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Prescribed burning (RxB) is a land management tool used widely for reducing wildfire hazard,
. restoring biodiversity, and managing natural resources. However, RxB can only be carried out
. safely and effectively under certain seasonal or weather conditions. Under climate change,
. shifts in the frequency and timing of these weather conditions are expected but analyses of
. climate change impacts have been restricted to select few regions partly due to a paucity
. of RxBrecords at global scale. Here, we introduce GlobalRx, a dataset including 204,517
. RxBrecords from 1979-2023, covering 16 countries and 209 terrestrial ecoregions. For each
record, we add a comprehensive suite of meteorological variables that are regularly used in
. RxB prescriptions by fire management agencies, such as temperature, humidity, and wind
. speed.We also characterise the environmental setting of each RxB, such as land cover and
. protected area status. GlobalRx enables the bioclimatic range of conditions suitable for RxB
© to be defined regionally, thus unlocking new potential to study shifting opportunities for RxB
. planning and implementation under future climate.

: Background & Summary

© Prescribed burning (RxB) is a prominent land management tool used globally to accomplish a range of eco-
. logical, economic, and societal objectives. In many fire-prone regions such as savannas, shrublands, and dry
. temperate forests, RxB is used to reduce excessive fuel loads accumulated under fire exclusion and the sup-
. pression of Indigenous and traditional fire use, which resulted in increased wildfire extent and severity, loss of
© native biodiversity, and decreased landscape resilience!>. When applied in strategic locations and at sufficient
. frequencies and extents, RxB can help reduce the incidence, extent, and intensity of wildfires, thereby aiding fire
. suppression efforts and reducing damage and losses due to wildfire**. In fire-adapted ecosystems, RxB can help
© restore and maintain native flora and fauna habitat, increasing native biodiversity and also protecting against
. wildfires beyond the adaptation capacity of these species’. In some ecosystems, RxB may also mitigate carbon
* emissions from wildfires, reducing the extent and severity of burned area compared to wildfire!®!!.

: Globally, fire is used in both fire-sensitive and fire-adapted ecosystems for agriculture, pastoralism, and man-
. aging subsistence resources, such as local food staples and other non-timber forest products'>~'4. RxB can play a
. key role in maintaining livelihoods that rely on these uses while minimising negative ecological impacts of fire
- when implemented within an integrated fire management (IFM) framework". IFM calls for ecologically and
. socially appropriate approaches to managing wildfire risk and fire use'®. Although not often a formal objective
© of RxB, the practice has also in some places reinvigorated and recognized local knowledge and contributed to
© correcting some of the injustices accrued to Indigenous communities in colonial and conservation periods of
. fire exclusion'’~".

: There is a growing recognition that RxB, informed by Indigenous and traditional knowledge, can play a key
© role in restoring native vegetation, maintaining landscape resilience, and sustaining local economies". However,
- the application of RxB often involves the balancing of multiple and sometimes conflicting land management
. objectives and potential adverse effects, many of which are not well-understood**?'. For example, land managers
. applying RxB to reduce fuel loads must often balance the interval, season, and pattern of its application with the
. phenology and life cycles of important plant and animal species to minimise mortality and allow sufficient time
* and space to recover’>?, Similarly, RxB programs must balance the timing and extent local fire use needs (or the
. lack thereof) with conservation policies and ecosystem-specific fire ecology**-?¢. Crucially, one of the primary
. constraints on RxB is the occurrence of appropriate weather conditions that can facilitate the fire behaviour
© necessary to accomplish the desired objectives. These constraints are also complicated by a changing climate,

: #Afulllist of authors and their affiliations appears at the end of the paper.
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which may diminish the protective effect of RxB against wildfire under increasingly extreme fire weather, and
also further reduce the limited opportunities to conduct RxBs?*’.

The continuing and expanding use of RxB highlight the need for continued interdisciplinary research
on the objectives, implementation strategies, and the social and ecological effects of RxB, especially under
a changing climate®*~%. Central to addressing these challenges is an improved understanding of the pat-
terns and trends in RxB practices, of which continued, long-term quantitative and qualitative data is a key
component.

Meteorological constraints on prescribed burning. Weather is one of the primary constraints on
RxB3!%2, RxB weather must facilitate fire behaviour such that burns are not so intense that they result in excessive
plant mortality®*, undesirable changes to soil properties®, vegetation type conversion®, and risk to human lives.
On the other hand, RxBs conducted at insufficient intensity may consume too little fuel to effectively mitigate
wildfire or provide ecological benefit***”. In many regions, consideration for air quality must also be taken into
account, further limiting the days RxBs may be carried out. In many countries, prior to burning, a written and
approved plan must define the specific weather and fuel moisture conditions required to facilitate the fire behav-
iour necessary for achieving the desired management objectives®*. These plans are sometimes legally binding,
and burns may not be carried out if weather conditions are not met***. The period of time during which suitable
meteorological conditions and other factors such as air quality and resource allocation are achievable are referred
to as the prescription burn window (RxBW)3¢,

Agencies and land managers seeking to carry out RxBs determine the RxBW that are suitable based on tech-
nical guidelines and regulations, ecosystem-specific knowledge of vegetation and fire behaviour and ecology,
meteorological information or forecasts, and practical experience*!. The weather-related metrics used to regulate
RxB or guide decision-making can include temperature, humidity, wind, precipitation, fuel moisture, and fire
danger indices that integrate multiple meteorological variables into an overall rating of potential for dangerous
fire behaviour*2. Operational limits can vary across land covers, ecoregions and fuel types. RxBs are generally
concentrated in seasons when conditions are more likely to be favourable to fire control, such as in autumn or
spring in the extratropics and the early dry season in the tropics.

Climate change impacts on prescribed burn windows. Climate change is raising temperatures and
increasing the frequency of dry extremes globally, leading to increased fire danger**!. Under future climate
change, the RxBW may lengthen, shorten, or shift seasonally, meaning a potential for change in the opportunities
to conduct RxBs and a need to consider future resource needs*>*>*. Previous work has shown that the meteor-
ological window of opportunity to conduct RxBs is shortening in the western US alongside a lengthening of the
wildfire season due to climate change*”*%. Climate model projections also indicate that the historical meteorolog-
ical window of RxB opportunity is shortening during summer months in the southeast US as extreme fire weather
becomes more frequent?. Regional changes in the duration of the weather window for RxBs have also been
projected in Australia?”-***°, However the direction of change varies regionally and trends can differ depending
on how RxBWs are defined*>#°.

Until now, there has been no global database of RxBs. Consequently, analyses of shifts in weather windows
have been concentrated in a small number of regions with consolidated datasets that are easily accessed (chiefly
in North America and Australia). Additionally, comparison of RxB uses and RxBW's within and across countries
and ecosystems has been limited. Given the future projections of increased fire-prone weather under climate
change, it is increasingly important that agencies and practitioners of RxB are equipped with quantitative and
qualitative information about how current practices, resource allocation, and regulations may need to adapt in
the future to ensure that RxBs can remain safe and effective.

Global data to inform analyses of prescribed burns. Here, we describe a new dataset of 204,517 geo-
referenced and datestamped RxBs (GlobalRx; see Figs. 1-22) conducted between 1979-2023. GlobalRx is assem-
bled from regional and national databases, described in more detail in Tables 1-3 in the Methods section. The
records span 16 countries, 12 biomes, and 209 ecoregions of the world®'. GlobalRx includes data from public and
private repositories maintained by national or state governments, wildland fire management agencies, protected
areas such as national parks, and research projects. For each RxB record in GlobalRx, we provide a range of mete-
orological variables based on the ERA5 reanalysis dataset®>* and information about the environmental setting
based on thematic layers (e.g. land cover, ecoregion, protected area status; see Data Records, Tables 2-3). We com-
piled records starting in the year 1979 so that records could be geolocated (value obtained at location of burn) to
meteorological variables in the ERA5 reanalysis dataset. GlobalRx can be used to analyse the proportion of burns
falling within RxBW s for different ecosystems and land covers and to compare results across regions and climates.

GlobalRx can facilitate the exchange of harmonised meteorological and environmental data, stream-
lining the planning and evaluation of RxB across similar ecosystems under future climate. The database
also complements other efforts to quantify and parameterise global anthropogenic fire impacts that have
been made through the development of the database of anthropogenic fire impacts (DAFI) and livelihood
fire database (LIFE)>*%°. Together, these databases strive to provide critical new information for evaluating
regional variations in fire use practices, evaluating the impacts of climate change on human fire use, as well
as for training regional to global-scale fire models to better represent the effects of human fire use on land
surface processes> ¢,
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Fig. 1 Prescribed burns from the datasets collated in the GlobalRx dataset (Supplementary Table 1), which
includes records from 1979-2023 across 16 countries and 209 ecoregions. Countries are coloured in according
to the number of records they have within GlobalRx.
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Fig. 2 Distribution of RxB records by month of the year for each biome in the country of Australia. The total
number of records falling within a biome are indicated in the title. Note that not all records fall within a biome
boundary, so that the number of total records for the country may not match the number indicated in the title.

Brazil (9,873 records)

w
g 0.2 1 [ Deserts & Xeric Shrublands
2 [ Flooded Grasslands & Savannas
‘s [ Tropical & Subtropical Dry Broadleaf Forests
S 0.14 [ Tropical & Subtropical Grasslands, Savannas & Shrublands
-:’“:é I Tropical & Subtropical Moist Broadleaf Forests
w

0.0 —

B82285255834

Fig. 3 Distribution of RxB records by month of the year for each biome in the country of Brazil. The total
number of records falling within a biome are indicated in the title.

Methods

Assembling burnrecords. Data acquisition. The sources of all national or regional datasets contributing
to GlobalRx are listed in Supplementary Table 1. We obtained records from public repositories where available
(see references in Supplementary Table 1), and otherwise submitted data requests to the providers identified in
Supplementary Table 1.

The minimum requirements for inclusion of an RxB record in the GlobalRx dataset were geolocation data
(latitude and longitude, along with information regarding the geographic or projected coordinate system) and
a record of the day on which the burn was conducted. All data were provided as either a vector dataset (e.g.
ESRI shapefiles) or a tabular dataset (e.g. Excel spreadsheets). The data from all sources listed in Supplementary
Table 1 were parsed into a common tabular format with fields as described in Tables 1-3.

Two supplementary variables were also parsed from the national or regional records in the cases where they
were recorded in the source data: the area burned by the RxB was recorded for 192,179 records spanning all
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Fig. 4 Distribution of RxB records by month of the year for each biome in the country of Canada. The total
number of records falling within a biome are indicated in the title. Note that not all records fall within a biome
boundary, so that the number of total records for the country may not match the number indicated in the title.
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Fig. 5 Distribution of RxB records by month of the year for each biome in the eastern Pyrenees of France. The
total number of records falling within a biome are indicated in the title.
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Fig. 6 Distribution of RxB records by month of the year for each biome in the country of Germany. The total
number of records falling within a biome are indicated in the title.

countries except Brazil and the United Kingdom. The primary objective of the RxB was available for 112,397
records spanning select burns in Australia, Brazil, Italy, Portugal, Russia, and the USA (69% of all records).

Harmonisation. To ensure consistency in the format of the GlobalRx record across all regions, we applied the
following transformations to the data where necessary.

Geographical projection. The coordinates of all records were reprojected to the WGS84 geographic coordinate
system if necessary using the project tool from the Python GeoPandas package version 0.9.0.

Ignition geolocations. In some cases, the data provided by sources in Supplementary Table 1 were retrieved in
an ESRI polygon shapefile format mapping the boundary of each RxB. In these instances, the burn geolocation
was approximated as the geometric centroid of the area burned by an RxB as derived using the Python GeoPandas
package version 0.9.0. The North Australia and Rangelands Fire Information (NAFI) dataset provided records
for the Northern Territories in Australia as ESRI line shapefiles, in which case the midpoint of each burnline was
selected manually for each fire.

Problematic geolocations.  All RxBs with coordinates falling outside of their origin country’s borders were indi-
vidually inspected. We applied corrections to coordinates where the error could be determined, which included
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Fig. 7 Distribution of RxB records by month of the year for each biome in the country of Italy. The total number
of records falling within a biome are indicated in the title.
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Fig. 8 Distribution of RxB records by month of the year for each biome in the country of Japan. The total
number of records falling within a biome are indicated in the title. Note that not all records fall within a biome
boundary, so that the number of total records for the country may not match the number indicated in the title.
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Fig. 9 Distribution of RxB records by month of the year for each biome in the country of Mexico. The total
number of records falling within a biome are indicated in the title.

cases for which the latitude and longitude were swapped, where there was a missing negative sign, or where the
decimal point was placed one place off (e.g., —6.023 instead of —60.23). Burn records were kept if these correc-
tions resulted in the burn falling within the country and subregion listed in the original record. Burns falling into
subregions inconsistent with the listed subregion (e.g., correct country but incorrect state) were corrected using
the same methods described above and kept only if consistent with the remainder of the burn location informa-
tion. Burns for which coordinates could not be corrected and which fell within bodies of water were excluded
from GlobalRx. In some cases, RxB records originating from within a certain country were located outside of that
country’s domain. However, these points were inspected and found to be located in national parks or protected
areas spanning national borders. In these cases, the points were kept in the dataset. This applied to burn records
from the province of Ontario in Canada, which includes 1 point in St. Lawrence Islands National Park located in
New York, and Brazil, which includes 33 points from the Guiana shield region located in Venezuela.

Duplicates. Duplicates were filtered out by identifying and eliminating points for which the Latitude and
Longitude (rounded to the nearest 0.001°) and date were the same. For the United States USGS dataset (ref. *7),
which provided ESRI polygons and also included subsets of the Monitoring Trends in Burn Severity (MTBS) and
National Fire Plan Operations and Reporting System (NFPORS) datasets, potential duplicates across datasets were
also filtered by identifying any records that fell within the mapped burn polygons on the same recorded dates.
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Fig. 10 Distribution of RxB records by month of the year for each biome in the country of Portugal. The total
number of records falling within a biome are indicated in the title.
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Fig. 11 Distribution of RxB records by month of the year for each biome in the country of Russia. The total
number of records falling within a biome are indicated in the title. Note that not all records fall within a biome
boundary, so that the number of total records for the country may not match the number indicated in the title.
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Fig. 12 Distribution of RxB records by month of the year for each biome in the country of South Africa. The
total number of records falling within a biome are indicated in the title.

Burn dates. For multi-day RxBs, the registered date of the burn in GlobalRx is the date of first ignition. RxBs
with timings that could not be reconciled with the period of record, such as those erroneously logged as occurring
in future years, were also excluded from GlobalRx.

Burned areas. All burned area data, where available, were standardised to the common unit of hectares. It
should be noted that burned area data may in some cases be an overestimate of the actual area burned, since the
recorded burned area value may be for an entire plot approved for burning, though only a portion of a plot may be
treated. Similarly, in areas where achieving a mosaic pattern on the landscape is the objective, such as in Australia,
the actual burned area will also be less than the total treatment area, since only patches within the entire treatment
area are burned.

Record selection. 'When collating data from public fire records (e.g., fire history datasets which include wildfires
and intentional fires), all records that were tagged as any kind of intentional fire (“prescribed’, “controlled”, “pre-

» <« » <

scribed fire”, “prescribed burn’, “controlled burn’, “slash’, “agriculture”, and similar variants) were kept.

Acquisition of meteorological conditions for each burn.  We recorded the value of the underlying
meteorological components most commonly used to compute the fire danger indices, including 2-metre temper-
ature, relative humidity, daily accumulated precipitation, and wind speed. We also record the value of boundary
layer height, as this is commonly used as a metric to ensure adequate smoke dispersion during RxBs. Typically,
local noontime of these variables are used to calculate the fire danger indices. However, we accessed the daily
maximum temperature, daily minimum relative humidity, maximum wind speed, and minimum boundary layer
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Fig. 13 Distribution of RxB records by month of the year for each biome in the country of Spain. The total
number of records falling within a biome are indicated in the title.
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Fig. 14 Distribution of RxB records by month of the year for each biome in the country of Sweden. The total
number of records falling within a biome are indicated in the title.
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Fig. 15 Distribution of RxB records by month of the year for each biome in the country of Thailand. The total
number of records falling within a biome are indicated in the title.

height, as these minimum and maximum values would set the most conservative limit on prescription burn win-
dows. All variables were also accessed from the ECMWF ERAS5 meteorological reanalysis™.

In addition to fire weather or fire danger indices, other metrics of the meteorological controls on landscape
susceptibility to fire have also been used in wildfire research applications during recent years, including vapour
pressure deficit (VPD), which has proven to be an effective predictor of fire incidence in some regions®®*,
and the Continuous Haines index (CHI), a metric of atmospheric instability and smoke plume transport into
the mid- and upper- troposphere®°!. These variables were computed from the ECMWF ERA5 meteorological
reanalysis and included in the dataset. More detailed descriptions can be found below. For each burn, the mete-
orological value with the latitude and longitude closest to the burn’s coordinates (determined by minimising the
differences between the ERA5 and burn latitudes and longitudes, respectively) were recorded.

Fire weather and fire danger indices. Fire weather is defined as weather conditions under which fire
growth and ignition are favourable - typically when the weather is hot and dry. Fire danger describes the risk
of a fire starting and spreading on a landscape, and is typically quantified using measurements of fire weather®
Indices of fire weather and fire danger were developed in various world regions as a means of rating flammability
of alandscape and to rate daily fire weather and fire danger under the current meteorological conditions. These
indices integrate the effects of multiple meteorological variables on the overall readiness of landscape fuels to
burn. Fire weather or fire danger indices have occasionally been used in research settings to analyse the window
of opportunity for prescribed burning and how it is changing on regional scales®**. The indexes used most widely
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United Kingdom (1,644 records)
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Fig. 16 Distribution of RxB records by month of the year for each biome in the country of England. The total
number of records falling within a biome are indicated in the title.
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Fig. 17 Distribution of RxB records by month of the year for each biome in the country of the United States.
The total number of records falling within a biome are indicated in the title. Note that not all records fall within
a biome boundary, so that the number of total records for the country may not match the number indicated in
the title.
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Fig. 18 Distribution of RxB records by month of the year for each biome in the Western United States. The total
number of records falling within a biome are indicated in the title.

for research purposes include the Canadian forest fire weather index (FWI), the Australian (McArthur) forest
fire danger index (FFDI)®*%, and the burning index (BI) of the US national fire danger rating system. All of these
indices are functions of fuel moisture and fire weather.

For each RxB, we recorded the value of the most widely-applied indices, including the Canadian FWI, the
BI of the US NFDRS, and the Australian FFDI. We accessed these variables from the Copernicus Emergency
Management Service (CEMS) historical fire weather indices dataset derived from the ERA5 reanalysis prod-
uct®?, which is among the most prominent reanalysis products used in global analyses of fire weather or fire
danger*>*>*, The fire weather or fire danger ratings were accessed at a spatial resolution of 0.25° and a temporal
resolution of 1 day. For each burn, the fire weather index or subcomponent value with the latitude and longitude
closest to the burn’s coordinates (determined by minimising the differences between the ERA5 and burn lati-
tudes and longitudes, respectively) were recorded.

Canadian fire weather index (FWI). FWTI is the top-level index of the CFFDRS that was developed in the 1970s
by the Canadian Forestry Service by unifying various fire danger systems that had been implemented by local or
regional wildland fire agencies across Canada. The FWTI is calculated from a pyramid of sub-indices. The three
primary sub-indices (FFMC, DMC, DC, described below and also included in the dataset) represent the mois-
ture content of specific forest floor layers (fine fuels, duff and organic soil) as a function of temperature, relative
humidity, precipitation, and wind speed. Two intermediate sub-indices, the initial spread index (ISI) build-up
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Fig. 19 Distribution of RxB records by month of the year for each biome in the Central United States. The total
number of records falling within a biome are indicated in the title.
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Fig. 20 Distribution of RxB records by month of the year for each biome in the Eastern United States. The total
number of records falling within a biome are indicated in the title.
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Fig. 21 Distribution of RxB records by month of the year for each biome in Alaska. The total number of records
falling within a biome are indicated in the title.
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Fig. 22 Distribution of RxB records by month of the year for each biome in Puerto Rico. The total number of
records falling within a biome are indicated in the title.

index (BUI), are calculated by combining the primary sub-indices and wind speed, and represent the potential
fire behaviour rate of fire spread and fuel consumption, respectively. The FWI index, calculated by combining
the intermediate sub-indices, represents the fireline intensity®. The parameters used in the calculation of each
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Variable Name Data Type | Unit Description

ID String — Unique identifier for burn record

Latitude Numeric Degrees north ;:(t)lgt;l;i;ﬁ?cl iggigiﬁzzz :; sttl"l;nb)um, expressed relative to the equator (WGS84

Longitude Numeric Degrees east %svngist;final coorc}inate of‘ the burn, expressed relative to the prime meridian
geographic coordinate system)

Year Numeric Years AD

Month Numeric Month Date of the burn (Gregorian calendar)

Day Numeric Day of the month

Time Time Time of day Local time of the burn (HH:MM)

DOY Integer — Day of the year (1 through 366)

|- B s e ot nd ) on i b v

Country String — Country in which the burn was conducted

State/Province String — Administrative region in which the burn was conducted

Agency/ Organisation String — Organisation providing the record

Burn Objective String — Objective(s) of the prescribed burn, if provided (defaults to NaN if not)

Area Burned (Ha) Numeric Hectares Area burned by the prescribed fire

Data Repository String — Link to a public repository hosting the record (if public)

Citation String — Record-specific citation

Table 1. Description of variables from burn record information included in GlobalRx (version 2024.1).

sub-index and their combination have been optimised to explain variability in observations. The CFFDRS sys-
tem was originally developed for application in mature, closed-canopy pine forests. However, all input variables
are climactic only, which enables its application on the global scale, regardless of fuel type®®.

Fine fuel moisture code (FFMC). The Fine Fuel Moisture Code (FFMC) is a numeric rating of the moisture
content of litter and other dead fine fuels, such as small twigs, leaves, needles, grasses, or other small diameter
material®’. It is one of the subcomponents used to compute the FWI. The rating is an indicator of the ease of
ignition and flammability of fine fuels and is a function of temperature, relative air humidity, wind speed and
noontime precipitation. The FFMC is bounded between 0 and 99, and fine fuels are generally considered flam-
mable above a value of 70,

Duff moisture code (DMC). The Duff Moisture Code (DMC) is a numeric rating of the moisture content of
loosely compacted, decomposing organic matter. It is one of the subcomponents used to compute the FWI.
It assesses fuel consumption in moderate duff layers and medium-size woody material at mid-afternoon and
is a function of temperature, relative air humidity, noontime precipitation, and the current month in order to
take daylength into account. It reacts more slowly to weather changes compared to the FFMC and is needed
to account for the amount of moisture lost daily by slow drying fuels, which is as much dependent on the time
available as on noontime atmospheric conditions®.

Drought code (DC). 'The Drought Code (DC) is a numeric rating of the moisture content of the deep layer
of compact organic matter. It is one of the subcomponents used to compute the FWTI. It assesses the effects of
seasonal drought on deep duff layers and heavy fuels and is a function of noontime temperature, precipitation,
and the current month. The DC reacts the slowest among the three primary sub-indices to weather changes and
captures long-term drought effects®.

US fire danger rating system burning index (BI). 'The BI is one of four outputs from the US National Fire
Danger Rating System Burning Index (NFDRS)®. The NFDRS was developed in the early 1970s and unified
several rating systems in use across the US at the time. The NFDRS is designed to be applicable to every part
of the US, but adaptable to the needs of local managers. The system is based on semi-empirical parameteri-
sations that capture the relationships between fuel types, weather, topography and fire behaviour®. NFDRS
computes three sub-indices representing ignition probability, rate of spread, fireline intensity, and difficulty of
control. The sub-indices represent dead and living fuel moisture conditions and are determined by relation-
ships with temperature, relative humidity, precipitation, wind speed, solar radiation, vapour pressure deficit,
day length, precipitation, topographic slope, and fuel type. The BI is then computed from the sub-indices in an
optimised manner. In contrast to the CFFDRS, the NFDRS is fuel-type dependent and so allows for selection of
ecologically-appropriate fuel models to determine the distribution of fuel across different fuel classes.

Australian (McArthur) forest fire danger index (FFDI). The McArthur Forest Fire Danger Index (FFDI) was
developed in the 1960s as a measure of fire danger in eucalypt forests of eastern Australia®. The FFDI equation
is an exponential function of temperature, relative humidity, wind speed, and a drought factor based on the
Keetch-Byram Drought Index (KBDI).
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Variable Name Data Type | Unit Description

Daily maximum, mean 2-metre temperature, derived from the hourly 0.25° ERA5

T_max, T_mean Numeric | degrees Kelvin . 246
reanalysis product

Daily maximum, mean 10-metre wind speed, derived from the hourly 0.25° ERA5

Wind_max, Wind_mean | Numeric | metres per second ; 246
reanalysis product

Daily minimum, mean relative humidity, computed from the hourly 2-metre and

RH_min, RH_mean Numeric | % dew point temperatures 0.25° ERAS5 reanalysis products**®
PPT_tot Numeric | metres Daily total precipitation, derived from the hourly 0.25° ERA5 reanalysis product®*
BLH. min Numeric | metres Daily minimum b(;}‘lsndary layer height, derived from the hourly 0.25° ERA5
reanalysis product
. . . Canadian Forest Fire Weather Index (FWI) value, derived from the daily 0.25°
FWI Numeric | Unitless index ERAS fire weather product?”’
FFMC Numeric | Unitless index

The three primary sub-indices of the Canadian FWI (fine fuel moisture code,
DMC Numeric Unitless index FFMC; duff moisture code, DMC; drought code, DC), derived from the daily 0.25°
ERAD5 fire weather product®’

DC Numeric | Unitless index
. . . Australian (McArthur) Forest Fire Danger Index (FFDI), derived from the daily
FFDI Numeric | Unitless index 0.25° ERAS fire weather product®”
KBDI Numeric | Unitless index Keetch-Byram D21;(7)ught Index (KBDI), derived from the daily 0.25° ERA5 fire
weather product
USBI Numeric | Unitless index US Burning Index (BI) from the National Fire Danger Rating System, derived from

the daily 0.25° ERAS5 fire weather product®”

Table 2. Meteorological and fire weather index variables included in GlobalRx (version 2024.1).

Keetch-byram drought index (KBDI). The KBDI is an estimate of soil moisture deficit, defined as the amount of
water necessary to bring the soil moisture to its full capacity. It indicates fuel availability for combustion and on
any one day is a function of its value on the previous day, temperature, and rainfall”.

Vapour pressure deficit (VPD). VPD is a key factor controlling evaporative demand and vegetation drying. It is
the difference between the vapour pressure (hPa) held by air at a given temperature and relative humidity, and
the vapour pressure (hPa) of saturated air at the same temperature (i.e. vapour pressure at 100% relative humid-
ity). Increased VPD leads to an increased moisture gradient between the atmosphere and vegetation tissues,
enhancing evaporative demand and promoting greater rates of transpiration and vegetation drying’!’2. Hence
VPD is a relatively straightforward measure of the impact of temperature and humidity on vegetation dryness
and thus readiness for combustion. For some regions without significant limitations to fuel quantity, VPD has
proven a strong predictor of wildfire occurrence*””. Unlike other indices, VPD does not depend on antecedent
conditions and therefore may not necessarily approximate fuel moisture conditions when observed at a single
time point’®. VPD was calculated at 3-hourly timesteps using 2m temperature and 2m dew point temperature
from ERAS5 at 0.25° resolution®® Actual vapour pressure (e,) and saturation vapour pressure (eg) were calculated
following ref. 7 from dew point temperature and temperature, respectively, and VPD was calculated as es-e,.
The daily maximum value of VPD at the geolocation of each RxB record was appended to the GlobalRx dataset.

Continuous haines index (CHI). 'The CHI® is an index that measures the potential for dry, unstable air to rise
and therefore to promote large, erratic fires®'. Higher CHI values indicate a higher potential for the uplift of
smoke, thus affecting regional air quality”®, and embers, thus raising the likelihood of downwing spotting igni-
tions’®. In addition, higher CHI values indicate a higher potential for plume-driven fire behaviour, including the
formation of pyrocumulonimbus, which can also lead to additional ignitions through the occurrence of light-
ning”’. Due to the potential for unwanted fire spread and impacts on regional air quality, RxB is typically avoided
at high CHI values’®. The calculation of CHI combines a stability term, the difference in temperature between
two atmospheric levels, and a moisture term, the difference between the ambient and dewpoint temperature at
the upper atmospheric level®. CHI was calculated at 3-hourly timesteps using temperature at 750 and 850 hPa
and dewpoint temperature at 850 hPa from ERA5-Land at 0.25° resolution, following ref. 7. We use these pres-
sure levels as an approximation of the variables at a global average elevation. The CHI was calculated following
the formulas provided by Mills and McCaw 2010 and employed in numerous studies of extreme fire*>¢150, The
daily maximum value of CHI at the geolocation of each RxB record was appended to the GlobalRx dataset.

Acquisition of the environmental setting of each burn.  For each burn record, we also obtained the
value or classification of several thematic layers at the location of the burn. These thematic layers include terres-
trial ecoregions and biomes, fuel bed classification, protected area status, climate zone, and topography. These
layers are useful for contextualising the environment of the prescribed burn, as well as obtaining information
pertaining to the fire weather conditions under which the burns were conducted. More details on the thematic
layer data sources, data layer processing and calculation, and geolocation can be found in the sections below.

We highlight that these data derive from global thematic layers and broadly relate to the characteristics of nat-
ural vegetation; however, they may not necessarily reflect the specific land cover or ecosystem that was burned.

Biome and ecoregion. We identified the biome and ecoregion for the location of each RxB based on the
Terrestrial Ecoregions of the World (TEOW) dataset®’. The dataset was produced by biogeographers,
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Variable Name Data Type | Unit Description

One of 30 Képpen-Geiger climate classifications, derived from 1-km Képpen-Geiger
Koppen Climate Numeric | — historical climate classification maps for 1961-1990 and 1991-2020, depending on the date
of the burn record®.

Metres above sea level, derived from the 15 arc-second resolution GMTED2010 global

Topography Numeric | Metres digital elevation model, resampled to 0.0625 degree resolution®.
Fuelbed type in the locale, based on the global fuels dataset®!. The fuelbed code associated
Fuelbed Classification Strin . with the fuelbed type, found in lookup tables in ref. (*!), can be used to collect parameters
(GFD-FCCS) g (e.g. fuel loads and their distribution across six fuel strata) used in fire behaviour and
emission modelling.
. . Biome in which the burn is located, derived from the Olson Terrestrial Ecoregions of the
Biome (Olson) String — )
World product®'.
Ecoregion (Olson) Strin _ Ecoregion in which the burn is located, derived from the Olson Terrestrial Ecoregions of
5 ng the World product®.
WDPA Name String _ Name of the protected area from the World Database on Protected Areas in its original

language®

Governing body type from the World Database on Protected Areas®. Examples: national

WDPA Governance String - ministry or agency; regional ministry or agency; Indigenous land.

Individual, organisation, or group that holds legal ownership of the land or under
WDPA Ownership String — management®. Examples: State, Communal, Individual landowners, For-profit
organisations, Non-profit organisations

Designation given by the governing body from the World Database on Protected Areas®.

WDPA Designation String - Examples: national park; nature reserve.

Protected Areas Management Category from the World Database on Protected Areas, as
recognised by the International Union for Conservation of Nature (IUCN)*. Codes: Ia -
WDPA TUCN Category | String — Strict nature reserve; Ib — Wilderness area; II - National park; III - Natural monument or
feature; IV - Habitat/species management area, V - Protected landscape, VI - Protected
areas with sustainable use of natural resources.

Table 3. Environmental information variables included in GlobalRx (version 2024.1).

taxonomists, conservation biologists, and ecologists for the World Wildlife Foundation. It maps 14 biomes,
which are distinguished by climate (e.g. tropical versus temperate), dominant plant form (e.g. forest versus grass-
land) and plant traits (e.g. deciduous versus coniferous). Further, the dataset includes 867 ecoregions, which
distinguish units of finer-scale floristic or zoogeographic variation within biomes based on existing regional
classification systems and consultations with over 1000 regional experts. The biome and ecoregion data from
the TEOW were appended to each record in GlobalRx using the spatial join function in the GeoPandas package
in Python.

Global fuelbed classification. We identified the fuelbed classification of the fuel characteristic classification sys-
tem (FCCS) for the location of each RxB, based on the global fuel dataset (GFD)®!. The FCCS distinguishes wild-
land fuel characteristics and is used in fire behaviour and emission models to predict surface fire behaviour (e.g.
spread rates) and crown fire potential. Each fuelbed presents a distinctive structure and composition of wildland
fuels and thus shows a distinctive fire behaviour®”. The GFD maps fuelbeds globally for use in models employing
the FCCS system. The fuelbed map was produced by combining biome information from the TEOW dataset’!
with observations of land cover from the GlobCover 2005 V2.2 product and MODIS vegetation continuous
field (VCF) Collection 5 for the year 2005. In addition, the GFD provides FCCS-compliant fuelbed parameters,
including fuel loads and their distribution across six fuel strata. Parameters were inherited from regional fuelbed
datasets where available, or cross-referenced from regional datasets based on biome, species composition, and
tree canopy cover and height. All tiles of the fuelbed classification map were consolidated into a single file, resa-
mpled to 0.02 degree, and then saved as a netCDF file resolution using QGIS. The fuelbed classification from the
GFD maps were then appended to each record in GlobalRx by determining the fuelbed code with the latitude
and longitude closest to the burn’s coordinates (determined by minimising the differences between the GFD and
burn latitudes and longitudes, respectively). The fuelbed code was then referenced to the lookup tables provided
by ref. 8! to determine the fuelbed classification.

Protected area status. We identified the land protection status for the location of each RxB with classifica-
tions based on the World Database on Protected Areas (WDPA)®, which is a joint initiative of the [UCN and
United Nations Environment Programme and World Conservation Monitoring Centre®. The IUCN categories
include a range of strict (i.e. non-use) protection categories (Ia, Ib, II, IT) and protection classes that include
traditional peoples and Indigenous Communities (IV-VI). See ref. * for complete definitions of the categories
and Table 3 for brief details. The dataset was downloaded from the May 2024 update of WDPA®. The data were
appended using the spatial join function within the Python GeoPandas package. We included the name of the
protected area (in original language), the governance type (e.g. national ministry or agency; regional ministry
or agency; Indigenous land), the national or regional designation of the protected area (e.g. national park or
nature reserve), and the protected areas management category as recognised by the International Union for
Conservation of Nature (IUCN).

Climate classification. The Koppen-Geiger climate classification is a well-known and widely used climate clas-
sification system developed by Wladimir Képpen and later refined by Rudolf Geiger. The classifications are

SCIENTIFICDATA|  (2025) 12:1083 | https://doi.org/10.1038/s41597-025-04941-w 12


https://doi.org/10.1038/s41597-025-04941-w

www.nature.com/scientificdata/

designed to align with ecosystem and vegetation types world wide, and thus provide a useful insight into the RxB
environment®. The classification system is based on threshold values and seasonality of monthly air tempera-
ture and precipitation, and divides the world’s climate into five major classes and 30 total sub-classes®”. For each
burn, we identified the Képpen-Geiger climate classification using the 1-km Kdppen-Geiger historical climate
classification maps from 1961-1990 and 1991-2020, depending on the date of the burn record®. The classifica-
tion maps were read into Python as netCDFs, and we extracted the climate classification datapoint closest to the
location of the burn.

Elevation. Elevation is an important environmental parameter affecting fire regime, vegetation type and dis-
tribution, and soil properties®®®’. As such, it is an important determinant of natural resource management and
land use®**". For each burn, we identified the elevation, in units of metres above sea level, from the 15 arc-second
resolution GMTED2010 global digital elevation model, resampled to 0.0625 degree resolution®. The elevation
maps were read into Python as netCDFs, and we extracted the elevation value closest to the location of the burn.

Data Records
The GlobalRx dataset is available in 3 formats via the Zenodo repository®*:

1. Comma-separated values (CSV) format (GlobalRx_v2024.1.csv; 175 MB).
2. Microsoft Excel .xlsx format (GlobalRx_v2024.1.xlsx; 70 MB).
3. ESRI point shapefile (GlobalRx_v2024.1.shp, with accompanying.shx, .dbf, .prj and .cpg files; 1 GB).

In addition, tabular summaries of the Rx burn counts are available via the Zenodo repository as follows:

1. Per country and biome (summary_table_country_biome_GlobalRx.xlsx; 7 KB).
2. Per country and fuelbed type (summary_table_country_fuelbed_GlobalRx.xlsx; 14 KB).
3. Per country and Rx burn size class (summary_table_country_burnsize_GlobalRx.xlsx; 6 KB).

A description of all variables included in GlobalRx_v2024.1.xlsx is provided in Tables 2, 3. The information
contained within the attribute table of GlobalRx_v2024.1.shp is identical to that of GlobalRx_v2024.1.xlsx. The
current version of the dataset contains 204,517 records of individual RxBs (Fig. 1).

Technical Validation

Our technical validation consists of two phases. Firstly, we evaluate the distribution of burns across land covers,
ecoregions, and seasons on national and regional bases to assess representation, and compare these patterns with
the available regional literature. This informs our qualitative assessment of the representativeness of GlobalRx on
national scales and provides opportunities to identify likely data gaps in cases where the distribution and quan-
tity of data are not consistent with the literature. Supplementary Text S1 provides a more detailed description of
fire and land management history, fire ecology, and fire regime for each country to further contextualise the role
of RxB and other controlled fire uses in relevant regions of that country.

Thereafter, we assess how the values of meteorological variables and fire weather and danger indices in
GlobalRx compare with permissible ranges for Rx burns based on the regional legislation or practice guidelines
used in burn plans through a series of case studies using burn records from Australia, Portugal, and Sweden.
These case studies enable readers to assess how representative the recorded meteorological values are of actual
RxB conditions in different environment types and also provide a range of validation plots to suit a range of
usage cases, recognising that each end user may have a different motivation for accessing the dataset as well as
diverse regional foci.

Country profiles.  Australia. GlobalRx contains 120,696 records from Australia spanning 1979-2023. Burn
records were collected from each state (New South Wales®: 7041; Northern Territory®: 344; Queensland®: 8,302,
South Australia®”: 1,377; Tasmania®®: 2,067, Victoria®: 89,576; Western Australia'®: 11,989), from each state-level
agency that manages RxB (Supplementary Table 1). All records, excepting those from the Northern Australian
Fire Information site, are publicly available on each state agency website. Burns were conducted in every state of
the country, covering tropical and subtropical rainforests and grasslands, mediterranean, desert, and montane
shrublands, and temperate forests and grasslands. The majority of records (96,711 records, 80%) come from the
southeast states (New South Wales, Victoria), where the country’s highest population densities coincide with
some of the most flammable landscapes in the world!?!. The majority of these burns was conducted in temper-
ate eucalypt forests and mallee woodlands. The burn objective, which was recorded for Western Australia and
Victoria, was predominantly hazardous fuel reduction (Victoria: 82,477; Western Australia: 2,700) followed by
burns conducted for ecological management (Victoria: 4,359 burns; Western Australia: 1,056 records) and silvi-
culture (Western Australia: 1,222 records). Burns were conducted predominantly in austral fall (February-May)
and spring (August-November), with some regional variation, as indicated in Fig. 2. The majority of ecological,
agricultural, and silvicultural burns occur in the spring.

The burn objectives are not available for records outside of Western Australia and Victoria. However, hazard-
ous fuel reduction is the most common purpose for RxB. Ecological management objectives are also prevalent,
especially to create or maintain patch mosaics of vegetation that aim to replicate Aboriginal firing patterns that
were forbidden and displaced under colonisation'*?-'%%. In the Northern Territory, RxB is commonly used for
hazardous fuel reduction in the tropical savanna biome, and is also a part of a carbon sequestration scheme on
predominantly Aboriginal territory!'°>!%. These projects also increase Aboriginal stewardship of the landscape,
support the economic independence and livelihoods of participating Aboriginal communities, and may serve as
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a potential template for post-colonial land management'*”1%. Aboriginal fire expertise is also preserved today
through Aboriginal fire management programs and companies, such as the FireSticks Alliance and Arnhem
Land Fire Abatement (Northern Territory) Limited'”1%.

Brazil. GlobalRx contains 9,873 burn records from Brazil spanning from 2015-2020. All records originate
from the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA)/National Center to
Prevent and Combat Forest Fires (PREVFOGO)''?, the Brazilian Ministry of the Environment’s administrative
arm which implements laws within federal protected areas and Indigenous territories. RxB is only legal within
these units (i.e. of Indigenous lands management under PREVFOGO, and in protected areas and sustainable use
reserves, managed by ICMBio) and no preventative burns are legal in the rest of the country’s territory. Records
were collected from 7 of the 26 states of Brazil and include burns conducted on public and Indigenous lands,
primarily in the fire-prone Cerrado (6,224 burns, 63%) and in the Mato Grosso seasonal forests (1,637 burns,
17%), which constitute the transition region between the Cerrado and the Amazon rainforest. An additional
1,896 burns (19%) come from the Guianan shield region in the northern state of Roraima, where there are active
participatory research and governmental efforts to implement an IFM system within the Indigenous territories
of Raposa Serra do Sol, Canaima National Park, North and South Rupununi to reform zero-fire policies and
recognise Indigenous fire knowledge!”!'!12, Many burn records listed multiple objectives, and among these
hazardous fuel reduction was a listed objective in the majority of burns (68%), primarily to reduce the risk of late
dry season fires, followed by silviculture and agroforestry. The majority of burns are conducted during the peak
rainy season between April and August (Fig. 3), except in Roraima, where burns are conducted predominantly
during the early dry season, between October and January'*?.

Canada. GlobalRx contains 557 burn records from Canada spanning 1983-2022. All records come from
Natural Resources Canada (130)''* and Parks Canada (427)"'>!1® and include burns conducted only on public
lands, namely national and regional parks and wildlife areas. We note that most RxB programs are managed on
a provincial or regional level in Canada; however, these data were not accessed, though these constitute the vast
majority of RxB that occurs in the country. These regional and provincial burns are conducted primarily for haz-
ardous fuel reduction”-!". A significant number of RxBs are also conducted for silviculture, but these data are
also not included in GlobalRx, as these are not recorded in government databases we accessed'?’. Burn objectives
were not available from the records; however, the majority of burns in the dataset were conducted in national
parks, where RxB is used for the ecological restoration of forests and grasslands, to enhance habitat for wildlife,
and reduce the risk of wildfire in adjacent communities'?!. Records cover every province except Yukon, though
the majority come from burns in the ecoregions near the Rocky Mountains. Burns are conducted primarily in the
spring (March-May), and to a lesser extent in the fall (August-October) (Fig. 4), as this confers the most benefits
for wildlife habitat and forage and also coincides with favourable weather conditions for burning (Fig. 4)!2%122,

France. GlobalRx contains records of 1448 burns in France spanning 1983-2016'%*. Records were obtained
through the National Research Institute for Agriculture, Food, and Environment and only include burns
conducted in the Pyrénées-Orientales, an administrative region in Southeast France that lies on the eastern,
Mediterranean side of the Pyrenees. The Pyrénées-Orientales hosts the oldest RxB team in France, whose for-
mation was spurred by catastrophic fires in 1976 and 1986°2. RxB in France is managed by local actors and
government agencies individually in each administrative division, with occasional support from civil protection
units of the French Army®. In the Pyrenees region RxBs are used mainly to achieve a combination of pastoral
management and hazardous fuel reduction. The Pyrénées-Orientales division accounts for an average of 25% of
the RxB area burnt in the country*>!?%, Burns in this region are conducted by the Pyrénées-Orientales burning
team from October to April, with the number of burns peaking in the month of February, as indicated in Fig. 5.

Germany. GlobalRx contains 3 burn records'?, all conducted in March 2019 in the Zschornoer Wald nature
reserve located in the state of Brandenburg. This nature reserve is located in the Central European mixed for-
ests ecoregion. Records were obtained from the German Federal Real Estate Administration through personal
communication. Separately, thousands of records of RxB in Germany, and their specific ecological context (e.g.
fire return intervals), burn plans and objective outcomes, are maintained by the Global Fire Monitoring Center
(GFMC)'*%127; The GFMC records may also prove a useful resource to researchers studying RxB, however they
could not be integrated into GlobalRx at present because they lack geolocation or timing data.

The use of RxB in Germany goes back to the 1970s'*. Over the last 30 years, experimental and manage-
ment RxB were conducted to preserve cultural landscapes such as meadow grasslands and heathlands through
the reduction of woody vegetation, predominantly in continental and coastal dune heathlands, and some for-
est plantations and peat bogs in Nordrhein-Westfalen®?, Baden-Wiirttemberg!?>'*°, Niedersachsen'"!3?, and
Schleswig-Holstein!**. Special RxB procedures were developed on terrain contaminated with Unexploded
Ordnance (UXO) with armoured equipment (military tanks converted to ignition and suppression tanks) in
Brandenburg State for disposal of UXO and regeneration of heath!'3*!3. Permission for RxB operations must
meet the requirements of the Federal Conservation Law and the relevant State laws regulating conservation,
forestry, wildfire safety, emissions control and waste disposal as well as local rules of protected areas. The sea-
sonality of RxB varies from winter months to minimise thermal effects to the soil biota. in viticulture areas of
Southwest Germany (January-February), early spring in heathlands in East Germany (February-March) and
summer in North Germany (post bird-breeding season starting mid-July onwards)'2%13,
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Burns were generally conducted to preserve cultural landscapes such as meadow grasslands and heathlands
through the reduction of woody vegetation. Burns were generally conducted in the winter to minimise any ther-
mal effects to the soil**'?. In the specific case of the 3 burn records, fires were implemented towards the end of
the legal burn window in Brandenburg, which ends April 1 (Fig. 6).

Italy. GlobalRx contains 135 burn records from Italy'*” spanning from 2005-2021. Data were requested from
the Italian Society of Silviculture and Forest Ecology (SISEF) to regional fire management agencies, and records
include burns conducted on public lands only. Burns were conducted primarily in Mediterranean coniferous
forests in regions west of the Apennine Mountains, predominantly in the regions of Tuscany and Campania.
RxB in Italy is managed individually by each region. Burns were conducted primarily for hazardous fuel reduc-
tion (81%), followed by a combination of fuel reduction and habitat conservation (15%) and fuel reduction and
grazing management (4%). An analysis of regional burn plans across Italy conducted by ref. (**) showed that
wildfire hazard reduction was the most common objective for RxB. Additionally, similar to other Mediterranean
European countries, RxB is used for multiple objectives'*’. For example, in Northern Italy, RxB is used alongside
grazing in collaboration with local shepherds for the conservation of heathland species'*®!4*14!, The majority of
burns were conducted from late winter through the spring (January-May), with the most burns occurring in the
month of March, and to a lesser extent in the autumn (October-November) (Fig. 7). The burn season is dictated
partially by fire weather'® as well as air quality restrictions, which restrict burning in the autumn (David Ascoli,
pers. comm.).

Japan. GlobalRx contains 407 burn records from Japan spanning 1979-2021'*2. Records were requested
through Hokkaido University through personal communication. All recorded burns were conducted within
the Temperate Broadleaf & Mixed Forests biome, within the Nihonkai and Taiheiyo evergreen and montane
deciduous forest ecoregions. The majority of recorded burns (283 records, 70%) were located in the Taiheiyo
evergreen forest ecoregion. While records appear to be predominantly located in forested ecoregions, the major-
ity of recorded burns were conducted in grasslands in the southwest of the country, in areas often dominated
by Miscanthus sinensis (Japanese pampas grass), M. sacchariflorus (Amur silver grass)'®®, or Phragmites australis
(common reed). Prescribed burning is uncommon in Japanese forests as they are not generally fire prone, and
the majority of preventative fire measures consist of preventing ignitions, preventative logging, and removal
of surface fuels'**. Burn objectives were not available through the original records; however, in these regions,
burning is carried out annually, often in the winter or spring (January - March) (Fig. 8), by local residents as a
part of a yearly ritual or tradition to prevent woody encroachment, conserve the grasslands, renew pastures, and
to prevent wildfires'>-11,

Mexico. GlobalRx contains records for 20 burns from Mexico spanning 2016-2021'"2, all requested from the
Comisién Nacional Forestal (CONAFOR), the federal agency that oversees fire suppression forces and also
helps develop and implements fire management policies across the country. The records are sparse but cover
16 of 32 states in three of the largest (out of eight) biomes present in the country, including Deserts & Xeric
Shrublands, Tropical & Subtropical Coniferous Forests, Tropical & Subtropical Dry Broadleaf Forests. Burn
objectives were not available through the original records; however, RxB in Mexico is commonly implemented
through Integrated Fire Management (IFM) programs that combine ecological, silvicultural, and fire risk reduc-
tion objectives with the agricultural and resource needs of local communities, often Indigenous or ejido com-
munities*!'>*. Many of these programs are based in biosphere reserves in the southern tropical and subtropical
regions such as Chiapas, Oaxaca, and Campeche', though traditional fire use and IFM programs are also prev-
alent throughout northern and central Mexico'**-'*. The majority of burns are conducted in the late autumn
between October and December, following the harvest season, and then in early spring, prior to the growing
season (Fig. 9). Note that the obtained records are extremely limited and do not reflect the prevalence of fire
management programs in the country (pers. comm., César Robles).

Portugal. GlobalRx contains 2,840 records of RxBs in Portugal spanning 2002-2022", estimated to account
for 75% of the total number of operations within the period. Records were obtained from the Instituto da
Conservagao da Natureza e das Florestas (ICNF), the agency through which RxB is managed and recorded
nationally’*®, and supplemented by the authors. The recorded burns cover 17 of the 18 districts in the coun-
try, but are concentrated in the northwest, which is dominated by maritime pine forests and shrublands. Burn
records for the years 2021 and 2022 include information about the burn objectives. RxB is conducted over-
whelmingly for hazardous fuel reduction in both natural and plantation forests and shrublands, with pasto-
ral, agricultural, and silvicultural burning comprising a far smaller proportion of burning compared to France
or Spain'?*. Most of the RxB activity is carried out in communal land co-managed by ICNF and occupied by
oceanic-influenced dry heathland typically dominated by Erica and Ulex species and Pterospartum tridentatum.
Recorded burns were conducted primarily between October and May, with the majority of burns occuring in the
early spring (February-April) (Fig. 10).

Russia.  GlobalRx contains 22,142 records of fires in Russia spanning 2008-2020" which are classified as RxB
by the authorities. Records were obtained from the Forest Fire Monitoring Information System of the Federal
Forestry Agency (ISDM-Rosleskhoz). Burn data in the ISDM-Rosleskhoz database was originally collected from
MODIS fire detections but has since evolved to include detections of active fires from the Himawari-8, Sentinel
2, Meteor, NPP, and NOAA-20 satellites. The collated data is then reviewed by forest fire service specialists, who
validate the data and provide comments on the fire type!¢*!6!. Burns are planned and at the Lesnichestvo level,
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the Russian territorial unit of forest management, and approved by the Rosleskhoz, the Federal Forestry Agency
of Russia, which controls and manages Russia’s forests, all of which are state-owned!¢>!%. GlobalRx is the subset
of the above data classified as RxBs.

Records are most prevalent in the southern border regions of the country, east of Baikal Lake. The records
represent mainly fuel reduction burns, which are conducted to prevent the spread of fires from agricultural
fields and fires applied around rural settlements into adjacent forests and unforested areas (pers. comm. Elena
Kukavskaya). Hence, some burns may also have a fire type classification of Agricultural. Agricultural burns are
conducted primarily in the spring (March-May), with the greatest number of burns conducted in March and
April, and to a lesser extent in autumn (October-November) (Fig. 11). Silvicultural burns (to clear logging slash)
and agricultural burns are not included in this data, though these practices are also prevalent!®*%>. The reported
RxB data include both controlled burns and traditional burning practices, including “wildfire use fires” (let
burn of unplanned wildland fires that meet land and fire management objectives). At present, controlled burns
cannot be disaggregated from “wildfire use fires” in the records from ISDM-Rosleskhoz. Decision protocols for
RxB application based on scientific evidence of the fire ecology of fire-adapted and fire-dependent forest and
non-forest ecosystems in Russia are not yet in common practice!**-1%. However, recommendations have been
made for the development of training programs for fire management specialists'”.

South Africa. GlobalRx contains records from 1,065 burns spanning 1979-2021, all requested from the South
African National Parks (SANParks) agency'’'~'7%. All records are from burns conducted in national parks. The
majority of burns (975 burns, 92%) were conducted in semi-arid savannas of the Kruger National Park (KNP),
where the first RxB experiments were conducted. Burn objectives were not available from the records; however,
burns within KNP are primarily conducted for ecological management and research'’, while burns in savan-
nas both within and adjacent to the park have been used to promote fire’s ecological role, provision of green
grazing, and also combat bush encroachment!”>-178, The remaining records are from burns in fynbos and renos-
terveld ecosystems within the Garden Route and Table Mountain National Parks. RxB within fynbos ecosystems
are conducted primarily for ecological conservation, especially that of fire-adapted species'”®-'%. The burns in
savannas were conducted primarily from austral autumn to early spring (April-November), with the most burns
conducted from May to September. Burns in the fynbos shrubland biome were conducted primarily in the
austral autumn (March-April) (Fig. 12). Records of RxB use in forestry for reducing wildfire hazard, which are
applied in industrial pine plantations, were not available!®!.

Spain.  GlobalRx contains 1,051 total records of prescribed burns in Spain spanning 1998-2021 and covering
four autonomous communities (administrative divisions): Catalonia'®?, Andalusia'®?, Galicia'®* and Asturias'®.
Records from Catalonia were available publicly through the Catalonian government website'®2. The remainder
of the records were obtained through personal communications with contacts in the regional administrations.
Nearly half of all burn records come from Catalonia. Burn objectives were not available in the obtained records.
However, prescriptions in northwestern Spain (Galicia and Asturias) are carried out for pastoral management
(i-e. pasture regeneration and maintenance), and to a lesser extent hazardous fuel reduction objectives**!. In
most of Spain prescribed burns are carried out by the Regional Administrations with technical support from
the Integral Wildfire Prevention Teams of the Spanish Forest Fire Service (EPRIF). EPRIF is a national program
that deploys teams of fire specialists into rural regions of high fire risk to work with local community members
to establish a burn program that suits the region’s needs while also minimising wildfire risk. Burns in Catalonia
are carried out by Grup de Recolzament d’Actuacions Forestals (GRAF) for hazardous fuel reduction in forests
and shrublands, and to a lesser extent for pastoral management*>!?%. Burns were conducted primarily from late
winter to spring (January to May), with the most number of burns carried out in March (Fig. 13). However, in
recent years, burns in Catalonia are increasingly conducted from September to November due to better results
in fuel management and biodiversity (pers. comm., Marc Castellnou).

Sweden. GlobalRx contains 134 records of fires in Sweden spanning 2015-2020'%¢, covering 2,667 Ha. All
records come from burns conducted as a part of the Life Taiga project, a 6-year long EU-funded conservation
project active from 2015-2020 to conduct burns in protected areas across Sweden'®’. Records are distributed
over the entire country, with the majority of burns occurring east of the Scandinavian Mountains, in temperate
conifer and boreal forests/taiga. While records do not contain burn objectives, the Life Taiga project’s objectives
are primarily ecological conservation and the protection of biodiversity'”!%8. Burns were primarily conducted
from late spring to the summer (May-August), with the majority of burns taking place in May and June (Fig. 14).
It should be noted that GlobalRx does not include burns conducted on commercial forest lands, which account
for more area burned than that occurring only on natural reserves. Ref. ('%) examined data from 2011-2015
and found that forestry companies were responsible for 85% of RxB covering 5280 Ha, nearly double that of Life
Taiga. However, these burns are not captured in GlobalRx.

Thailand. GlobalRx contains 174 records from Thailand, all from the year 2022'*°. All records were obtained
from the Department of National Parks, Wildlife and Plants Conservation (Forest Fire Control Division) in
the Thailand Ministry of Natural Resources and Environment through personal communication. All burns
were conducted in national parks located in the northeast of the country, in the provinces of Chiang Mai and
Lamphun, predominantly in the Central Indochina dry forests and Kayah-Karen montane rain forests. These
ecosystems consist primarily of Dipterocarp tree species. Burn objectives were not specified for any of the
records. However, these burns were conducted primarily to research fire behaviour. RxBs are also commonly
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conducted for agriculture and resource management by local communities'®}, silvicultural plantation manage-

ment'®?, and for research on nutrient cycling and emissions'?'**>!*4, All burns were conducted in January and
February (Fig. 15).

United Kingdom. GlobalRx contains 1,644 burn records spanning 1992-2020'%°. All records come from
Forestry England, the division of the Forest Commission responsible for managing publicly owned forests
in England. All recorded burns were conducted within New Forest National Park, which lies in the English
lowlands beech forests ecoregion. Burn objectives were not specified in any records. However, burns are com-
monly conducted for wildlife habitat management in the heathlands and mires of the park, particularly for
ground-nesting birds'*®!”’. Burning is also prominent in upland heathlands and moorlands for maintaining dif-
ferent successional stages of Calluna vulgaris (heather), which is used to support sheep grazing, maintain game
populations of red grouse and red deer, and reduce wildfire risk, primarily on private lands®>!*%%°, Heather
burning in the UK is subject to the Muirburn Code in Scotland and the Heather and Grass Burning Act in Wales
and England, which define the legal burning season generally from October or November through March or
April to protect wildlife during nesting season®®. This is reflected in the data, with burns beginning in November
and being conducted through April (Fig. 16).

United States. GlobalRx contains 42,326 records from the United States (US) spanning from 1979-2023.
Records were collated from federal databases, including the Monitoring Trends in Burn Severity (MTBS) data-
base?®!, the Fire and Tree Mortality (FTM) database®®?, and the Interagency Fuel Treatment Decision Support
System (IFTDSS)*®. 6,748 RxBs were conducted for hazardous fuel reduction, 79 RxBs were conducted for
research, and the remaining records do not specify a burn objective. The US covers a large variety of different
environments, with burns occurring in 78 ecoregions and 12 of the 13 Olson biomes (Fig. 17). Owing to this
diversity, the history of fire, RxB, and jurisdictional management varies greatly across the US, with notable dif-
ferences between the Southeast, the Central US, the West, and Alaska?™*.

We note that 85% of all RxBs in the US are managed and conducted at state or regional levels, and more
area is prescribed burned in the southeastern US (multiple times over) than the rest of the US combined?*42%,
Although it is known that significant RxB is performed outside of federal land in the US, georeferenced records
are not available publicly for these burns and hence they were not included in GlobalRx. Hence, GlobalRx
records for the USA are known to be spatially and ecologically skewed towards regions and biomes where the
most federal lands are, primarily in the western US.

Western USA.  43% (16,311) of records come from the Western US (defined as all RxB not falling within the
Great Plains and Southeast and Atlantic regions and encompassing all of Arizona, California, Idaho, Nevada,
Oregon, Utah, and Washington, and portions of Colorado, Montana, New Mexico, Texas, and Wyoming), span-
ning 1979-2023. Burns were conducted primarily in Temperate Conifer Forests (56%, 9,085). A significant por-
tion of RxBs in this biome (2,604, 29%) are conducted for hazardous fuel reduction and target ladder and surface
fuels, a common practice near the WUI*296207 particularly after 2003, when the Healthy Forests Restoration
Act (PL. 108-148) was passed, explicitly tying funding for RxBs to hazardous fuels reduction. 59 burns (1%) of
burns in this biome were conducted for research, and the remainder of burns had no burn objective specified.
However, burns are also commonly conducted for the ecological restoration of fire-adapted species, such as
the Giant Sequoia (Sequoiadendron giganteum)?%%?%, or entire fire-adapted communities, such as in wetlands,
particularly to restore wildlife habitat. Burns are typically conducted from the fall through the winter and into
early spring (September-May), in months outside of the typical wildfire season (June-August) (Fig. 18)*. Fall
prescribed burning in the western USA is primarily pile burning, while spring provides conditions that are more
favourable to conduct broadcast burns, but burn days are also limited due to both species protection laws and
interannual climatic variability*'°.

28% (4,495) of burns in the Western US occur in Deserts and Xeric Shrublands, predominantly in
pinyon-juniper (P-J) woodlands. 27% (1,215) of burns in this biome were conducted for hazardous fuel reduc-
tion, to combat increases in tree density that have been observed in this region in the past century®'’. In P-J
shrubland and grassland types, prescribed fire may also restore understory communities of shrubs, grasses, and
forbs by reducing tree competition?'?, and increase forage production on federal lands widely leased for grazing
cattle?™.

Central USA. 21% (8,940) of burns in the US occur in the Central US (defined as the regions in Texas, New
Mexico, Oklahoma, Missouri, Kansas, Colorado, Nebraska, Iowa, Illinois, Indiana, Wyoming, South Dakota,
North Dakota, Minnesota, Montana falling within the Temperate Grasslands, Savannas & Shrublands biome,
as well as all of Michigan, Wisconsin, and Minnesota) region. Here, grasslands have been the dominant vegeta-
tion for the last 5000-8000 years, with the prevalence of woody plants, particularly Ashe and Eastern redcedar
(Juniperus ashei, J. virginiana), being closely tied with anthropogenic fire?!*. However, the forcible displace-
ment of Plains Indians, fragmentation of the landscape for settlement and agriculture, and overgrazing from
the overstocking of domestic livestock, combined with federal fire suppression policies, the Dust Bowl, and
human-mediated dispersal and planting of juniper trees from the 1850s-1930s, led to widespread fire exclusion
that resulted in radical losses of grasslands?!>21°. In the 1990s, grassroots movements to address the degradation
of grasslands and the potential of RxB to restore them led to the formation of the first prescribed burning associ-
ations (PBAs). PBAs consist of groups of private landowners and other interested people who form partnerships
to pool their knowledge, equipment, and other resources to conduct RxBs?”.
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PBAs are now commonplace across the US, with over 100 across 18 states as of 2022, the majority of which are
concentrated in the Plains region®'®. PBAs help facilitate RxBs, particularly on private land, by providing train-
ing, resources, and even liability insurance for burns. In the Plains region, preventing juniper encroachment was
the most important objective, though burns were also commonly conducted for livestock production, wildlife
management, rangeland maintenance?"®. Burns in this region are conducted primarily in the dormant season,
in late spring or late fall when lightning ignitions are also less common (Fig. 19), for operational convenience?®.

Eastern USA.  38% (15,919) of records in the US come from the Southeastern US (defined as the regions in
Alabama, Arkansas, Delaware, Florida, Georgia, Indiana, Kentucky, Louisiana, Maryland, Mississippi, Missouri,
New Jersey, North Carolina, Ohio, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia falling
within the Temperate Broadleaf & Mixed Forests or Temperate Conifer Forests biomes), spanning 1984-2023,
in areas encompassed by the Atlantic Coastal Plain and southern portion of the Appalachian Highlands. This
region is predominantly of the Temperate Broadleaf & Mixed Forests or Temperate Conifer Forests biomes.
The majority of wildlands in the Southeast are privately owned, and RxB is widely administered by state and
local agencies in partnership with non-governmental organisations (e.g., The Nature Conservancy) and private
landowners). Additionally, state-level legislation across the region (such as the 1990 Prescribed Burning Act in
Florida) protects landowners’ right to conduct RxBs by mitigating concerns about liability, which is commonly
noted as a top barrier to conducting burns??**!.

The majority of Southeast burns (82%, 12,982 burns) were conducted in either Temperate Conifer or
Temperate Broadleaf and Mixed Forests. RxB is commonly used in conservation and wildlife habitat restoration
efforts in longleaf pine (Pinus palustris) or mixed longleaf pine/oak stands found in the South Atlantic coastal
areas, which include Georgia, Florida, and Alabama, the lowlands of Mississippi and Louisiana, and Texas. 6.2
million hectares of longleaf pine sites, located in “Significant Geographic Areas (SGA)” encompassing protected
areas, were burned from 2011-2021 by members of the Longleaf Partnership Council. Hazardous fuel reduction
is sometimes an objective of these burns??*??*. The majority of burns are conducted during plants’ dormant
phase, in the fall, winter, and spring (October-April) (Fig. 20), as weather conditions are milder, and it was
believed that burning during this period was less likely to impact nesting birds or growing trees®.

Alaska. 2% (833) of records in the US come from Alaska, spanning 2004-2020. The majority of recorded
burns were conducted in the Interior Alaska-Yukon ecoregions (84%, 702 burns), primarily in the lowland taiga
(505 burns), and to a lesser extent in the alpine tundra (197 burns), located between the Brooks Range in the
North and the Alaska Range in the south. South of the Alaska Range, burns were also conducted in the Cook
inlet taiga (42 burns), Alaska-St. Elias Range tundra (31 burns), and the Copper Plateau taiga (16 burns). 15%
(124) of records listed the burn objective, which were all hazardous fuel reduction. Despite Alaska’s size, there
are relatively fewer prescribed burns in the state because fire suppression has been relatively limited, and did not
facilitate the fuel build-up that drives hazardous fuel reduction across much of the contiguous US*. The burns
that do occur are typically conducted to create and maintain fuel breaks in “active suppression zones,” especially
in flammable spruce-dominated forests around Alaska native villages, where damage to life and property are
greatest’®??%, The remainder of the records did not specify the burn objective. However, prescribed fires have also
been used to manage moose and grouse habitat, as well as for tree regeneration following beetle kill**>??¢, Burns
were conducted primarily in fall and spring (Fig. 21), outside the period of higher wildfire activity.

Puerto Rico. 3 burn records were from Puerto Rico, from burns conducted in 2005 and 2007. All 3 burns
were conducted on the south coast of the island, in the Puerto Rican dry forests ecoregion, of the Subtropical
Broadleaf Dry Forest biome (Fig. 22). The region’s climate is characterized by the rain shadow of the Cordillera
Central mountains®?’. Fire activity is most common in the dry forest ecoregion during the dry season and is
exacerbated by exotic grasses, but few native woody species are capable of surviving even low-intensity fire. No
burn objectives were listed for these records; however, RxBs have been explored as a way to manage exotic grass
patches??.

Prescription window case studies. To verify that the ERA5 meteorological values we geolocated for each
burn are representative of the weather conditions under which the burns were conducted, we compiled a range
of published RxB weather guidelines from select regions and then examined the extent to which burns fall within
these prescription windows. We expect that if the ERA5 meteorological conditions are representative of the burn’s
actual weather conditions, then the majority of burns will have been conducted within or close to these pre-
scription windows, since published guidelines represent the optimal window and are sometimes legally required
conditions for burning.

We selected prescription windows within regions of Australia, the United States, Portugal, and Sweden,
described in Table 4. The majority of prescriptions are based on values of temperature (T), relative humidity
(RH), and wind speed (WS), as these variables are particularly influential on fire behaviour?”. However, sev-
eral fire weather indices, such as the MacArthur Forest Fire Index (FFDI) and various sub-components of the
Canadian Fire Weather Index such as the duff moisture code (DMC) are also used to set prescriptions. We
compare these prescription guidelines with values of daily maximum 2m temperature (Ty,,,), daily minimum
relative humidity (RH,,;,), daily maximum 10m or 2m wind speed (WS,,,,) (converted as appropriate depending
on the prescription), daily mean FFDI (FFDI,,,), drought moisture code (DMC,,.,,,), fine fuel moisture code
(FFMC,can)> and Keetch-Byram Drought Index (KBDI,,,,,) geolocated from the ERA5 dataset, using select var-
iables where they are used in the prescriptions.
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Fig. 23 1D and 2D histograms of RxB records from the South Brigalow Belt bioregion under prescription
guideline meteorological variables (2-metre wind speed, MacArthur Forest Fire Index (FFDI), and Keetch-
Byram Drought Index (KBDI)). 2D histograms indicate the distribution of burns falling under 2-metre wind
speed prescription and other meteorological variables’ prescriptions. Prescription guidelines for each variable
indicated by red lines and boxes in 1D and 2D histograms, respectively. Histograms set to 20 bins.

Prescription Region T (°C) | RH (%) WS (m/s) FFDI (unitless) | DMC (unitless) | KBDI (unitless) | FEMC (unitless) | Source
o <6.4* o
Australia, Brigalow Belt South | — — 2.1-5.0)* 0-13 — <120 (60-90) — ref.
Portugal, shrubland (8-20) | (20-70) | (1.4-4.2) — — — — ref. 232
Sweden, boreal forest — 32-48 0.7-4.8 — 28-60 — 80-90 refs. 237,238,248

Table 4. Burn prescription guidelines for select regions. Optimal ranges are included in parentheses. Bolded
values are used in Figs. 23-25. *10-metre wind speeds.

We selected regions based on a combination of the availability of published RxB weather guidelines and
whether sufficient burn records (>100 records) exist for each of these regions. Where possible, we sought
regions for which there existed burning prescriptions with high specificity to the vegetation in that region -
for example, prescriptions with at least ecoregion level vegetation specificity. This was done to ensure that the
chosen prescriptions were the most relevant and therefore the most likely to have been applied to the subsetted
records. We aimed to select regions representative of different ecosystem types, including forests, shrublands,
and grasslands, as well as burning prescriptions utilising a range of meteorological metrics. Table 4 shows a
summary of the regions chosen for analysis with their prescriptions.

For each region, we calculated the percentage of burns falling within each individual variable’s prescription,
as well as the percentages of burns falling within a combination of the variables’ prescriptions (e.g., percent of
burns within both T and WS prescriptions). Where possible, we compare values and trends with literature and
discuss possible reasons for any inconsistencies between the prescriptions and burns’ meteorological values. The
ranges of the meteorological values for each case study region is shown in Table 5.

In general, the majority of the burns’ ERA5 meteorological values fall within the prescription guidelines
in all of the selected regions except for Sweden, and decrease in overlap as the recommended burning season
ends. Of the regions analysed, the Brigalow Belt South had the highest proportion of burns (79%) falling within
acceptable prescription guidelines for all meteorological variables, followed by Portugal shrublands (70%), and
then Sweden boreal forest (14%). High overlap between the prescriptions and the burns’ meteorology support
the use of ERA5 meteorological values for capturing the general weather conditions on the date of the burns,
despite the relatively coarse resolution of the ERA5 data compared to the relatively local scale of the burns. For
regions where the overlap between prescriptions and burns’ meteorology is low, we recommend supplementing
the ERAS5 data provided in GlobalRx with regional meteorological datasets or observations. More detail on each
region can be found in the sections below. An additional case study for the Sierra Nevada region in California
can be found in the Supplementary Text S1.
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Prescription Region Tnax (°C) RH,,;, (%) WS, (m/s) FFDI (unitless) | DMC (unitless) | KBDI (unitless) | FFMC (unitless)
Australia, Brigalow Belt South | — — 1.4-8.7% (2.6-5.3)* | 0-222-10 — 0.1-1223-55 —

Portugal, shrubland 4-33(10-21) | 6-91(10-21) 0.7-7.1 (1-3) — — — —

Sweden, boreal forest — 19-78 (26 - 62) | 0.6-3.3 (1.1-2.3) — 0.3-88 (9- 49) — 41-92 (73-91)

Table 5. Range of RxB meteorological values for each case study region. 10" to 90" percentile ranges of
meteorological values shown in parentheses. *10-metre wind speeds.
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Fig. 24 1D and 2D histograms of RxB records from the northern Portugal shrublands under prescription
guideline meteorological variables (2-metre temperature, relative humidity, 2-metre wind speed). 2D
histograms indicate the distribution of burns falling under 2-metre temperature prescription and other
meteorological variables’ prescriptions. Prescription guidelines for each variable indicated by red lines and
boxes in 1D and 2D histograms, respectively. Histograms set to 20 bins.

Australia - Queensland, Brigalow Belt. The Brigalow Belt runs between the tropical rainforest of the
northern coast and northern New South Wales and comprises two Australian bioregions, the Brigalow Belt North
(BBN) and Brigalow Belt South (BBS). It is primarily composed of acacia-wooded grasslands, with Dichanthium
grasslands in the north and eucalyptus woodlands towards the south. The eucalypt forest and woodlands com-
prise the largest regional ecosystem within the bioregion®*. For our analysis, we focus on the Brigalow Belt South
as there were more data points than BBN.

Prescription ranges were taken from guidelines published by the Queensland Parks and Wildlife Service
(QPWS) Enhanced Fire Management Team for different ecosystems in the Brigalow Belt bioregion. The cho-
sen prescription guidelines are applicable to Eucalypt forest and woodlands for the objective of maintaining
healthy shrubby eucalypt forests and woodlands. The recommended season for burning is austral autumn to
early spring, and burning at different times of the year is also recommended to maximise species diversity. Fire
severity of these burns is generally low, but occasionally moderate severity will be used to control overabundant
trees*’. The prescription has specifications for only WS, FFDI, and KBDI. We included all burns conducted in
the Brigalow Belt South, as defined by the Interim Biogeographic Regionalisation for Australia (IBRA).

79% of all burns in this region fell within all the prescriptions. The percentage of burns falling into each
prescription parameter is shown in Fig. 23. Nearly all burns fall within the acceptable recommended KBDI
guidelines, with >99% of burns having values <120. Only 8% of burns fall within ideal reccommended KBDI
conditions between 60-90; however, the majority of burns are conducted at far lower KBDI values, with 84% of
burns conducted under a value of 50, corresponding to conditions where the soil and large class fuel moistures
are high and do not contribute much to fire intensity, typically during the spring dormant season following
winter precipitation®. This is consistent with the recommendation to conduct burns under wetter soil moisture
conditions to ensure the preservation of a range of ecosystem features, such as retaining a grass base and min-
imising the loss of habitat features and erosion**. Temporally, the highest proportion of burns falling outside
of WS and FFEDI prescriptions each month also occur close to or outside of the recommended burning season
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Fig. 25 1D and 2D histograms of RxB records in Sweden boreal forests under prescription guideline
meteorological variables (RH, 2-metre WS, DMC, and FFMC). 2D histograms indicate the distribution of burns
falling under RH prescription and other meteorological variables’ prescriptions. Prescription guidelines for each
variable indicated by red lines and boxes in 1D and 2D histograms, respectively. Histograms set to 20 bins.

(April to September), indicating that the ERA5 data to some extent captures the temporal variation in burn
weather conditions described in the guidelines.

Portugal, shrubland. Portugal is dominated by forest woodlands and shrublands in the north and evergreen
oak woodlands in the south. The majority of RxBs in Portugal are conducted in the shrublands in the north,
predominantly in for hazardous fuel reduction, as this vegetation tends to be more flammable!?*?3!. Our analysis
focuses on the shrublands in the north, as the majority of data fall into this region.

Prescription ranges were taken from the general guidelines for RxB in shrublands in Portugal, published
in the Handbook to Plan and Use Prescribed Burning in Europe?®. The prescription guidelines are applica-
ble to a range of shrubland vegetation types, including atlantic, sub-atlantic and Mediterranean shrublands,
as well as areas co-dominant with Kermes oak (Quercus coccifera)?*?. We included all burns conducted above
a latitude of 40°N in order to select for burns in shrublands. We did not select for burns using the Pettinari and
Chuvieco land cover, biome, or ecoregion, as these classifications did not accurately capture shrubland extent as
described in the RxB literature'?*. WS, values were multiplied by a factor of 0.67 to convert from 10m to 2m
in shrublands®®.

70% of all burns in this region fell within all the prescriptions and overall, there is a high degree of overlap
between the burn weather conditions and the prescription ranges, and burns concentrated in the center-most
ranges of all meteorological prescriptions (shown in Fig. 24). T,,,, and WS,,, values match RxB distributions
extracted from field forms described in ref. 2*4. The distribution of RH,;, values from ERA5 are skewed to lower
values compared to the prescription distributions in ref. >4, but daily mean RH values in GlobalRx are consist-
ent with these distributions. Burns fell outside of the prescription range most frequently due WS, conditions
below the prescription recommendation (8% of burns) and above T;,, conditions (14%). The first finding is also
consistent with ref. 24, which identified a similar proportion of burns falling out of prescription due to low WS.
Our analysis identifies a higher proportion of burns falling out of prescription due to high T. This may be due
to the later period covered in GlobalRx (2005-2023) compared to ref. 2*4; 1979-2011), as Portugal has under-
gone warming in recent decades®>?%, though further analysis would be needed to confirm this attribution.
Nonetheless, the ERA5 values are generally consistent with the patterns from measurements in ref. 2%,

Sweden, boreal forest. Sweden is dominated by boreal forest and taiga, and to a lesser extent temperate
broadleaf mixed forests. Forests targeted in prescribed burns are typically dominated by Scots pine (Pinus sylves-
tris), Norway spruce (Picea abies), and aspen (Populus tremuloides), with the objective of restoring and conserving
fire-dependent tree, bird, and insect species. This is sometimes achieved by inducing spruce mortality to open the
canopy and favour either broadleaves or pines'®’.

Prescription ranges were calculated by taking the average of different ranges found in presentations and
reports produced within the Life Taiga Project®’-". The primary objective for these prescription guidelines is
conservation and restoration, primarily through changing the forest composition towards a more broadleaf- or
pine-dominated structure by inducing spruce mortality. Burns are generally of low intensity, but higher intensity
burns may be used to create bare soil for broadleaf restoration'®”. We included all burns conducted in Sweden
for our analysis, as all records originate from the Life Taiga project. WS values were multiplied by 0.33 to adjust
from 10m to 2m wind speed in relatively open forest stands®*!.

Only 14% of all burns fell within all the prescriptions for this region, with 46%, 99%, 45%, and 58% of burns
falling within the RH, WS, DMC, and FEMC prescriptions, respectively (shown in Figure 25). Only WS, val-
ues overlap significantly with WS prescription, and are similar to WS measurements made during RxBs in refs.
238-240 between 0.4-4 m/s. 28% and 25% of all the burns fall below the RH and above the FFMC prescriptions,
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respectively, corresponding to conditions drier than the prescription ranges, and 26% and 17% burns fall above
the RH and below the FEMC prescriptions, respectively, corresponding to conditions wetter than the prescriptions
ranges.

It is possible that the inconsistency between the ERA5 data and the prescription range is because the chosen
prescriptions were not generalizable to all burns. It is also possible that the actual meteorological conditions
under which the burns were conducted are not accurately captured by the ERA5 data. For example, there is some
evidence that ERA5 2-metre temperature is overestimated in Scandinavian regions, particularly Sweden?#. This
could partially explain the burns falling below the RH prescription (and subsequently above DMC and FFMC
prescriptions). Similarly, precipitation in this region has been shown to be overestimated®*®, providing a possible
explanation for burns falling above DMC and FEMC prescriptions. Regardless, we acknowledge that further
scrutiny of the ERA5 meteorology in Sweden, perhaps with more regional data or measurements, is needed
to confirm whether it is representative of burning conditions, and we recommend the ERA5 data provided in
GlobalRx be used with these considerations in mind.

Usage Notes

We encourage the use of GlobalRx for further research on RxB use and trends, with consideration to its limita-
tions in spatial coverage and meteorological accuracy. For regional analyses that require a high level of accuracy
or resolution of meteorological conditions, we recommend supplementing the ERA5 data provided in GlobalRx
with regional meteorological datasets or observations.

It should also be noted that some records within GlobalRx, especially those that were filtered from public fire
records, may contain errors propagated from the original records. For example, a very small fraction (<0.1%)
of records marked as prescribed fires contain large burned areas (e.g., records labelled as controlled burns in
Australia with burned areas in excess of 100,000 ha), and it is possible that either the fire type or the burned
area was mislabeled in the original record. We have retained these records within the dataset because choosing
an appropriate threshold for removing records would involve making arbitrary choices that are challenging to
validate. Nonetheless, we advise users to carefully inspect and consider filtering these records as required for
their specific application.

We emphasise that GlobalRx is also only a subset of all burns conducted with governmental notice or
approval. Where data are not nationally monitored and centralised, data reporting can vary significantly, thus
affecting the overall data coverage. Additionally, prescribed burns are often planned, managed, and monitored
at a regional or sub-regional scale, and thus many burns are only recorded at this scale. While GlobalRx con-
tains regional records from several countries, our data acquisition was also limited by access to and labour
intensity of scraping individual regional and sub-regional databases. While GlobalRx is by no means a complete
global record of prescribed fires, it is the most comprehensive global record to our knowledge. In this regard, we
seek additional data for future versions of GlobalRx and welcome contributions from any additional providers,
especially from underrepresented regions. We also note that GlobalRx does not include information about the
success of burns with respect to objectives set out in burn plans because no underlying dataset provided such
information. However, we welcome records of this kind and they will be incorporated if they become available
in future. Please get in touch with the corresponding author if you are interested in contributing data.

We have defined RxB to be a form of controlled burning that is conducted under published regional, state,
federal governmental, or other institutional approval and prescription standards which are defined in terms of
scientific metrics, such as meteorological quantities and fire weather indices. All data in GlobalRx were acquired
through contacts who have either governmental, educational, or other institutional affiliations. Thus, GlobalRx
only includes burns for which there exists an institutional record. As such, GlobalRx does not include other
forms of controlled fire use, which may apply prescriptions based on any combination of experiential, gener-
ational, Indigenous or traditional ecological knowledge, and scientific knowledge?***** but for which no doc-
umented institutional records exist. Lastly, we acknowledge that the extent of records in GlobalRx may not
necessarily reflect the prevalence of fire management programs or RxB in a country or region, due to the limita-
tions described above as well as limited access to existing data and databases.

Code availability

All code used to add global layers to GlobalRx (meteorology, ecological features) and produce all figures are
archived in our Zenodo repository (https://zenodo.org/records/13379463). Code used to preprocess global layers,
as well as preprocessed global layer datafiles, are also included, where relevant.
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