) rebuilding stronger consensual part-
nerships with tribal nations (see the White House Office of Science  
and Technology Policy (OSTP) and Council on Environmental Quality  
(CEQ) Memorandum114, which emphasizes the need to integrate  
Indigenous knowledge and sovereignty into federal decisions);  
(2) integrating activities for all stages of fire management, including 
pre-, during- and post-fire responses; and (3) integrating downwind 
and downstream agricultural communities into collaborative fire 
management groups.

While our Review highlights the western United States, agriculture 
is a critical industry across the world that will continue to be influenced 
by changing wildfire regimes, making this a globally relevant topic of 
discussion2,7,10,22,115. Research on wildfire–agriculture interactions in 
many different contexts will be needed to understand the diversity 
of impacts and mitigate harms where possible. Re-examining our 
relationship with fire and understanding anthropogenic influences 
and cultural practices as being interconnected with ecological drivers  
of wildfire could provide a critical shift in how we think about and 
respond to fire, with the aim of better informing the future of policy, 
adaptation, management and research surrounding wildfire and agri-
culture interactions3.

Methods
Sampling strategy
We reviewed scientific literature, reports and news articles that dis-
cussed wildfire and agriculture in the western United States and North 
America. No statistical methods were used; instead, keywords were 
used for sampling in Google Scholar and Web of Science: wildfire and 
agriculture, wildfire and crops, wildfire on soil, wildfire and livestock, 
wildfire impacts on agriculture, wildfire and farmworkers, wildfire 
smoke and crops, wildfire smoke on agriculture. References from 
relevant papers were also utilized in the sampling strategy.

Data availability
The annual burned area datasets used were open access and obtained 
from the Global Fire Emissions Database analysis tool (1997–2016)116 
and the National Interagency Fire Center (1983–2020)13. Burned 
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areas were converted and reported in square kilometres per year. 
Land-cover data and fire intensity data in Fig. 2 were extracted from 
two open-access sites: land-cover data were derived from the National 
Land Cover Database (NLCD) 2019 (ref. 117) and fire intensity data were 
derived from the Monitoring Trends in Burned Severity (MTBS) dataset, 
where fire intensity is rated from 1–4 (low–high) each year118.
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