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Abstract. Wildfire regimes of the western United States (US) have changed dramatically since the 1980s but our understanding
of the causes and effects of these changes is limited by a lack of a quality-controlled, publicly available wildfire database that
(1) spans from the 1980s to present, (2) represents wildfires across a wide range of sizes, and (3) includes mapped fire
perimeters and the areas burned within. Here we present an updated and improved Western US MTBS-Interagency database
(WUMI2024a) of wildfire occurrences, perimeters, and burned-area maps, covering the period 1984-2024 and the geographic
domain of the 11 westernmost states in the contiguous US. The database represents 22,234 wildfires >1 km? in size, which we
compile by merging seven publicly available government databases. For over 47% of wildfires in our database (more than
10,300 wildfires), the maps of fire perimeters and area burned are based on 30-m satellite data provided by the US
government’s Monitoring Trends in Burn Severity (MTBS) project, allowing our mapping and assessments of total area burned
to account for heterogeneity within fire boundaries. For another 24% of fires, our database includes perimeter observations
provided by non-MTBS sources, meaning that only 29% of fire occurrences are without perimeter observations. For these
fires, which are generally small and account for <5% of total burned area in the database, we tentatively assume perimeters
are circular centred on the ignition location, but with shapes adjusted to not include areas dominated by open water or barren

ground. The fire perimeters and burned area maps in our database are intended to jmprove assessments of temporal variations

and trends in wildfire frequency and area burned, assessments of the landcover types that burn, and simulations of how
historical fires have affected ecosystems, smoke emissions, and hydrology. The WUMI2024a can be quickly updated as new
and improved data become available. The WUMI2024a dataset and the code used to produce the dataset are available at

https://doi.org/10.5061/dryad.63xsj3vd4, (Williams et al., 2025).

1 Introduction

The annual area burned by wildfires in the western United States (US) has increased dramatically over the past four decades,
largely due to rapid increases in the forested area burned by large wildfires (Juang et al., 2022). Fire activity is expected to

continue changing in the coming decades as complex and interactive responses to changes and variations in climate, vegetation,
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and human activities (Westerling et al., 2011; Bryant and Westerling, 2014; Keeley and Syphard, 2016; Parks et al., 2016;
McKenzie and Littell, 2017; Parks et al., 2018; Westerling, 2018; Hurteau et al., 2019; Abatzoglou et al., 2021). The effects
of changing fire regimes on humans and ecosystems will also be complex, related not only to changes in the locations, sizes,
and frequencies of fires, but also to their intensities, severities, and emissions of pollutants and greenhouse gases. Quantitative
modeling is a critical tool for understanding the complex causes and effects of historical and future fire regimes and assessing
the effectiveness of strategies to avoid disastrous outcomes. However, the complexity of wildfires and their coupled
interactions with ecosystems and human society prevent such model simulations from being performed across the large spatial
scale of the western US without high degrees of parameterization. Instead, fire models that operate at regional to global scales
are largely statistical, based on equations parameterized to optimally reproduce historical observations of, wildfire activity

(Hantson et al., 2016; Williams and Abatzoglou, 2016).

Unfortunately, the usefulness of existing observational wildfire datasets for model parameterization and calibration are limited,
even in the western US where government wildfire records are public, free, and extend back decades. Among the most valuable
and heavily used is a database of perimeters and high-resolution (30-m) satellite-based maps of burned area and fire severity
developed by the interagency Monitoring Trends in Burn Severity (MTBS) program, covering 1984 to near-present
(Eidenshink et al., 2007). The main limitation of this dataset is that, in the western US, it only represents fires >4.04 km? in
size, which account for most area burned in the region but only a small fraction of fire occurrences. Another commonly used
dataset is the US Forest Service (USFS) Fire Program Analysis Fire Occurrence Dataset (FPA FOD), version 6, a database
including ignition locations, dates, and sizes of over 2.3 million wildfires from 1992-2020, as reported by US federal, state,
county, and local agencies (Short, 2022). This dataset includes fires of all sizes and was intensively quality controlled to
minimize duplicative fires, which are common in government records, but limitations are that it is point-based, does not span
back into the 1980s or forward to near-present, and is subject to temporal changes and geographic inconsistencies in reporting

practices, Another interagency list of wildfire occurrences, available through the Wildland Fire Application Information Portal

(WFAIP), extends back through the 1980s but does not include fires reported by non-federal agencies and is not quality
controlled to remove duplicates. In addition, the National Interagency Fire Center (NIFC) hosts a number of fire perimeter

datasets on its Open Data site (https://data-nifc.opendata.arcgis.com/), but none is without a major caveat related to

comprehensiveness, temporal coverage (the most comprehensive dataset covers <10 years), or lack of ignition dates or
locations. A recent effort by the US Geological Survey (USGS) produced a quality-controlled compilation of US fire
perimeters extending back to the 1800s (Welty and Jeffries, 2021), but limitations are that this dataset does not include fires

that lack perimeter data and it currently ends in 2020.

Here we present the Western US MTBS-Interagency (WUMI) database of large (>1 km?) wildfires, version 2024a, coveying
1984-2024 (WUMI2024a). This version name reflects the final complete year represented in the dataset and accommodates
the possibility of future releases before the dataset extends jnto 2025, Previous versions of the WUMI, most recently Juang &
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Williams (2024), were not documented in a full-length paper and simply provided a list of wildfire events and monthly maps
of western US area burned, and the MTBS dataset was the only source of actual fire perimeters and footprints of area burned.
All other fires were assumed circular. In this update, we merge and quality-control seven government databases of observed
wildfire, five of which provide fire perimeters, to greatly increase the proportion of fires with observed fire perimeters. In
addition to the list of wildfire start dates, start locations, and final sizes provided by the WUMI2024a, the database also now
includes 1-km resolution maps of area burned as well as observed or estimated perimeters for each fire. The improved
geographic representation of fire extent in this dataset allows for better identification of the land-cover types burned in wildfire,
which should improve the accuracy of statistical assessments of fire-landcover relationships across the large and ecologically

diverse western US. The gomprehensive archive of wildfire perimeters will also aid efforts to use high-resolution satellite

imagery to map the severities of many more historical and recent fires than was previously possible, and to improve accuracy
of simulations of how historical wildfires have affected ecosystems, terrestrial carbon balance, and smoke emissions in the
western US. Finally, the WUMI2024a can be updated with relative ease as new and improved wildfire observations become
available. This is critical, as continued changes in climate, ecosystems, and human activities are likely to promote continued
occurrences of non-analog wildfire behavior that incentivize scientists to continue updating their quantitative models and

understanding of how western US wildfire is likely to change in the coming decades.

2 Data sources and methods

The geographic domain of the WUMI2024a is the 11 westernmost states of the coterminous US: Arizona, California, Colorado,
Idaho, Montana, New Mexico, Nevada, Oregon, Utah, Washington, and Wyoming. The time period covered is 1984-2024 and
the WUMI2024a only represents wildfires >1 km? (100 ha) in size. The WUMI2024a consists of a list of all wildfire events in
the database, monthly maps at 1-km resolution of area burned across the full western US domain, and, for each event, a
shapefile with the known or estimated fire perimeter as well as a 1-km resolution map of the fraction of each grid cell that
burned. We describe each wildfire database in section 2.1 and then how we merged them to produce the WUMI2024a in

section 2.2. A schematic outlining the approach is provided in Fig. 1.
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Figure 1. Flowchart outlining the approach to develop the WUMI2024a.
2.1 Data

Most datasets described below provide a fire start date but do not specify whether this is the date of ignition or discovery. We
refer to the dates provided as “start dates.” For fires with no reported ignition location (only perimeter), we estimate the ignition
location as the coordinates of the perimeter’s centroid. When possible we replace these derived points with reported ignition

locations from agency reports (e.g., FPA FOD). Here we describe each data product.

2.1.1 MTBS

The MTBS project (Eidenshink et al., 2007) maintains a database of Landsat-based maps of burned areas at 30-m resolution
for large (>4.04 km?) fires spanning 1984-2024, though records for 2023 and 2024 were incomplete at the time of last access.
The MTBS dataset distinguishes four fire types: Wildfire, Prescribed fires, Wildland Fire Use, and Unknown. We exclude the
Prescribed fire type. In addition to uses of the fire sizes provided as attributes in the MTBS records, which represent total area
within the fire perimeter, we estimate the area burned by each fire as the summed area of all 30-m grid cells classified as
burned by the MTBS. Excluding unburned 30-m grid cells within the fire perimeters provides a more accurate estimate of

actual area burned. Data were accessed from www.mtbs.gov/ on April 26 2025.
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2.1.2 FPA FOD

The USFS Fire Program Analysis Fire-Occurrence Database (FPA FOD), 6" edition (Short, 2022), is a compilation of final
wildfire reports from the federal, state, and local fire services, currently spanning 1992-2020. The spatial component is limited
to reported point locations of fire ignitions, although, when applicable, the database identifier for the corresponding MTBS
perimeter is included for FPA FOD fires represented in the MTBS dataset. This dataset is described in detail by Short (2014).
Data were accessed from https://doi.org/10.2737/RDS-2013-0009.6 on November 4 2022.

2.1.3 WFAIP

The Wildland Fire Application Information Portal (WFAIP) includes an archive of point-based final fire reports from federal
agencies, including the USFS and the Fish and Wildlife Service from 1972-2020 and by the Bureau of Land Management,
Bureau of Indian Affairs, Bureau of Reclamation, and National Park Service from 1972-2017. We limit incorporation of these
records to 1984-1991 in favor of the FPA FOD dataset for 1992-2020 because the WFAIP shows a drop-off in wildfire
frequencies in the first decade of the 2000s that is not apparent in other data sources and the FPA FOD includes fires reported
by state and local agencies and is scrubbed for redundancy as described in Short (2014). The WFAIP data were not used by
the FPA FOD to extend that record prior to 1992 due to concerns about inconsistencies in reporting and the completeness of
the records, but they are still a valuable resource for our purposes. Data were accessed from www.wildfire.gov/page/zip-files

on December 15 2024.

2.1.4 CalFire

The California Department of Forestry and Fire Protection (CalFire) Resource Assessment Program (FRAP) maintains a
database of perimeters for fire incidents in California. The first fire represented occurred in 1898 and the latest version includes
records through 2024. The criteria that CalFire uses to determine which fires to include in the FRAP database have changed

over time, but for the large >1 km? fires and time period of focus in the WUMI2024a, the policy has been consistent. CalFire

FRAP does not provide ignition locations, so we initially estimate each fire’s ignition location as the centroid within each fire’s
perimeter. Data were accessed from www.fire.ca.gov/what-we-do/fire-resource-assessment-program/fire-perimeters on April

26 2025.

2.1.5 WFIGS

The NIFC hosts a database of fire perimeters maintained by the Wildland Fire Interagency Geospatial Services (WFIGS)
Group. These perimeters are for wildland fire incidents that have been reported with an Integrated Reporting of Wildland Fire
Information identification code (IRWIN ID). The first fire in this database is from 2018 and the dataset is updated in real-time,

but federal records prior to 2021 are incomplete and perimeters may be missing for non-federal fires throughout the period of
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record. This dataset only includes wildfires with perimeter data. Data were accessed from https:/data-

nifc.opendata.arcgis.com/datasets/nifc::wfigs-interagency-fire-perimeters/about on October 10 2025.

2.1.6 USGS

The USGS compiled a dataset of US fire perimeters from 40 sources spanning from the 1800s through 2020 (Welty and
Jeffries, 2021). Their quality controlled “combined wildland fire polygon dataset” includes perimeters for >100,000 fires,
including >14,000 wildfires >1 km? in the western US from 1984-2020. In cases of multiple data products providing
overlapping fire boundaries, likely representing the same fire event, the authors dissolve the boundaries into a single best-
estimate boundary and they save the metadata reported by each product (e.g., fire name, ignition and/or discovery date, IRWIN
ID). In cases of multiple fire names listed for a given fire, we select the most common name, or the first name listed in the case
of a tie. For start date we use the ignition date when available and discovery date when not. In the case of multiple start dates

we use the one more commonly reported, We discard the small proportion (8%) of 1984-2020 western US fires >1 km? in size

that are missing start date information beyond fire year. This dataset does not report ignition locations and only includes fires

with perimeter data. We therefore use this dataset to provide perimeters for fires listed by the more comprehensive fire-

occurrence lists that lack,perimeter data (FPA FOD and WFAIP), but not as a primary source of fire-occurrence records. Data

were accessed from www.sciencebase.gov/catalog/item/61aa537dd34eb622{699df81 on June 9 2025.

2.1.7 IAFPH

The NIFC hosts a database of US wildfire perimeters called the Interagency Fire Perimeter History (IAFPH), with some records
dating prior to the 1900s and spanning through 2023. There is a marked increase in the annual number of IAFPH fires
throughout the 20" century that reflects changes in availability of perimeter data rather than changes in actual fire frequency.
The IAFPH dataset only provides the year of fire occurrence, not start dates, and does not provide ignition location. The IAFPH
is therefore a useful resource for perimeters associated with known fires, but not as a primary source of fire-occurrence records.
Data were accessed from https:/data-nifc.opendata.arcgis.com/datasets/nifc::interagencyfireperimeterhistory-all-years-

view/about on October 14 2024.

2.2 Processing and merging of datasets
2.2.1 Within-dataset quality control

From each dataset described above we remove fires <1 km? in area as well as duplicate entries in which multiple fires are
reported as occurring at the same location with the same size on the same date. We next remove likely duplicates, identified
as fires that occurred within 5 days, have matching names, and are within 100 km of each other (reported fire locations are
often imprecise or inaccurate). These thresholds were determined empirically to allow for the automatic detection of the vast

majority of duplicate fires with identical names. We found that loosening the distance and start-date criteria increasingly led
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to automated detections of duplicates that did not stand up to scrutiny, as pairs of identically named fires that are distant in
time or space are more likely to have large discrepancies in reported fire sizes or to have commonly used fire names. We use
flexibility in searching for matching names, for example by allowing for variants such as abbreviations (e.g., “MOUNTAIN"
vs “MT” or “CANYON” vs “CYN”) and punctuation (e.g., “.” or “#”). If a fire’s full name is within the name of another fire,

we interpret them to be duplicates if they are within 5 days and 50 km. Among pairs with UNKNOWN names, we treat them

as duplicates if they are within 25 km, 3 days, and 10% of the larger of the fire sizes. If these criteria are met between a pair
of fires but just one fire’s name is UNKNOWN, they are considered duplicates if they are within 1 day of each other. When
fires within a given database have identical date and size, we retain only the first database instance. When date and size are
not identical, we keep the fire with the earlier date and then the larger size. In identifying duplicate fires within the FPA FOD,
we do not indicate fires as duplicates if they were previously identified by Short (2022) as linked to different MTBS fires.
Finally, for CalFire, WFIGS, IAFPH, and USGS, we identify pairs of fires with start dates within 14 days and overlapping
perimeters. If >50% of one fire’s boundary is contained within the other’s, we only keep the larger fire. For WFAIP and FPA
FOD, for which boundaries are not available, we do the same but assume fires are circular, centered on the reported ignition
location. After automated quality control we perform rigorous visual inspection of fire lists and maps of fire perimeters to

identify additional duplicates and errors in fire dates or locations.

2.2.2 Dataset merging

To develop our final dataset, we begin by making a master set of non-MTBS fires from WFAIP, FPA FOD, WFIGS, and

CalFire. We then merge this dataset with MTBS fires and then, when possible, replace perimeters associated with WFAIP and
FPA FOD fires, which we initially estimate to be circular, with fire perimeters from USGS and IAFPH.

To produce the non-MTBS dataset, we merge CalFire with WFAIP for 1984-1991, FPA FOD for 1992-2020, and WFIGS for
2021-2024, prioritizing CalFire in cases of overlap. For WFIGS, most matches to CalFire records are easily identified via
common IRWIN IDs. We additionally assume a non-CalFire fire to be a match to a given CalFire fire if it has the same name,
has a start-date within 5 days of the CalFire discovery date, and has an ignition location within 1° latitude and longitude of the
bounding box of the CalFire boundaries. For CalFire fires with UNKNOWN name and cases of non-matching names, we
consider a non-CalFire fire to be a match with, or part of, a CalFire fire if it is within 5 days of the CalFire fire and the ignition
location is within the CalFire bounding box. We additionally identify WFIGS fires as matches to CalFire fires if their listed
discovery dates are within 5 days and they have overlapping boundaries. When matches between non-CalFire and CalFire fires
are identified, the estimated CalFire ignition location (estimated as the centroid within the perimeter) is replaced with the

ignition location reported for the non-CalFire fire. When this leads to an ignition location, outside the CalFire perimeter, Jhe

location is readjusted to the nearest point along the CalFire perimeter. Some CalFire fires represent fire complexes made of
multiple fires that began separately and merged. When multiple non-CalFire fires are linked to a given CalFire fire, we save

this information and the CalFire ignition location is assigned the ignition location of the non-CalFire fire that is closest in size.
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We next merge the non-MTBS dataset with MTBS by identifying matches between non-MTBS and MTBS fires and
prioritizing MTBS when possible due to the high-resolution (30 m) maps of area burned that MTBS provides. For WFIGS, we
identify matches to MTBS by comparing IRWIN IDs. In addition, in producing the FPA FOD dataset, Short (2022) identified
matches between FPA FOD and MTBS fires and provided the corresponding MTBS Fire IDs, which we use to link FPA FOD
and MTBS fires. However, some matching fires between the FPA FOD and MTBS are not immediately evident based on the
MTBS Fire IDs provided in the FPA FOD because the MTBS undergoes regular revisions and some of its Fire IDs have
changed. After using IRWIN IDs and MTBS Fire IDs to find matches between non-MTBS and MTBS fires, we identify
additional matches using fire names, locations, and sizes, similar to our method described above to merge non-CalFire and
CalFire fires. For the merge with MTBS our method is somewhat more liberal than for CalFire because, first, MTBS fires are

exclusively large fires, and therefore more likely to represent fire complexes composed of multiple smaller fires that merged.

Second, many MTBS burned areas are identified post-hoc with satellite imagery, but the pre- and post-fire images used are

generally not from satellite overpasses immediately before and after the fire, so purned areas attributed to some MTBS fires

are actually from multiple fire events. To identify linkages between MTBS and non-MTBS fires, we first attempt to identify
for each MTBS fire, any non-MTBS fires with the same name, dates within 14 days, and ignition locations within 1° of the
MTBS fire’s bounding box. We next link non-MTBS and MTBS fires, regardless of name, if the start dates are within 5 days
and the non-MTBS fire’s ignition location is within the MTBS bounding box. Additionally, we link WFIGS and CalFire fires
to MTBS fires if the start dates are within 14 days and fire perimeters overlap. As with the CalFire merge, we allow for multiple
non-MTBS fires to be linked to the same MTBS fire. See section 2.4 for additional description about how these cases are
handled. Finally, we delete all MTBS fires that are identified by MTBS as an Unknown fire type and without any match to a
non-MTBS fire, as these are likely to be prescribed fires that were never reported but produced burned areas detected post-hoc
in the satellite imagery by the MTBS team. All remaining MTBS fires without linkages to non-MTBS fires are added to the
list of non-MTBS fires to complete our final list of WUMI2024a wildfire events. When linking FPA FOD and WFAIP fires to
MTBS fires, we adjust any FPA FOD and WFAIP ignition location that falls outside its associated MTBS polygon to lie on

the nearest point along the MTBS polygon.

Importantly, we found it infeasible to automate a one-size-fits-all set of rules that effectively detects duplicate fires within or
between datasets without need for intensive additional scrutiny. For example, the same fire is often assigned different names
by different government agencies; the same name may be spelled or misspelled in a range of ways; and dates, locations, and
sizes are not always reported consistently across agencies, sometimes with large differences. Therefore, at every step of the
quality-control and dataset-merging process we conduct rigorous visual inspections of fire lists and perimeter maps to identify
additional duplicate fires between or within datasets as well as fires that were misidentified as redundant by our automated

routine. Due to the intensive nature of the visual inspection and manual correction process we are confident that the quality of
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the final WUMI2024a dataset, while certainly not without remaining errors, is not highly sensitive to the specific rules

implemented in the automated portion of the process.

2.2.3 Supplementary datasets with fire perimeters

Although WFIGS is incomplete prior to 2021, USGS does not provide ignition locations or records of fires lacking perimeter
data, and IAFPH does not provide ignition location or start date, these datasets can provide unique geographic information for
many fires in the WUMI2024a. We therefore treat WFIGS during 2018-2020, USGS, and IAFPH as supplementary. During
each supplementary dataset’s period of overlap with the WUMI2024a (2018-2020 for WFIGS, 1984-2020 for USGS, 1984—
2023 for IAFPH), we identify matching fires in the WUMI2024a. Matches are identified when names match, fire starts are
within 14 days (or same year in the case of IAFPH), and the WUMI2024a ignition location is within 0.25° of the supplementary
perimeter’s bounding box. In cases of matching UNKNOWN fire names, the WUMI2024a ignition location must be within
the supplementary fire’s bounding box and its size must be within 10% of the supplementary fire’s size. If a WUMI2024a fire
is matched to more than one supplementary fire, WFIGS is prioritized because it provides ignition locations and start dates,
then USGS because it provides start dates, and then IAFPH. In the case of a match to an FPA FOD or WFAIP fire, that fire is
assigned the perimeter and size of the supplementary fire and the ignition location is adjusted if outside the fire perimeter. In
the case of a match between WFIGS and CalFire, the WFIGS ignition location is assigned to the CalFire fire and adjusted if
outside the CalFire perimeter. Matches to other datasets (e.g., a supplementary fire to an MTBS fire) are recorded but no
changes are made. Finally, for any FPA FOD or WFAIP fire not assigned a perimeter from an alternative dataset, we initially
assume the fire perimeter to be circular centred on the ignition location. We then adjust the boundaries and sizes of circular
perimeters such that burned areas exclude areas of open water, permanent ice, or barren ground according to the previous
year’s map of landcover type from the USGS annual National Land Cover Database (NLCD) (USGS, 2024).

2.3 Burned-area maps

For each fire in the WUMI2024a we produce a 1-km resolution map of fractional area burned. For MTBS fires, this is done
by, for each 1-km grid cell in our study region, summing the area, in units of km?, of all 30-m grid cells identified as burned
in the original MTBS dataset. For fire perimeters from CalFire, WFIGS, USGS, and IAFPH, we assume the area within the

fire perimeter is burned uniformly, accounting for partial-cell overlap with the fire perimeter as well when fire perimeters

indicate gaps within the area burned or disconnected burned areas. Notably, many of these non-MTBS perimeters do include
within-fire gaps where burning did not occur. For FPA FOD and WFAIP fires assumed to be circular, we adjust the 1-km grids
of area burned by multiplying by the fractional land cover that is not open water, permanent ice, or barren ground according
to the NLCD, thus excluding areas deemed unburnable. Finally, as a quality control measure we make regional maps of
monthly and annual area burned to identify cases of suspiciously high burned areas concentrated in time. This leads us to find
duplicate fires not previously identified and, in some cases, use internet searches to identify incorrect dates or locations of

fires. Over several iterations we correct found issues and remake the dataset following the methods described above.
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2.4 Summary of the final dataset

The WUMI2024a database represents 21,940 wildfires >1 km? in size according to the area within the fire perimeter if MTBS
fires are always prioritized as single events even if they are composed of multiple smaller events. However, 119 MTBS fires
are composed of multiple non-MTBS fires. For example, some fire complexes, defined as fire events composed pf multiple
fires that began independently but merged, are represented by MTBS as single events. In these cases, we refer to the large
MTRBS fires as parent fires and the smaller fires within as sub-fires. Because these sub-fires generally have different ignition
locations and start dates from the parent fire, we produce an alternative list of WUMI2024a wildfire events that replaces each
parent fire with its sub-fires. In this version, we adjust the sizes of sub-fires so that they sum to equal the sizes of the parent
fires. When the ignition location for a sub-fire is not within the satellite-derived area burned of the MTBS parent fire, we adjust
the ignition location to the nearest burned location within the parent fire’s footprint. In the alternative list of wildfire events
that replaces each parent fire with its sub-fires, there are 22,234 wildfires >1 km? in size. We realign the sizes and locations of
sub-fires to be consistent with the MTBS parent because the MTBS maps of area burned are satellite-based and rigorously
quality controlled. In contrast, the fire sizes and ignition locations reported in other datasets are often approximate, as
exemplified by cases in which the same fire is reported by different agencies but with non-identical sizes and ignition locations.
On the other hand, adjustment of fire size and ignition location introduces errors for cases in which one or more of the sub-
fires was misidentified (did not actually contribute to the burned area mapped by MTBS), not all sub-fires were identified, or
two or more sub-fires were actually the same event but not identified as such. That said, we find that, among the 119 cases in
which a parent fire is composed of sub-fires, the sum of the areas burned by the sub-fires consistently agree well with the total
area of the parent fire (Fig. S1), giving us confidence that any unintended errors caused by adjustments to sub-fire sizes and

ignition locations are generally minor.

Thus, the WUMI2024a includes two lists of wildfire events. The list that prioritizes sub-fires over parent fires may be
preferable when the goal is to use the most accurate records of ignition dates and fire frequencies. However, perimeter data

are not available for some sub-fire events, and MTBS is the only dataset that yesolves unburned areas within fire perimeters.

Therefore, prioritization of parent fires over sub-fires may be preferable in applications requiring the most accurate maps of
area burned. Importantly, the 119 parent fires and their 413 sub-fires are rare, constituting <2% of all fires in the dataset,
meaning that analyses of fire frequencies or areas burned at the large scale of the western US will not be strongly sensitive to
whether parent fires or sub-fires are prioritized. Additionally, for each parent fire the WUMI2024a database includes a text
file that provides the pre-adjustment ignition locations and sizes of sub-fires. Table S1 provides descriptions of the wildfire

attributes included in the WUMI2024a lists of wildfires and sub-fires.

As mentioned above, the final ignition locations for some FPA FOD and WFAIP fires are different from those originally

reported because, when we found a linkage between an FPA FOD or WFAIP fire and a fire from an alternative dataset that
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provides perimeter data, we adjusted FPA FOD or WFAIP ignition locations to the nearest point along the perimeter if the
originally reported ignition location fell outside the perimeter. Notably these adjustments were relatively rare and minor. Of
the 9,434 FPA FOD or WFAIP fires in the final dataset, ignition locations are adjusted for 16.8%. Of these, the median
adjustment distance is 406 m and 95% of adjustments were within 6.6 km. Users can retrieve the originally reported ignition
locations from the original lists of FPA FOD and WFAIP fires that we provide as part of the WUMI2024a archive by cross-
referencing the unique FPA FOD and WFAIP fire identifiers provided in the final lists of WUMI2024a fires with those in the

original lists of fires represented in those databases.

In addition to maps of area burned by individual fires, we provide monthly 1-km resolution maps of total area burned across

the western US, prioritizing parent fires over sub-fires due to their superior spatial data.

Information on ignition cause is available for many fires in the CalFire, FPA FOD, WFIGS, and USGS datasets. We preserve
this information in the list of WUMI2024a wildfires. When one dataset (e.g., FPA FOD) provides ignition-cause information
for a given fire, but another dataset without ignition information is prioritized for that fire due to superior spatial information

(e.g., MTBS), the ignition cause information is carried over.

Figure 2 presents maps of the 22,234 ignition locations reported in the WUMI2024a as well as the areas burned. The map of
ignition locations (Fig. 2a) distinguishes fires ignited in forest versus non-forest areas and the grey contours in both maps
bound forested areas. We map forest areas using the 250-m resolution map of forest classifications from Ruefenacht et al.
(2008). We consider an ignition to be in a forest area if its location lies in a 1-km grid cell for which >50% of the 250-m grid

cells within are classified as forest, In the assessments below we divide the western US into four quadrant regions, mapped in

Fig. 2: Pacific Northwest (PNW), Northern Rockies (N Rockies), California and Nevada (CA/NV), and Four Corners (4

Corners).
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Figure 2. Maps of large (>1 km?) wildfires in the WUMI2024a from 1984-2024. (a) Ignition locations. Dot colors indicate
locations outside (orange) versus inside (green) forested areas. (b) Number of times burned, approximated as the sum of
monthly 1-km resolution maps of fractional area burned. Grey contours bound forested areas where 12x12 km forest coverage
is >50%. Western US domain is divided into four quadrant regions bounded by colors: (red) Pacific Northwest, (blue) Northern
Rockies, (green) California/Nevada, and (purple) 4 Corners.

A unique feature of the WUMI2024a is its use of multiple data products to maximize the proportion of fire events for which
fire perimeter data are available. The top-left panel in Fig. 3 shows the annual number of fires for which perimeter data come
from each source (When multiple perimeters are available for the same fire, the prioritization order is MTBS, CalFire, WFIGS,

USGS, IAFPH) as well as the number of fires assumed to be circular due to lack of perimeter data. We also provide annual

maps of ignition locations that delineate the source of perimeter data in Fig. S2. Overall, 71% of fires yepresented in the

database include observed perimeters. The perimeters for two-thirds of these fires (>47% of all fires) come from MTBS and

- (Deleted: events

- (" leted: cvents

thus are represented by especially accurate satellite-derived maps of area burned. The 29% of events without perimeter data
are estimated to be circular. These are WFAIP or FPA FOD fires from 1984-2020 that we could not link to fire perimeters
from the other databases. Of the four quadrant regions shown in the Fig. 3 maps, the proportion of fires without perimeter data
is the lowest (20%) in CA/NV due to the unique availability of fire perimeters from CalFire in California (Fig. 3, left side). In
contrast, more than 41% of fires lack perimeter data in 4 Corners. Importantly, fires lacking perimeter observations are
generally relatively small and account for less than 5% of total area burned in the WUMI2024a (Fig. 3, right side). In 4 Corners,
the 41% of fires without perimeter observations account for less than 10% of area burned. In all regions, the proportion of fires
lacking perimeter observations, as well as the burned areas represented by these fires, declined significantly from 1984 through

2020 (all fires have perimeters after 2020). In 2020, only 16% of fires Jack perimeter observations and account for just 1.5%
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of area burned. The dramatic increase in the proportion of fires with perimeter data represents an encouraging trend toward

more rigorous collection and management of wildfire information since the 1980s, but is also illustrative of the unavoidable
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caveats related to dataset consistency, which researchers should be aware of when using government records to analyze

variability and trends in wildfire activity.

N Rockies

1990 000 2070 2000
Figure 3. Dataset composition of WUMI2024a fire perimeters by year. (left panels) Annual number of wildfires with perimeter
data from MTBS, WFIGS, CalFire, USGS, or IAFPH, as well as the number of fires assumed circular due to lack of perimeter
data, for (top) the full western US and (lower rows) each of the four regions outlined in Fig. 2. (right panels) Same as left
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panels except for area burned. Note that when perimeter data are available from more than one source, only one is used,
prioritizing MTBS, then CalFire, then WFIGS, then USGS, then IAFPH.

3 Data quality and dataset intercomparison

Efforts to assess spatiotemporal variations and changes in historical fire activity are challenged by inconsistencies in the
methods to collect, report, and store wildfire information across time and space. Among government records, the types of
information recorded, or whether a record for a given fire is made at all, have been inconsistent over time as well as across
agencies, and the same fire event is often recorded by multiple government agencies, but commonly with differing names,
dates, or sizes. Many consistency issues have been alleviated through the Integrated Reporting of Wildland Fire Information
(IRWIN) initiative, but this is a relatively new initiative that has been increasingly implemented since 2014

(https://www.wildfire.gov/application/irwin-integrated-reporting-wildfire-information). It is also important to acknowledge

that the government wildfire records used for the WUMI2024a are more appropriately viewed as records of fire suppression
efforts than as records of all fire occurrences. Thus, the WUMI2024a probably underrepresents the occurrences of relatively
small or remote wildfires, as these fires may be more likely to never command attention from an official fire-suppression
agency, or to require such a minor suppression effort as to have not been recorded. Further, the data associated with relatively
small fires that require fewer suppression resources and are of relatively little consequence may be more likely to receive less
scrutiny for accuracy than lager fires, and policies for whether or how data are recorded for these fires are more likely to change
over time than for larger fires. For example, the FPA FOD dataset exhibits irregularities in the frequencies of very small (e.g.,
<4 ha) fires reported by non-federal entities in developed areas that are likely artifacts of changes in reporting levels from local
fire departments (Jorge et al., 2025). Given that fire occurrences are dominated by very small events, assessments of fire
frequency are especially vulnerable to errors or inconsistencies in the reporting of small fires, thus motivating our choice to
limit the WUMI2024a to larger fires >1 km? in size. While satellite imagery can supplement and improve the accuracy of
government records of fire incidents, which we do through use of the Landsat-derived maps of area burned by the very large
fires represented by MTBS, no publicly available database of satellite imagery exists that can be used to systematically identify

the start dates, ignition locations, and spatial extents of western US wildfires from the mid-1980s to present.
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The most substantial temporal inconsistencies in the accuracy of the WUMI2024a are likely caused by the shift from reliance
on the WFAIP as the primary source of fire-occurrence information prior to 1992 to the FPA FOD from 1992-2020. Indeed,
by comparing time series of the annual fire frequencies derived from the WFAIP and FPA FOD datasets during their period
of overlap, we see that the WFAIP list of federal incidents consistently represents fewer wildfires than the more comprehensive
FPA FOD list of incidents reported by federal, state, and local agencies (Fig. 4). Comparing these datasets during their first 10
years of overlap (1992-2001), and focusing on the large >1 km? fires of focus in the WUMI2024a, we find that WFAIP fires
are 22% less numerous than FPA FOD fires. Essentially all of this offset is explained by the inclusion of data from state,
county, and local (ST/C&L) agencies in the FPA FOD dataset. The orange dashed time series in Fig. 4 represent an alternative
version of the FPA FOD dataset that excludes ST/C&L fires, showing that excluding ST/C&L fires from FPA FOD causes
much better alignment with WFAIP during 1992-2001. Assessing fires ignited in forest versus non-forest separately, and
within each of the four regions visualized in Fig. 2, it is clarified in Fig. 4 that the under-representation of WFAIP fires is
mostly confined to the non-forest areas of the southwest US, particularly in 4 Corners but also in CA/NV. In non-forested
areas of 4 Corners, approximately 45% of all FPA FOD fires >1 km? in size are reported by ST/C&L agencies, and thus the
WUMI2024a may underrepresent the actual frequency of large non-forest fires in this region by approximately half prior to
1992, relative to what may be expected if the FPA FOD data were available during this time. Assessing by state, the negative
bias in pre-1992 fire frequency is likely to be strongest in New Mexico, where, during 1992-2001, the frequency of non-forest
fires >1 km? was nearly 70% lower according to WFAIP than to FPA FOD and, non-coincidentally, ST/C&L fires accounted
for nearly 70% of the FAP FOD fire frequency (Fig. S3a). Negative biases in WFAIP fire frequencies are also relatively large,
on the order of 30-40%, in non-forest areas of Arizona, California, Colorado, and Wyoming. These biases are also attributable
mostly to the absence of ST/C&L fires. In the California, however, the negative bias in WFAIP fire frequency is largely

addressed in the WUMI2024a through use of CalFire data, which do include fires addressed by non-federal agencies. Thus,

the WUMI2024a is likely to under-represent the frequencies of pre-1992 wildfires in non-forest areas, particularly in New
Mexico, Arizona, Colorado, and Wyoming. In addition, the maps of annual fire occurrences provided in Fig. S2 indicate a
complete lack of fires in 1984 in the states of Wyoming and New Mexico, which is almost certainly an artifact of inconsistent

reporting practices.
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Importantly, the bias toward too few pre-1992 fires is less consequential to assessments of area burned than to fire frequency,
as indicated by a much better match between the FPA FOD and WFAIP time series of area burned during their period of
overlap (Fig. 5; Fig. S3b). This is because the ST/C&L fires missing from WFAIP tend to be relatively small, whereas regional
time series of area burned are dominated by a small proportion of very large fires that more often command federal responses,
most of which appear in the MTBS dataset. Users who prefer a dataset built from a more temporally consistent set of data
sources may consider excluding FPA FOD fires reported by ST/C&L agencies. Overall, the WUMI2024a underrepresents fire
frequencies in 1984-1991 relative to 1992-2020, but this effect appears isolated mostly to relatively small fires in non-forest
areas, particularly in the easternmost states of the western US. We therefore caution against over-interpretation of the relatively
low frequency of pre-1992 fires, particularly small non-forest fires, as represented by WUMI2024a or other databases that

extend back to the 1980s or prior.

There are probably additional artifacts associated with the 2020-to-2021 transition from reliance on FPA FOD to WFIGS as

the primary source of wildfire occurrence data. While WFIGS does include fires reported by non-federal agencies, fires are
not included in WFIGS if strict reporting standards are not met. The effects of this shift are difficult to readily assess because
WEIGS is not complete during its 2018-2020 period of overlap with FPA FOD. Some insights may be gleaned, however,
through comparison to the independent satellite-based FIRED dataset (Balch et al., 2020), a delineation of the gridded MODIS
v6.1 burned area product (Giglio et al., 2016) into individual fire events. The blue dashed time series in Fig. 4 show MODIS-
derived annual fire frequencies, excluding fires <1 km? in size (assuming burned 500-m MODIS grid cells burn uniformly) as
well as fires in heavily urbanized or agricultural areas where satellite fire detections are less likely to represent wildfires.
Comparing FIRED to WUMI2024a in non-forest areas, we see WUMI2024a fire frequencies tend to be somewhat higher than
those derived from FIRED in 2001-2020, but not during 2021-2023 (Fig. 4, right side). This suggests that WFGIS may
systematically underrepresent fire frequencies relative to what would be expected if FPA FOD was available following 2020.
In forest areas, on the other hand, FIRED fires are consistently more frequent than indicated by WUMI2024a (Fig. 4, left side).

The higher forest-fire frequencies in FIRED are most prominent in PNW and N Rockies, but also emerge in CA/NV and 4
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Corners after 2017. However, there is not a clear post-2020 shift in WUMI2024a forest-fire frequencies relative to those
calculated from FIRED and it is therefore unclear how the shift from FPA FOD to WFIGS may affect accuracy of post-2020

forest-fire frequencies.

The higher frequencies of forest fires in the MODIS FIRED dataset relative to WUMI2024a are interesting. One likely cause
is that government records often attribute geographically separated burned areas to the same event, but the FIRED dataset may
more often delineate these as distinct events. In addition, the FIRED dataset does not distinguish prescribed fires from wildfires

and may also capture wildfires in remote areas jf the fires are small and short-lived enough to not be managed by a federal or

local agency. Importantly, records of annual burned area derived from the FIRED dataset are in tight agreement with the
WUMI2024a (Fig. 5) despite the notable disagreements in fire frequency discussed above, reinforcing our interpretation that
assessments of spatiotemporal variations in areas burned are far less sensitive than fire frequencies to historical inconsistencies

in wildfire reporting.
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Figure 4. Annual frequency of large (>1 km?) western US wildfires, by dataset. Panels on left and right represent fires ignited .- '(Formatted: Superscript

|475 in forest and non-forest areas, respectively (see Fig. 2a). Top row represents the full western US study domain and rows below
represent the four quadrant regions mapped in Fig. 2. Colors distinguish the databases used: WUMI2024a (bold black), WFAIP
(light green), FPA FOD (orange), and WFIGS (light purple). The dashed orange line is an alternative version of FPA FOD
that excludes fire reports from non-federal agencies. The dashed blue time series is calculated from the independent MODIS
FIRED dataset of satellite-derived fire events for 2001-2023 (excluding fires centered on 1-km grid cells where agricultural
480 and/or urban coverage exceeds 75% according to the USGS NLCD). The WFAIP time series ends in 2017 because this is
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when its records from most federal agencies ends. The WFIGS time series begins in 2021 because it is not complete prior to
that year.
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Figure 5. As in Fig. 4 but for annual area burned. Forest area burned by each fire is estimated by multiplying the 1-km resolution
maps of area burned and fractional forest coverage (Ruefenacht et al., 2008) and summing.
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4 Data availability

The WUMI2024a dataset and the code used to produce the dataset are available for peer review at

https://doi.org/10.5061/dryad.63xsj3vd4, (Williams et al., 2025). Two lists of fire events (one prioritizing parent fires, one

prioritizing sub-fires) are in the directory called WUMI2024a_final wildfire lists/ and Table S1 provides a description of the
wildfire attributes included in the fire lists. Maps of fire perimeters and 1-km grids of burned area are in the directory called

fire_maps/.

5 Conclusions

The WUMI2024a is a comprehensive and quality controlled database of more than 22,000 large (=1 km?) wildfires in the
western US, currently covering 1984-2024. The database includes start dates, final sizes, and digital maps of perimeters and
area burned for each fire. It can be updated with relative ease as new and improved data become available. We compiled this
database from seven government datasets and this is the only such compilation to cover the full period of 1984 to 2024 and
include fires as small as 1 km?. For more than 10,300 (~47%) of fires represented, the maps of area burned are calculated from
high-resolution satellite imagery and thus account for islands of unburned areas within fire perimeters, which are important to
ecosystem recovery and resilience (Coop et al., 2019; Krawchuk et al., 2020). For another 24% of fires, fire perimeters were
accessed from other government datasets, leaving us to resort to an assumption of circular perimeters for just 29% of fires,
which account for only 4.5% of the area burned. Our primary motives in producing this database include (1) updated
assessments of trends and extremes in the wildfire frequency and area burned; (2) improved potential for statistical analyses
and modelling of wildfire activity; (3) linkage of our fire perimeters to independent observations of fire progression (e.g, Balch
et al., 2020; Lizundia-Loiola et al., 2021), area burned (e.g., Hawbaker et al., 2017), fire severity (e.g., He et al., 2023), and
hydrology (e.g., Williams et al., 2022); and, ultimately, (4) improved ability to simulate historical and ongoing effects of

wildfire on ecosystems, terrestrial carbon, smoke, hydrology, and society.

Importantly, no historical wildfire database is without major caveats associated with temporal and geographic inconsistencies
in the practices used to collect, archive, or disseminate data over time. Satellite-derived observations of fire offer promising
opportunities to sidestep the biases and methodological uncertainties inherent to the government records we used to develop

the WUMI2024a, but the temporal frequencies of publicly available satellite products do not allow for confident detection of
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fire-start timing or location across the western US prior to the 2000s, and moderate-to-low spatial resolution inhibits accurate
detection of small fires and fine-scale features of burned-area boundaries. Although Landsat imagery is invaluable for
production of accurate maps of area burned, which we capitalize on through the MTBS dataset, Landsat overpass times are

too infrequent (8, days) to detect many important wildfire features such as the start date and location. Thus, while Landsat

imagery can be used to produce wall-to-wall maps of area burned with relatively low (e.g., annual) temporal resolution
(Hawbaker et al., 2017), additional observational datasets are necessary to confidently associate Landsat images of burned
area with a start date or ignition location. Further, the pre- and post-fire imagery used to identify burned areas may be obscured

by clouds, gaps in the imagery data, or changes in vegetation characteristics.

The WUMI2024a also has caveats. First, it relies on publicly available government records of wildfire incidents, which can be
more accurately characterized as records of fire response and management rather than as purely records of wildfire occurrence.
This means the WUMI2024a is missing any wildfires not recorded by a fire management agency and incorporated into a
publicly available database. For example, some wildfires may have never been detected and reported, and others may have
been extinguished without receiving official attention from a fire management agency. Thus, the database’s completeness and
accuracy are subject to temporal and geographic inconsistencies related to changes in practices related to fire detection,
management, and data archival. These limitations are well exemplified by the fact that the WUMI2024a indicates zero wildfires
in Wyoming and New Mexico in 1984 (Fig. S2). The lack of large 1984 wildfires in two western US states is likely an artifact
and we suggest excluding 1984 in assessments that include the interior Western US. We further presented evidence that fire
frequencies in the WUMI2024a are highly likely to be artificially low prior to 1992 (the first year of the FPA FOD) in non-
forested areas of the interior West because many wildfires in these areas are addressed by non-federal agencies (ST/C&L),

which are not represented pur database prior to 1992 (Figs. 4, S3a). The negative biases in pre-1992 frequencies are likely to

be largest in the non-forest areas of New Mexico, Arizona, Colorado, and Wyoming, as these are the areas where ST/C&L
fires are most common in the FPA FOD, so we caution against analyses that rely on consistent fire reporting from the 1980s
through 1990s in these areas. Our database does comprehensively represent non-federal fires in California, on the other hand,

via data from CalFire. Finally, we were unable to find perimeter data for 29% of the wildfire events in the WUMI2024a. While
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these fires are relatively small, only accounting for less than 5% of area burned in the dataset, and we do adjust the circular
perimeters and maps of burned area to exclude open water, ice, and barren ground, we warn against use of the circular fire
features for applications that require accurate maps of area burned. These derived features are provided as resources for
applications where an approximated map of area burned is better than none at all (e.g., as inputs for some hydrological or

smoke-emission modelling exercises), but should be used with caution.

Finally, the value of the WUMI2024a can be improved upon by expanding it to include more than wildfire start dates, locations,
causes, perimeters, and 1-km resolution maps of area burned. For example, many fires in the WUMI2024a can be linked to
those represented in the ICS-209-PLUS database (St. Denis et al., 2023) to provide information about fire management costs,
personnel, and impacts on people and property. Additionally, Landsat imagery can be used to improve our maps of area burned

for fires in the WUMI2024a that are not represented among the fires >4.04 km” in size mapped by the MTBS. Landsat imagery

can also be used to detect the perimeters and areas burned for fires with unknown perimeters that we currently assume to be
circular, identify additional fire events not yet represented in our database, and expand beyond our maps of burned area to also
develop high-resolution maps of fire severity (e.g., Parks et al., 2019) for all fires in the database. Likewise, the MODIS-based
FIRED dataset (Balch et al., 2020) can be used to decompose the fire maps in our database into maps of daily fire progression,
and capabilities for mapping of fire spread are deepening further through use of the Visible Infrared Imaging Radiometer Suite
(VIIRS) instrument (Schroeder et al., 2014; Chen et al., 2022). Imagery from MODIS and VIIRS can also be used to map fire
intensity via retrievals of fire radiative power (Schroeder et al., 2014; Giglio et al., 2016). While the WUMI2024a database of
wildfire events has been designed to accommodate future updates and expansions, including additional metrics related to fire
processes (e.g., spread) and impacts (e.g., severity), its current form advances beyond currently available databases of western

US wildfire events and will be a robust and valuable resource for researchers and practitioners in the field of wildfire science.
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