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scientific data

OPEN A monthly gridded burned area
DATA DESCRIPTOR database of national wildland fire
data

. Andrina Gincheva et al.*

© We assembled the first gridded burned area (BA) database of national wildfire data (ONFIRE),
. acomprehensive and integrated resource for researchers, non-government organisations,

. and government agencies analysing wildfires in various regions of the Earth. We extracted

. and harmonised records from different regions and sources using open and reproducible

. methods, providing data in a common framework for the whole period available (starting

. from 1950 in Australia, 1959 in Canada, 1985 in Chile, 1980 in Europe, and 1984 in the

: United States) up to 2021 on a common 1° X 1° grid. The data originate from national

. agencies (often, ground mapping), thus representing the best local expert knowledge.

© Key opportunities and limits in using this dataset are discussed as well as possible future

. expansions of this open-source approach that should be explored. This dataset complements
. existing gridded BA data based on remote sensing and offers a valuable opportunity to better
. understand and assess fire regime changes, and their drivers, in these regions. The ONFIRE

. database can be freely accessed at https://zenodo.org/record/8289245.

: Background & Summary

. Humans have coexisted with wildfires for millennia, and fire has played a relevant role in maintaining ecosystem
services for societies worldwide'>. However, losses of lives and goods (i.e. natural resources and built assets) are
: also associated with wildfires, leading to growing concerns about increased fire activity in response to climate
: change’. The study of fire regime changes and their underlying causes is crucial for the development of effective
. fire management strategies and future prevention plans in the face of ongoing global changes*°. Despite recent
. advancements in fire data availability and research efforts, much remains to be learned regarding fire trends and
¢ drivers®®$,

: A growing body of work uses fire statistical estimates based on satellite products®-'%; however, only recent
. decades (i.e., since the early 2000s'>'*) have afforded the mature technology to produce the first global Burned
Area (BA) datasets'*. Moreover, remote sensing-based BA estimates have some limitations, including the poor
. detection of understory fires, fires occurring under the presence of heavy smoke, agricultural fires, and false
. positives due to other sources (e.g., cloud shadows and deforested areas), and other land use changes such as
. clearing and intertidal movement, causing BA estimates to vary widely between different products'>-%.

Other BA information is derived from a variety of sources, including, for instance, ground-based mapping
. and aerial photography. For several regions, such as Australia, Canada, Chile, the European Union (Europe
. hereinafter), and the U.S.A., national fire inventories of BA data are generally available for a longer period than
. the global satellite BA products'. Although these fire datasets cannot be considered error-free “ground truth”,
: they represent the longest government-sourced fire information available today at the regional scale and have
* been widely used as reference datasets in multiple studies'®'*-?°. Although these regional databases are publicly
. available, merging them together is a time-consuming task, partly because these archives are stored in different
. formats and resolutions, from spreadsheets of BA data over sub-regions to shapefiles with detailed information
. of all mapped fires. A harmonized regional fire dataset based on regional/national archives may simplify their
: use in intercomparison and assessment studies and could complement and temporally extend the BA products
. based on satellite data.

Here, we describe the creation of an integrated and open-access database composed of available BA records
. from government-sourced observations in Australia, Europe, Canada, Chile, and the U.S.A. This gridded BA

: #Afulllist of authors and their affiliations appears at the end of the paper.
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Fig. 1 Schematic workflow for the harmonisation of BA observations from different regions to develop the
ONFIRE dataset.

database of national wildland fire data (ONFIRE database) aims to transform the authoritative fire data into a
public, easily accessible, harmonized, and usable database to facilitate broad-scale fire research3%3!, Owing to the
format of the source inventories, the ONFIRE database resolution is constrained to a monthly, 1° grid, standard-
ised for each area, thus reducing the likelihood of errors in the code and the effort needed to adapt it to different
source formats. Although this level of aggregation may obscure the details of the variability within grids, some of
the temporal and spatial noise present in the higher-resolution data may be reduced and provide a comprehen-
sive regional-scale BA analysis. A survey of users’ needs for BA products'> emphasised the importance of having
a coarser-scale product to reduce the data volume and processing cost. In addition, they recommended that the
BA products should be available in ASCII and netCDF formats. Taking these considerations into account, the
ONFIRE dataset® is released in both these formats and is freely available in a Zenodo permanent repository
(https://zenodo.org/record/8289245), which will ensure the usability of this information for a wide range of
applications. In addition, the data are accompanied by the corresponding metadata with the original refer-
ences and inventory sources. Finally, we explore the main opportunities and constraints related to the use of
this dataset, as well as potential future extensions for this open-source solution. We specifically encourage any
researcher/fire agency to share their data through the ONFIRE initiative.

Methods

We compiled BA observations from government agencies in Australia, Canada, Chile, Europe, and the U.S.A.
then remapped the monthly BA at a common 1° x 1° grid. Finally, we validated the ONFIRE dataset (Fig. 1). The
temporal and spatial BA resolution adopted by the ONFIRE dataset resulted from the availability of Europe and
Chile monthly data provided with a resolution of approximately 1°.

Remapping methodology. The data were effectively assigned to a 1° x 1° grid (we used the 1° grid used
in the Sixth Assessment Report of the United Nations Intergovernmental Panel on Climate Change®***) while
considering the specific conditions of the original format, i. point data (generally corresponding to fire polygon
centroid), ii. fire polygons, or iii. region-level data:

1. Point data

o Assigned the BA value to the grid cell containing the point.
o Determine the month for the grid cell based on the starting date of the fire.

II. Polygon of Fire Perimeters
« Calculated the centroid for the corresponding fire polygon.

o Assigned the BA value to the grid cell containing the centroid.
o Determined the month for the grid cell based on the starting date of the fire.
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Region Source Available period

New South Wales (NSW): https://datasets.seed.nsw.gov.au/dataset/fire-history-wildfires-and-prescribed-

Australia burns-1¢8b6 1950-2021
Australia | Northern Territory (NT): https://firenorth.org.au/nafi3/ 2000-2021
Australia | Queensland (QLD): https://qldspatial.information.qld.gov.au/catalogue/custom/ 1950-2021
Australia | South Australia (SA): https://data.sa.gov.au/data/dataset/fire-history 1950-2021
Australia | Tasmania (TAS): http://listdata.thelist.tas.gov.au/opendata/ 1961-2021
Australia ;ﬁg:ﬁf;ag FX]L(?&r B}:E;;/S/Z(iiscover.data.Vic.gov.au/dataset/ﬁre»history-records-of—ﬁres-across-victoria- 1950-2021
Australia | Western Australia (WA): https://catalogue.data.wa.gov.au/dataset/dbca-fire-history 1950-2021
Canada NBAC: https://cwfis.cfs.nrcan.gc.ca/datamart/metadata/nbac 1986-2020

Canada NFDB: https://cwfis.cfs.nrcan.gc.ca/downloads/nfdb/fire_pnt/current_version/NFDB_point_large_fires.zip | 1959-2021

Chile CONAE: https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/ 1959-2021

1980-2021 (see Table 2
for more details)

US.A. MTBS: https://mtbs.gov/direct-download 1984-2020

Europe EFFIS: https://effis.jrc.ec.europa.eu/

Table 1. List of each regional source and their available periods included in the ONFIRE dataset.

III. Total BA over a Region:

o Determine the number (1) of gridpoints at a resolution of 0.1° within the region, to ensure relatively small
regions are not excluded.

 Divided the BA value of the region by .

o Assigned the resulting BA value to each 0.1° grid cell within the region, conserving total BA by distribut-
ing the BA proportionally across the grid cells within the region.

o Sum all BA values at 0.1° that fall on a grid cell of the 1° grid.

Compilation of wildland fire data. The BA observations and full references that composed the ONFIRE
datasets are derived from government agencies in Australia, Canada, Chile, Europe, and the U.S.A. (Fig. 1,
Table 1). The definition of wildland fire is inconsistent across countries and time periods. These fires are com-
monly referred to by different names such as wildland fires, wildfires, bushfires, biomass burning, forest fires,
agricultural fires, and prescribed fires®, in addition to some similar names in Spanish (for Chile). Among these,
the most extensively documented fires in our database are categorised as “wildland fires” (“incendios forestales”
for Chile). This classification encompasses planned, prescribed, or controlled burning and unplanned or acci-
dentally ignited fires known as “wildfires”, which are considered a distinct class of wildland fires, separate from
prescribed or controlled burning. It is worth noting that agricultural fires, which involve burning agricultural
wastes from e.g., sugar cane in South America, rice in Asia, or wheat stubble in temperate countries (south-central
Chile), can affect vast areas. However, these fires are not included in our dataset (differently from remote sensing
data) as they are typically not reported in (wild) fire records®.

Australia. In Australia, the lack of a unified national database has led to the compilation of data from different
fire management agencies in each state and territory that have provided statistics (Table 1) to obtain a complete
picture of the area burned in the country'®?!. Data from these agencies are available in the form of polygons in
vector files that have been derived from a variety of sources, including terrestrial mapping, aerial photography,
GPS boundary plotting from ground assessments, and remote sensing. Consistent burned area mapping from
2000 for north and central Australia are freely available as shapefiles and GeoTIFF files from the NAFI website®”
managed by Charles Darwin University funded by the Australian Government for carbon accounting. These
fire scar maps are generated through a semi-automated process approximately weekly, using 250 m image bands
(red and near-infrared) from the Moderate Resolution Imaging Spectroradiometer (MODIS) sensor. They are
collated on a monthly basis and cover a significant portion (75%) of the Australian continent (specifically, the
Northern Territory, the majority of Queensland, the West Australian rangelands and savannas, and the northern
half of South Australia®*?*? We used NAFI scars for the following areas: the Northern Territory and Alice Springs,
Barkly, Daly - Tiwi - West Arnhem, Darwin City, Darwin Suburbs, East Pilbara, Katherine, Kimberley, Litchfield,
Outback - North, Outback - South, and Palmerston.

All these data have been extensively validated and used previously as reference products in several stud-
ies?!19-43 The types of fires mapped in these datasets include both prescribed fires and wildfires. Wildfires are
frequently labeled “bushfires”, in the more heavily populated regions of the south-east and south-west. In data-
bases, or for example public warning systems, “bushfires” are “unplanned fires”, or “wildfires” as opposed to

»

“planned fires”, “hazard reduction burns” or “prescribed fires”.

Canada. There are numerous fire databases in Canada, and they each come with a different set of limitations
(Hanes et al., 2019). The Canadian National Fire Database (NFDB) is best for the exploration of long-term BA
using fire agency-collected data®>**-* and is most comparable to other national datasets over their common time
period. The NFDB provides fire point data with longitude, latitude, size, month, and year of fire as provided by

SCIENTIFIC DATA | (2024) 11:352 | https://doi.org/10.1038/s41597-024-03141-2 3


https://doi.org/10.1038/s41597-024-03141-2
https://datasets.seed.nsw.gov.au/dataset/fire-history-wildfires-and-prescribed-burns-1e8b6
https://datasets.seed.nsw.gov.au/dataset/fire-history-wildfires-and-prescribed-burns-1e8b6
https://firenorth.org.au/nafi3/
https://qldspatial.information.qld.gov.au/catalogue/custom/
https://data.sa.gov.au/data/dataset/fire-history
http://listdata.thelist.tas.gov.au/opendata/
https://discover.data.vic.gov.au/dataset/fire-history-records-of-fires-across-victoria-showing-the-fire-scars2
https://discover.data.vic.gov.au/dataset/fire-history-records-of-fires-across-victoria-showing-the-fire-scars2
https://catalogue.data.wa.gov.au/dataset/dbca-fire-history
https://cwfis.cfs.nrcan.gc.ca/datamart/metadata/nbac
https://cwfis.cfs.nrcan.gc.ca/downloads/nfdb/fire_pnt/current_version/NFDB_point_large_fires.zip
https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://effis.jrc.ec.europa.eu/
https://mtbs.gov/direct-download

www.nature.com/scientificdata/

Country From |To Comments

Bulgaria 2005 2019

Cyprus 2000 2019 | Only Greek part of CY
Croatia 1996 2019

Czech Republic 2004 2019

Estonia 2005 2020

Finland 2005 2020

France 1985 2020 | Only Mediterranean regions before 1992
Germany 1994 2021 | Some NUTS regions missing
Greece 1983 2011 | Some NUTS regions missing
Hungary 2002 2020

Ttaly 1985 2015 | Special status or autonomous regions (e.g., Sicily, Sardinia) often missing
Lithuania 2004 2021

Latvia 2004 2018

Netherland 2017 2020

Poland 1994 2020

Portugal 1980 2020

Romania 2004 2021

Spain 1985 2015 | Some NUTS regions missing
Slovakia 2004 2018

Slovenia 1995 2021

Sweden 1996 2020

Table 2. Details of the EFFIS dataset, with the starting and ending period available and possible comments.

individual fire management agencies. Only fires greater than 200 hectares are included in the database and only
data from 1959 are included in this analysis because of the data quality concerns prior to this year*®. From 1959 to
2021, the dataset records consist of ~1.3 Mkm? of BA and ~18000 occurrences for the entire country.

A second fire database has recently gained wide use in Canada: the National Burned Area Composite
(NBAC) dataset®->%. The NBAC dataset is considered the most consistent and accurate wildfire polygon data-
base in Canada. This fire polygon database is derived from 30-m Landsat imagery and high-quality agency
imagery of spatial resolution <30 m since 1986°'; it has been updated regularly after it was published. Because
NBAC does not cover fires before 1986, one must combine NBAC with NFDB to construct the fire database
when fire records from early years are required2. From 1986 to 2020, the dataset records consist of ~750000 km?
and ~35000 occurrences for the entire country.

Recent comparisons have identified that BA estimates in Canada based on NFDB, on average may be over-
estimated by ~20% especially for early years (i.e., before 2000) prior to greater use of remote sensing products.
The imprecisions are primarily attributable to the limitations of the fire perimeter mapping techniques that were
accessible during that period, such as sketch mapping, GPS-based digitization, and geographic coordinate point
buffering. These methods often do not consider unburned islands and water bodies inside the fire perimeter>*°.
Acknowledging that limitation in these datasets, we provided gridded BA for both the NFDB and NBAC data-
sets. In summary, we introduce two datasets for Canada, namely ONFIRE-NBAC and ONFIRE-NFDB, which
are named in reference to their respective original sources.

Chile. In Chile, the official fire database is the responsibility of the Chilean Forest Service (CONAF) and com-
prises the period between 1985 and 2021. Although there is a historical database of the number of fires and
BA since 1964, only records starting in 1985 provide a reliable monthly BA for each administrative region of
the country. Fire records include the number of fires and BA considering different vegetation types (natural
vegetation, forest plantations, shrublands, pastures, excluding agricultural burnings of crops and grass). From
1985 to 2022, the dataset records consist of ~28000 km? of BA and ~225000 occurrences for the entire country.
The CONAF dataset has been validated and used in several studies to analyse the relationships between climate
(e.g., drying trends and heat waves), land use, socioeconomic factors, and wildfires*>3-2>6-61,

Europe. The European Forest Fire Information System®? (EFFIS), established by the Joint Research Centre
and the Directorate General for the Environment of the European Commission, is the primary source of har-
monised fire data and provides the official fire statistics of the European Union. Via direct consultation with the
European Forest Fire Information System (EFFIS), we obtained monthly data on Burned Areas at the NUTS3
territorial level, as classified by the 2016 Nomenclature of Units for Territorial Statistics, which corresponds to
aggregated municipal or provincial units®. This dataset includes several European countries that actively share
data with EFFIS, as detailed in Table 2. The EFFIS dataset consists of BA (in hectares, the totals are for fires of
1 ha or greater) occurring in forests, other wooded lands, and other non-wooded lands reported by the country,
while areas designated as agricultural or other artificial surfaces are not included®. The dataset records con-
sist of ~150000 km? of BA and ~700000 occurrences for the entire region. This dataset had several limitations,
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namely the lack of fire perimeter data because the raw data are owned by the contributing countries; EFFIS is
only allowed to aggregate it by NUTS and share the resulting data at the NUTS level. Another limitation is the
lack of recent data from several countries. This is because the entire data provision system is voluntary without
a regulated standard for contributions. In addition, some countries do not have a national scheme in place to
collect and share data, so they collect individual fire data only from certain regions or forest types (e.g., nationally
owned forests), or the data are collected within the country, but these data are not shared with EFFIS. This can
lead to fewer fires in the database than those registered. On the other hand, some countries may add records to
the database that they do not count as forest fires in national statistics (e.g., agricultural fires). Nevertheless, this
database constitutes the state-of-the-art information available today in Europe and shows high agreement with
satellite products over common periods'®. Moreover, several studies have used EFFIS data to assess fire evolution
in Europe?®®* and its drivers®>°.

U.S.A. The Fire Program Analysis fire-occurrence database (FPA-FOD) dataset®” provides information on
wildfires that occurred in the U.S.A. between 1992 and 2020 and includes information on the location, size, and
cause of the fire. This is the 6th Edition of the FPA-FOD dataset, first published in 2013. The data were compiled
from the final fire reports of federal, state, and local fire organisations and include over 2.3 million geo-referenced
records, providing the most comprehensive accounting of U.S.A. wildfire activity for the time period®”¢%. While
the FPA-FOD data does not impose a minimum fire size requirement, it is worth noting that agencies typically
report the smallest fires in the dataset as being 0.04 hectares in size. The FPA-FOD dataset does not encompass
prescribed/controlled burning, thereby failing to provide a comprehensive representation of the total burned area
resulting from biomass burning, landscape fires, or even wildland fires as a whole. However, although inevitably
incomplete in some aspects®, this dataset is widely used by researchers and practitioners to study the causes and
consequences of wildfires in the U.S.A. Applications of the data include analysing the relationships between cli-
mate, land use, and wildfires, as well as developing fire management strategies to prevent and mitigate the impacts
of wildfires*”¢%72,

Another fire dataset available for the U.S.A. is the Monitoring Trends in Burn Severity (MTBS) data”-7>. This
is a semi-automated program that employs pre-fire and post-fire Landsat imagery for the generation of estimated
BA severities. The MTBS dataset aims to provide comprehensive coverage of large fire events throughout the
United States, subject to the criterion that fires must surpass a specific size threshold (>2.02km? and >4.05km?
in the eastern and western US, respectively) since 1984 and consists of ~830000km? of BA and ~30000 occur-
rences for the entire country. MTBS data have been widely used by researchers to examine a variety of environ-
mental science topics®?*76-78,

In summary, we introduce two datasets for the U.S.A., namely ONFIRE-FPA-FOD, and ONFIRE-MTBS,
which are named in reference to their respective original sources.

Data Records

Database structure. ONFIRE data are available to the public through version-controlled releases of the
database on Zenodo¥, and all codes used in the development and validation of the dataset” are freely available,
in line with the FAIR Guiding Principles®. ONFIRE is a 1° x 1° degree lat-long gridded dataset with, for each grid
cell, the latitude and longitude of the center and the square metres burned per month. Each month’s data includes
the total area in square metres for fires reported to start within that month. For instance, a fire that started on July
31 and burned for a month will be entirely reported in July. Data are stored in decimal degrees, GCS WGS84. The
dataset contains fire estimates over the various recorded lengths, up to 2021, and spatial coverages (Table 1). The
database is provided for each dataset and region in several formats: NetCDF®!, RData®, and ASCII®. In total, we
provide 21 files: 3 for each of the 5 regions, and two additional datasets are provided corresponding to the NFDB
and NBAC sources for Canada, and the FPA-FOD and MTBS sources for the U.S.A.

Technical Validation

The original records included in the database are provided by government and non-government agencies and as
described in the previous section, have already been used individually in several regional studies (although not
all together). We acknowledge, however, the potential limitations previously reported in national data®#%. These
data commonly face various challenges, including periods of inaccessible or poor-quality data**®, difficulties in
estimating burned area from field observations'**> uncertainties arising from different fire reporting protocols
between countries and/or protocol changes over time®, and high political controls on BA statistics®**®. Thus,
even though they cannot clearly be considered error-free “ground truth’, these data represent the main source
of authoritative fire histories available today, before and during the satellite era. In addition, users can evaluate
the validity and accuracy of the original source for each regional dataset from its references (Table 1). It is also
worth noting that here we provide BA data at a monthly scale and over a 1° grid resolution, therefore substan-
tially reducing any uncertainties and noise that could be present at higher temporal and spatial resolutions. In
addition, we provide information on the total BA, which is primarily influenced by the extent of large fires. These
large fires are typically monitored due to their significant impacts (however it is worth noting that ONFIRE BA
grid cells can also be affected by fires of less than 100 hectares®®). Also, while caution is necessary when relying
solely on BA, it remains a useful tool for understanding the overall magnitude and spatial extent of fire events®
as it provides a quantitative measure that can be easily compared across different fire events and regions.

We also followed two different approaches to provide a quantitative assessment of the ONFIRE data: (1) we
compared it with an independent satellite-based dataset, to examine the coherence among the datasets, and (2)
we made use of the ONFIRE dataset to perform the same analysis of a previous study'!, thus comparing the
results. This two-step assessment process is crucial to ensure the integrity and quality of the ONFIRE data.
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Fig. 2 Mean annual burned area (km?) using data from various sources for Canada and the U.S.A. The different
panels show the results obtained by combining different data sources: (a) ONFIRE-NBAC for Canada (1986-
2020) and ONFIRE-FPA-FOD (1992-2020) for the U.S.A.; (b) ONFIRE-NFDB for Canada (1986-2020) and
ONFIRE-MTBS (1992-2020) for the U.S.A.

Comparison with anindependent dataset. We compared the monthly BA data from the ONFIRE data-
set against the remotely sensed FireCCI51 data®!, available for the period 2001-2020 at an original resolution
of 250 m x 250 m. This is the most recently developed global BA dataset and complements existing global BA
products using surface reflectance data from the Near Infrared (NIR) band of the MODIS instrument aboard
the Terra satellite, alongside active fire detection information from the MODIS sensors on both Terra and Aqua
satellites. When comparing our dataset with FireCCI51, it is important to recognize that although FireCCI51 is
referenced as an independent dataset, for the Northern region of Australia, both FireCCI51 and NAFI datasets
derive data from the same MODIS satellite sensor. Despite this commonality in data sources, the methodologies
employed by each dataset are distinct. FireCCI51 utilizes a fully automated algorithm, whereas NAFI employs a
method that combines automated analysis with visual checks and supervised classification. Consequently, despite
the similarity in the input data, the significant differences in the processing approaches justify the characterization
of this as an intercomparison analysis. In any case, we acknowledge a certain level of non-independence inherent
in the data source, which must be carefully considered in our evaluation. A recent comparison amongst remotely
sensed and inventory datasets for BA in Mediterranean Europe showed that FireCCI51 had the best agreement
with EFFIS BA data overall'®. To perform this comparison, a series of steps were undertaken. First, we down-
loaded the BA data at the grid resolution (0.25° x 0.25°) and we removed non-natural FireCCI51 BA data to align
our analysis with official fire statistics, which typically exclude fires on agricultural land. The FireCCI51 dataset
provides the sum of burned area for each land cover category. Therefore, we calculated the sum of the burned
area by considering all land cover categories except for “cropland, rainfed”, “cropland, irrigated or post-flooding”,
and “mosaic cropland (>50%) in line with other methodology”'®. Then, the BA data were upscaled by summing
all FireCCI51 grid points at 0.25° included in the corresponding 1° grid point of the ONFIRE dataset. Then, the
mean annual aggregated BA series, calculated during the overlapping period, were compared. Finally, the tempo-
ral similarity of the monthly BA series was evaluated using Spearman correlation.

There is a high degree of similarity between the mean annual area burned included in ONFIRE for U.S.A.
and Canada (Fig. 2a,b). Indeed, the spatial (Spearman) correlation coefficient between the two patterns is 0.89
(p-value < 0.01). The total annual burned area in Canada averaged over the period 1986-2020 was approxi-
mately 17668 km? based on the ONFIRE-NBAC dataset, while the ONFIRE-NFDB dataset yielded an average
value of 24125 km?. This represents a difference of 27% between the two datasets, which is similar to the findings
of a study conducted in 20213*who reported a 23% difference considering fire data from 1986 to 2018. Higher
similarity appears considering the annual BA in the U.S.A. averaged over the common period of 1992-2020.
Specifically, the BA estimated using the ONFIRE-FPA-FOD dataset was found to be approximately 24,651 km?/
year, and the ONFIRE-MTBS dataset yielded an estimate of around 24,744 km?/year, indicating a substantial
agreement in the recorded values. It should be highlighted that in the northeastern United States, there are
several regions without data in the ONFIRE-MTBS analysis, as indicated by the grey areas in Figs. 2b, 3b. This
absence of data is likely attributable to the minimal fire activity in these regions, where the annual average burned
area is generally less than 1 km?, while the MTBS data in this area has a detection threshold, with the minimum
identifiable burned area being over 2.02km?. The comparison of these data against FireCCI51 over the period
2001-2020 provides evidence of similarities among the datasets under examination (Fig. 3a-c). Specifically,
the correlation between ONFIRE-NBAC + ONFIRE-FPA-FOD and FireCCI51 was 0.89, and between
ONFIRE-NFDB + ONFIRE-MTBS and FireCCI51 was 0.89. The annual BA in Canada averaged over the com-
mon period 2001-2020, was quite similar among the three datasets: 16800, 22266, and 17525 kmz/year for,
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Fig. 3 Mean annual burned area (km?) averaged over the period 2001-2020 using data from various sources
for Canada and the U.S.A. The different panels show the results obtained by combining different data sources:
(a) ONFIRE-NBAC for Canada and ONFIRE-FPA-FOD for the U.S.A.; (b) ONFIRE-NFDB for Canada and
ONFIRE-MTBS for the U.S.A ; (¢) FireCCI51. Areas with no data are shown in grey.
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Fig. 4 Mean annual burned area (km?) for the ONFIRE (panel a) and the FireCCI51 (panel b) datasets for
Australia. Data for the period 2001-2020, or shorter depending on the data availability (see Tables 1, 2). Areas
with no data are shown in grey.

respectively, ONFIRE-NBAC, ONFIRE-NFDB, and FireCCI51. Again, lower differences have been found over
the U.S.A., with 28660, 29997, and 30552 km?/year for ONFIRE-FPA-FOD, ONFIRE-MTBS, and FireCCI51.

A good agreement was also observed between the annual BA averaged over the period 2001-2020, as esti-
mated by the ONFIRE, and the BA from FireCCI51 datasets, for Australia, Chile, and Europe (Figs. 4-6). The
spatial correlation is notably high over Australia, with a coefficient of 0.87 (p-value < 0.01), and the correspond-
ing total annual BA values for the ONFIRE and FireCCI51 datasets are 469950 km?/year and 431892 km?/year,
respectively. In Chile the level of agreement between the datasets is lower, with a spatial correlation coefficient
of 0.62 (p-value < 0.01), and the averaged values of total annual BA are 1027 km?/year and 1848 km?/year for
the ONFIRE and FireCCI51 datasets, respectively. In Europe, the spatial agreement is lower, with a correlation
coefficient of 0.59 (p-value < 0.01), but the datasets provide similar estimated mean values, with the ONFIRE
and FireCCI51 datasets yielding 3323 km?/year and 3498 km?/year, respectively of total annual BA. These dif-
ferences may be attributed to various factors, including misinterpretations (remote sensing detects fires that are
not fires), or possibly underreporting in national statistics. However, further investigation is required to gain
a comprehensive understanding of these differences, which is beyond the scope of our analysis. Our primary
goal here is to present these datasets in a standardised format, facilitating similar assessments in the future. In
any case, these differences emphasise the importance of cautiously considering the underlying data sources and
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Fig. 5 Mean annual burned area (km?) for the ONFIRE (panel a) and the FireCCI51 (panel b) datasets for
Europe. Data for the period 2001-2020, or shorter depending on the data availability (see Tables 1, 2). Areas
with no data are shown in grey.

methodologies during the conduction of analyses with fire data. It also highlights the requirement for ongoing
efforts to enhance data collection and standardisation practices.

In addition, a correlation analysis was performed to measure the temporal similarity among the monthly
burned area estimated by the different databases (Figs. 7, 8). A consistent positive significant correlation was
found for the Canada region comparing ONFIRE-NBAC and ONFIRE-NFDB, and for the USA, comparing
ONFIRE-FPA-FOD and ONFIRE-MTBS, both for the largest common periods and considering the 2001-2020
periods (Fig. 7a,b). The correlations between these data and the FireCCI51 are generally significant but lower.
(Fig. 7¢,d).

ONFIRE and FireCCI51 data are also correlated for Australia, Chile, and Europe (Fig. 8). For the Australian
region (Fig. 8a), a significant and positive correlation is observed almost everywhere, particularly in the north.
It is important to note that this correlation may be partially influenced by the fact that both the ONFIRE and
FireCCI51 datasets for northern territory are based on the same MODIS sensor (see the section “Technical
Validation” for further details). That is, this shared data source can contribute to the observed agreement. For
the Chile region (Fig. 8¢), a highly significant correlation is restricted to areas where surface fire activity has been
recorded in both datasets, indicating the strength and direction of the relationship of the burned area between
ONFIRE and FireCCI51 is significant in these areas. In the European region (Fig. 8b), a significant and high cor-
relation is observed where a high burned area is observed, especially in the Mediterranean and Eastern Europe
(compare Fig. 5a,b, and Fig. 8b). Unlike the Chilean region, in Europe, even in areas with relatively low burned
area values (such as Scandinavia), high correlations can be found.

Reproduction of earlier published results.  To assess the accuracy of ONFIRE data over a longer period,
including years before the MODIS-era (early 2000s) we follow a similar approach inspired by a recent study®?,
which validated historical yields for major crops with climate data. The Canadian Fire Weather Index (FWI*),
a widely used index to assess the meteorological fire danger worldwide, exhibits a correlation with BA over
most of the globe'**. We extracted the FWI® data for the period 1979-2021 and available from the Copernicus
Emergency Management Service®. In order to ensure consistency between the spatial resolution of the different
datasets, the FWTI data are also remapped from their original resolution (0.25° x 0.25°) to the 1° x 1° fire grid
with a bilinear interpolation (using Climate Data Operators, CDO%). Then, following a similar methodology
employed in the study of Jones et al.'!, we calculate Spearman’s rank-order coefficient. The Spearman correlation
coefficient was chosen due to the exponential relationship between climate (FWT) and fires (ONFIRE).

This analysis is not intended to investigate the drivers of fires or discuss the importance of the FWI but to
indirectly assess the ONFIRE datasets patterns using independent climate data that prior studies have shown
to be related to fire variability. Despite FWI being the most commonly applied index for meteorological rating
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Fig. 6 Mean annual burned area (km?) for the ONFIRE (panel a) and the FireCCI51 (panel b) datasets for
Chile. Data for the period 2001-2020, or shorter depending on the data availability (see Tables 1, 2). Areas with
no data are shown in grey.

fire danger worldwide’®?®%, it may not be the best predictor for explaining BA variability'*!°!. Previous stud-
ies! 94100102 demonstrated that the connection between BA and FWI varies depending on the geographical
location. The relationship is stronger in regions with high biomass, where the main constraint to fire is fuel
moisture, rather than fuel availability. In contrast, BA shows less sensitivity to FWI in xeric grasslands and
shrublands since these systems are more constrained by fuel productivity''. Jones et al.!' have shown that there
is a positive and statistically significant correlation between monthly BA and monthly FWT in most regions of
the world. Specifically, this relationship is particularly strong in Canadian and Alaskan forests, central Chile, the
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Fig.7 Spearman correlations between monthly estimates of burned area for the Canadian and U.S.A. regions,
for different datasets and periods: (a) ONFIRE-NBAC against ONFIRE-NFDB in Canada for the period 1986-
2020, and ONFIRE-FPA-FOD against ONFIRE-MTBS in the U.S.A. for the period 1992-2020; (b) same as in
(a) but for the more recent period 2001-2020; (c) ONFIRE-NBAC (Canada) and ONFIRE-FPA-FOD (U.S.A.)
against FireCCI51; and (d) ONFIRE-NFDB (Canada) and ONFIRE-MTBS (U.S.A.) against FireCCI51 Study
period in (b), (), and (d) is 2001-2020. Areas with no data are shown in grey.
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Fig. 8 Spearman correlation between monthly burned area estimates from the ONFIRE and the FireCCI51
datasets for Australia (a), Chile (b), and Europe (c), during the period 2001-2020 (or shorter, depending on the
data availability; see Tables 1, 2 and Fig. 1). Areas with no data are shown in grey.
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Fig. 9 Spearman correlation between monthly Fire Weather Index (FWTI) and burned area (BA) as estimated

by different datasets and periods: (a) ONFIRE-NBAC (1986-2020; Canada) and ONFIRE-FPA-FOD (U.S.A.
1992-2020); (b) ONFIRE-NFDB (1979-2021; Canada) and ONFIRE-MTBS (1984-2020; U.S.A.); (c) FireCCI51
(2001-2020). Areas with no data are shown in grey.
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Fig. 10 Spearman correlation between monthly Fire Weather Index (FWI) and burned area (BA) in Australia,
panel (a) for the period 1979-2021 (or shorter, Tables 1, 2) with ONFIRE data, and panel (b) for the 2001-2020
period with FireCCI51 data. Areas with no data or non-significant (p-value < 0.05) correlations are shown in grey.

Mediterranean, north and southeast Australia, and the western U.S.A. Very similar results have been found here,
as we detail in the following.

The BA provided by the ONFIRE datasets and the FWT at the monthly scale (for the period 1979-2021 or
shorter, depending on the data availability; see Tables 1, 2) are well correlated (Figures ranging from 9 to 12)
and mostly resemble the assessment shown by Jones et al.!. For the USA region, higher correlations over the
western U.S.A. (of more than 0.75) are observed considering the ONFIRE-FPA-FOD (Fig. 9a) than considering
the ONFIRE-MTBS data (Fig. 9b). Interestingly, Fig. 9c shows that FireCCI51 and ONFIRE data are on the same
order of magnitude of correlations compared to FWI, except over the western U.S.A., where ONFIRE-FPA-FOD
shows higher values. For Australia (Fig. 10a), a significant correlation between burned area (ONFIRE) and FWI
data is shown in the north and southeast of the region. This may be explained as the limited availability of fuel
plays a crucial role in shaping fire patterns in inland Australia. Conversely, in the forested regions of the eastern
and southwestern coastlines, the dryness of the existing fuel further exacerbates the fire risk. Significant correla-
tions are found in the European region (Fig. 11a), with particularly high values over the Iberian Peninsula, south-
ern France, and Italy. In Chile (Fig. 12a), the ONFIRE data show a significant and high correlation practically
throughout the region, with higher values in the central part of the country. In general, we have observed similar
patterns when analysing the FireCCI51 data, albeit with slightly lower correlation values (Figs. 10b, 11b, 12b).
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Fig. 11 Spearman correlation between monthly Fire Weather Index (FWTI) and burned area (BA) in Europe,
panel (a) for the period 1979-2021 with ONFIRE data, and panel (b) for the 2001-2020 period with FireCCI51
data. Areas with no data or non-significant (p-value < 0.05) correlations are shown in grey.

Usage Notes

Informed user. The use of the ONFIRE dataset comes with some caveats and users should be aware of the
limitation of these data. While the original data that form this dataset represent the most comprehensive fire
inventories in each considered region, these are not free from uncertainties and are not fully complete. Similar
to other fire databases!>**72103, small fires are probably frequently missing and the minimum burned area for
which a fire is recorded may not be consistent over the study period (as also noticed in other subregional data-
sets®”. Nevertheless, since BA is generally dominated by large fires, the exclusion or inclusion of small fires (e.g.,
<1ha) is not expected to significantly affect the total BA in most regions’. Also, it is important to note that in
the ONFIRE dataset, certain datasets such as the MTBS and NFDB have inclusion thresholds for fires larger than
200 ha and 400 ha, respectively. While these thresholds exclude smaller fires, our comparative analysis across
different datasets for northern America suggests that the exclusion of fires below these thresholds does not sig-
nificantly impact the total BA estimations. This observation aligns with the general understanding that BA is
predominantly influenced by larger fires, that are usually recorded, presumably because of their bigger impacts.
The results presented here indicate that ONFIRE can be regarded as a reliable source of standardised informa-
tion on historical fire activity, despite its inherent limitations. One notable advantage of ONFIRE is its ability to
cover the longest period of monthly data compared to other available, and widely used, datasets in the scientific
community. This addresses a longstanding request from the fire science community'® and for the benchmarking
of fire-enabled global vegetation models'*. Additionally, ONFIRE complements existing databases*® which only
provide yearly data until 2000, and the FireCCILT11 dataset'® which covers the period from 1982 to 2018 but is
cautioned against applying in time series fire analyses'®. Another strength of ONFIRE lies in its focus on wildland
fires. The individual datasets constituting ONFIRE are curated to primarily include fires in natural landscapes,
while fires over agricultural or other artificial surfaces are deliberately not included in the source data sets. This
focus underscores the utility of ONFIRE in emphasising climate and vegetation-related fires, making it particu-
larly valuable for assessments and projections of natural fire regimes.

In any case, we recommend that end-users utilise the ONFIRE data, in tandem with other fire datasets, when
available, to conduct a more thorough analysis. The growing awareness of the inherent limitation in earth obser-
vation products now relies mainly on uncertainty assessments obtained by comparing existing datasets'®”15,
Consequently, users are encouraged to contemplate the above limits when planning analysis based on ONFIRE.
That is, fire datasets may have different levels of accuracy, coverage, and temporal resolution, so it is essential to
evaluate their suitability for the specific research purpose carefully and to compare them with other available
datasets when possible. An important aspect to take into account is spatial/temporal resolution. If the goal is,
for instance, to study the relationship between climate and burned area, a grid resolution of 1° would likely be
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Fig. 12 Spearman correlation between monthly Fire Weather Index (FWI) and burned area (BA) in Chile,
panel (a) for the period 1979-2021 with ONFIRE data, and panel (b) for the 2001-2020 period with FireCCI51
data. Areas with no data or non-significant (p-value < 0.05) correlations are shown in grey.

sufficient, as it provides a good balance between spatial resolution and computational efficiency. However, stud-
ies on specific regions or land use types may require a higher-resolution grid.

Nature of a living dataset. Finally, we would like to acknowledge that the data contained within the
ONFIRE dataset embody the collective work of fire mapping, rescue, and maintenance and required an enormous
amount of time, effort, and resources to generate. ONFIRE has harmonised all these different datasets but does
not claim their generation. When reusing (and when realistically feasible), we advise users to cite both ONFIRE
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and references to the original data to ensure proper attribution. Owing to the proven utility of the regional data
source that composed this dataset, a specific common repository for these data may be of significance to the
research community. This database will increase the reuse of this curated information for various applications.
Version-controlled releases of the dataset, additional references, and metadata can be found on Zenodo (https://
zenodo.org/record/8289245). Despite our best efforts to collect authoritative data and assess them in a common
framework, it may be possible that we have overlooked errors in the data sets. We strongly encourage the users to
report any issues or omissions by contacting the authors. Our intention is that any erroneous information will be
updated in future releases of the dataset. Likewise, we encourage the community to contribute new data for other
regions of the world so that the database can continue to grow, with the hope that ONFIRE will remain a useful
resource for years to come.

Code availability
All codes used in the development and validation of the ONFIRE Dataset™ are freely available on Zenodo”:
https://zenodo.org/records/10512198.
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