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Abstract

Background: The Monitoring Trends in Burn Severity (MTBS) program has been providing the fire science community with
large fire perimeter and burn severity data for the past 14 years. As of October 2019, 22 969 fires have been mapped by the
MTBS program and are available on the MTBS website (https//www.mitbs.gov). These data have been widely used by
researchers to examine a variety of fire and climate science topics. However, MTBS has undergone significant changes to its
fire mapping methodology, the remotely sensed imagery used to map fires, and the subsequent fire occurrence, burned
boundary, and severity databases. To gather a better understanding of these changes and the potential impacts that they
may have on the user community, we examined the changes to the MTBS burn mapping protocols and whether remapped
burned area boundary and severity products differ significantly from the original MTBS products.

Results: As MTBS data have been used over the course of many years and for many disparate applications, users should be
aware that the MTBS burned area and severity products have been actively reviewed and revised to benefit from more
robust satellite image availability and to address any observed quality issues. In a sample of 123 remapped fires, we found no
significant change in the burned area boundary products when compared to the original mapped fires; however, significant
changes did exist in the distribution of unburned, low, and moderate burn severity pixels within the thematic product.

Conclusions: Analysis of these remapped fires provides a look into how the MTBS fire mapping methods have evolved over
time. In the future, additional changes to the MTBS data record may impact data users’ downstream applications. The MTBS
program has an established continuous improvement approach to the MTBS methodology and products, and subsequently
encourages users to confirm that they are using the most recent data.
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Resumen

Antecedentes: E| programa de Monitoreo de Tendencias de Severidad de Fuego (MTBS) ha venido proveyendo a
la comunidad de investigadores en fuegos con datos de perimetros y severidad de incendios en los Ultimos 14
anos. Hasta octubre de 2019, 22.969 incendios han sido mapeados por el programa MTBS y estén disponibles en
el sitio web (https://www.mtbs.gov). Estos datos han sido ampliamente usados por investigadores para examinar
una variedad de topicos cientfficos en fuego y clima. Sin embargo, MTBS ha experimentado cambios significativos en su
metodologia de mapeo de fuegos, en las imagenes de sensores remotos usadas para mapear fuegos, y subsecuentemente
en la ocurrencia, perimetros y bases de datos sobre severidad de fuegos. Para lograr un mejor entendimiento de esos
cambios y el impacto potencial que podrian tener en la comunidad de usuarios, examinamos los cambios en los protocolos

de mapeo del MTBS v si el el re- mapeo de los productos, como el limite del rea quemada y su severidad, difieren
significativamente de los mapeados con los productos MTBS originales.

Resultados: Como los datos de MTBS han sido usados por muchos afios para muy diferentes aplicaciones, los usuarios
deben estar alertas de que los productos MTBS para determinar drea y severidad han sido revisados y re examinados
activamente para beneficiarse de la disponibilidad de imagenes satelitales mas robustas y para abordar cualquier cuestion
relacionada con su calidad. En un ejemplo de 123 incendios re-mapeados, encontramos que no habia cambios significativos
cuando se comparaban con los mapas originales; desde luego, hubo cambios en la distribucion de pixeles de dreas no
quemadas, y de dreas quemadas a baja y mediana severidad dentro del producto tematico.

Conclusiones: El andlisis de estos incendios re-mapeados proveyeron de un pantallazo sobre cémo los métodos de re
mapeo han evolucionado en el tiempo. En el futuro, cambios adicionales a los datos de registros de MTBS pueden impactar
en la aplicacion y uso posterior de estos datos. El programa MTBS tiene un enfoque de mejoramiento continuo de su
metodologia y productos, y subsecuentemente induce a los usuarios a confirmar de que estan usando los datos mas

recientes.
Abbreviations
CBL Composite Burn Index
CONUS: CONterminous US
ETD: Event Tracking Database
ETM+: Landsat Enhanced Thematic Mapper Plus
FOD: Fire Occurrence Database
FPA: Fire Program Analysis
IRWIN:  Integrated Reporting of Wild-fire

INformation

MSL: Sentinel 2 MultiSpectral Instrument
MTBS: Monitoring Trends in Burn Severity
TM: Landsat Thematic Mapper
Introduction

The Monitoring Trends in Burn Severity (MTBS) pro-
gram was established in 2006, with a mission to re-
motely assess the location, extent, burned area
boundaries, and burn severity (see Fig. 1 for an example)
of large fires using Landsat imagery on all lands across
the conterminous United States (CONUS), and Alaska,
Hawaii, and Puerto Rico, USA, for the period from 1984
to present (Eidenshink et al. 2007). This includes all fires
2405 hectares in the western United States, Alaska, and
Hawaii. In addition, the program maps and assesses fires
2202 hectares in the eastern United States and Puerto
Rico.

The MTBS program originally defined burn severity as
visible alteration of vegetation, dead biomass, and soil
that occurs within a fire perimeter (Eidenshink et al.
2007). These changes can be assessed on the ground
(e.g, via the Composite Burn Index, CBI) and subse-
quently related to remotely sensed (e.g, via the differ-
enced Normalized Burn Ratio, dNBR) estimates of burn
severity (Eidenshink et al. 2007; see Fig. 1 for an example
comparison between CBI and dNBR). CBI assesses dam-
age to vegetated and dead biomass using a continuous
index with values ranging from 0.0 to 3.0, while dNBR
has been used to assess the changes in reflection in vege-
tated and nonvegetated surfaces resulting from fire (Key
and Benson 2006). The dANBR metric is a measure of the
difference between a pre- and post-fire NBR image, with
typical values ranging between -2000 and 2000. Initial
regression relationships between CBI and dNBR in-
formed the MTBS program (Eidenshink et al. 2007), and
subsequent investigations suggest that dNBR or a
variant (e.g, Relativized dNBR [RANBR] or Relativ-
ized Burn Ratio) can be used as a viable estimate of
burn severity within some ecosystems in the United
States ( Zhu et al. 2006; Picotte and Robertson 2011b;
Cansler and McKenzie 2012; Parks et al. 2019).

Data produced by MTBS, including burn perimeters
and severity products (https://www.mtbs.gov), have be-
come increasingly critical in fire-related research in the
United States. For example, MTBS data have been used
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Fig. 1 Monitoring Trends in Burn Severity (MTBS) burn severity assessment image and Composite Burn Severity (CBI) plot locations for the 11
December 2017, Legion Lake Fire (near Custer, South Dakota, USA). Associated CBI plot photos, CBI values, and differenced Normalized Burn Ratio
(dNBR) values are provided to visually illustrate on the ground CBI versus remotely assessed dNBR values of burn severity

in assessing trends in burned area extent (Finco et al.
2012; Dennison et al. 2014; Zhao et al. 2015; Picotte
et al. 2016), burn severity (Zhao et al. 2015; Picotte et al.
2016), wildfire emissions (Urbanski et al. 2011; French
et al. 2014), wildfire exposure and risk (Radeloff et al.
2018), and the effects of fuel reduction (Meigs et al.
2016). Although the MTBS mapping protocols outlined
in Eidenshink et al. (2007) are largely still applied, some
of the protocols have changed. Most importantly, the
Landsat image archive becoming publicly and freely
available in 2008 removed a major cost constraint, enab-
ling the MTBS program to expand its scope and map
many more fires.

Protocol evolution

Fire Occurrence Database

Current and historical fire records were initially com-
piled from Federal fire reporting databases, including the
Incident Command System database and available state
fire reporting databases, as part of the original data re-
quest for the MTBS Fire Occurrence Database (FOD).
Inclusion of prescribed fires as part of the scope of
MTBS resulted in a large availability of fire occurrence
data that included both wildland fire and prescribed fire
incident types. Because of the volume of fires, the lack of
availability of prescribed fire records for all states, and
the need for consistency in the MTBS data record, the

decision was made in 2014 to no longer consider state-
prescribed fire records for assessment. This decision im-
pacted the mapping of fires in Florida, USA, which
accounted for approximately 20% of mapped fires before
2013 and 9% afterwards (https://mtbs.gov/viewer/index.
html, accessed 5 August 2019).

Other major changes that occurred in 2014 included
the transition of fire occurrence tracking and mapping
information into a relational database management sys-
tem (MTBS internally used Event Tracking Database,
ETD) and the change to a more automated system for
compiling fire occurrence records. The large number of
fire records assessed and mapped by MTBS resulted in
the need for the development of an expanded ETD to
also track mapping parameters, metadata, and all
mapped fire occurrence information. Fire identifications
(IDs) based on the new system were generated for
current and historical fire records and were inserted into
the ETD. Each fire record is uniquely established to in-
tuitively identify the US state where the fire is located,
the specific geographic location of the fire origin, and
the date of fire ignition. Fire information (i.e., fire name,
geographic coordinates for the location of ignition, size,
ignition date, containment date, etc.) and input data,
output products, processing and analysis parameters,
and other metadata information collected for each
mapped fire were uploaded into the ETD.
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During the same timeframe as the ETD develop-
ment, Short (2014) developed the Fire Program
Analysis (FPA) FOD that included federal and non-
federal fires from 1992 to 2011, which was subse-
quently expanded to include 2012 and 2013 (Short
2015). The FPA FOD was subsequently replaced by
the Integrated Reporting of Wild-Fire Information
(IRWIN;  (https://www.forestsandrangelands.gov/WFIT/
applications/IRWIN/background.shtml, accessed 5 August
2019) tool to collect and report fire event data with a
unique identification for both federal and non-federal
data. IRWIN was designed to ingest data from mul-
tiple, disparate fire reporting systems of record with
automated capabilities to eliminate redundant records.
Consequently, MTBS adopted IRWIN in 2014 as its
primary source of fire records for ingest into the
ETD. Once ingested into the ETD, each IRWIN rec-
ord receives its own unique MTBS fire ID and is tar-
geted for assessment and potential mapping by the
MTBS program.

Landsat image considerations

The long history of the Landsat 30 m products (1984 to
present), including the Thematic Mapper (TM), Enhanced
Thematic Mapper Plus (ETM+), and Operational Land
Imager, provided the MTBS program with a continuous
source of data. Throughout the lifetime of the MTBS pro-
gram, the Normalized Burn Ratio (NBR; Garcia and
Caselles 1991; Key and Benson 2006) index, calculated
with the near-infrared and shortwave-infrared Landsat
bands, has been used because of its sensitivity to identify
spectral variation in burn severity. During the first year of
the MTBS program, the dNBR was the only remotely
sensed change detection product that was produced. To
create the thematic burn severity product from dNBR,
MTBS analysts visually interpreted the burn severity
thresholds and compared these thresholds to outputs
from techniques developed by Key and Benson (2006) that
were originally developed and applied within Glacier Na-
tional Park (Montana, USA) and further validated within
CONUS and Alaska (Zhu et al. 2006). The thresholding
process is therefore largely subjective, but see Fig. 1 for an
example of an MTBS thematic image compared to
ground-validated CBI plots and dNBR values. The MTBS
program extended this methodology for use in biophysical
settings throughout the United States.

The MTBS program continued to solely use dNBR for
mapping burn severity until the development of the Rel-
ativized dNBR by Miller and Thode (2007). The two in-
dices are fundamentally different: dNBR is an estimate
of the absolute magnitude of change to vegetation and
soil strata, whereas RANBR, a variant of dNBR, estimates
relative magnitude of change and potentially removes
any bias of pre-fire vegetation conditions (Miller et al.
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2009). Using RANBR, for example, a stand-replacing fire
in sparse shrub is rated as severely as one in dense forest
(Miller and Thode 2007). Previous studies suggest that
RANBR has a stronger correlation with ground-collected
metrics of burn severity (Eidenshink et al. 2007), espe-
cially forested settings and areas of high burn severity in
relatively lower vegetation density settings. Beginning in
2007, the MTBS program began incorporating the
standard RANBR thresholds determined by Miller and
Thode (2007) into the MTBS mapping workflow in
order to provide a starting point for analysts to define
burn severity thresholds (see Fig. 1 for an example of
thematic burn severity classification).

At the inception of MTBS, it was anticipated that burn
severity assessments would utilize imagery acquired at
the peak-of-green during the growing season following a
fire (ie, an extended assessment). The intent of an
extended assessment is to allow for delayed effects (mor-
tality, survival, and recovery) to manifest on the land-
scape (Key 2005). Rapid regrowth of burned vegetation,
however, made the exclusive use of extended assess-
ments problematic in the southwestern and southeastern
United States, and herbaceous areas throughout the
CONUS. In the Southwest, fire effects that were easily
observed in immediate post-fire imagery for low eleva-
tion fires (e.g, for the 26 May 2005 Duzak Fire in south-
ern Nevada, USA) but disappeared by the next growing
season because of rapidly regenerating herbaceous and
shrub vegetation. This resulted in large areas that were
characterized as “unburned to low” severity in an ex-
tended assessment, so an “initial assessment” became the
preferred assessment strategy within areas of vegetation
that rapidly regenerate.

Most fires in the Southeast occur in the late winter
and early spring months and burned areas can green up
within two to three months due to rapid regeneration of
understory vegetation. Additionally, some areas in the
Southeast exhibit low relief and poor drainage (e.g,, wet-
lands), resulting in changing hydrologic conditions over
the course of a year and between years (dry versus satu-
rated soils). These areas frequently burn every two to
four years and typically have relatively persistent cloud
cover, which made the requirement for phenologically
matching scene pairs difficult (Picotte and Robertson
2011a). After receiving critical feedback from Southeast
resource managers and field assessments by MTBS staff,
the MTBS assessment and mapping protocol for the
Southeast was also modified to preferentially use an ini-
tial assessment within two months of fire start. Extended
assessments are only performed if no suitable post-fire
imagery is available. If no suitable pre-fire image is avail-
able, particularly in areas with inter-annual variability in
hydrologic conditions, then a single-scene assessment is
made using the post-fire imagery alone.
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Special accommodations to the mapping protocol
were also necessary to assess some fires in Alaska.
The Landsat scene acquisition footprints overlap sig-
nificantly in higher latitudes (Bindschadler 2003),
which allows an area to be imaged two to three times
in the nominal 16-day Landsat orbit cycle. However,
persistent cloud cover can negate this advantage and
many fires were not imaged for an entire year. Also,
there were substantial periods of time (years) when
no Landsat data were acquired due to ground station
problems (Goward et al. 2006). The availability of
quality and comprehensive Landsat data was further
impacted by the lost capacity of the Landsat TM to
temporarily store collected imagery on board and the
preferences of ground stations in Canada and Alaska
to acquire Landsat ETM+ over TM. If MTBS had
strictly adhered to the one-year post-fire scene acqui-
sition, many Alaska fires would not have been
assessed by the program. In these cases, post-fire
Landsat imagery acquired more than one year after
the fire with no other significant land cover distur-
bances were used. Vegetation recovery in boreal for-
ests can be slower than in forests at more southern
latitudes (White et al. 2017; eg, Alaska versus
CONUS), which alleviates the need for rapid post-fire
image acquisition.

Costs for imagery acquisition also had an important
impact on the MTBS program. Before 2008, when the
Landsat image archive became publicly and freely avail-
able, MTBS had to purchase Landsat imagery, which
generally limited the project to two Landsat images per
year for most Worldwide Reference System-2 (WRS-2)
Path/Rows, unless additional scenes were acquired previ-
ously by federal partners in the Multi-Resolution Land
Cover (MRLC) consortium. This cost-related restriction
limited the ability of analysts to select the best available
image for each fire assessment, resulting in potential
burned area boundary and burn severity product errors
as well as unmappable fires. In 2008, the Landsat archive
was opened for free distribution of data (Wulder et al.
2012), which allowed for the reassessment of previously
image-limited and unmappable fires. The MTBS recently
completed revisiting 5012 fire records that were declared
unmappable in the first few years of the program and
was able to map 2248 of these fires. Meanwhile, the pro-
gram revisited the largest fires that had been mapped
spanning the period from 1984 to 2007 to determine if the
best available imagery was used. Fires ranging from 2000
to 20 000 hectares were evaluated for their prescribed as-
sessment strategy, errors in area burned, consistency in
dNBR offsets (average dANBR value of unburned areas out-
side the burned area), applied burn severity thresholds,
availability of quality pre- and post-fire imagery, and the
phenological compatibility of selected imagery. When
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issues were identified for one or more of these evaluation
criteria, fires were remapped using imagery previously not
available because of costs and program budget constraints.
Additionally, over 6000 occurrence records for relatively
smaller fires were declared unmappable in the first few
years of the MTBS program due to limits on imagery pro-
curement. The MTBS program is currently revisiting
these fires to determine if suitable imagery is now avail-
able to support their assessment, and mapping and will
continue to revisit smaller fires from 1984 to 2008 as time
and funding allow.

MTBS data caveats and limitations

The purpose of the MTBS burned area mapping product
is to provide an estimate of the area that may have been
affected by fire. This liberal approach to mapping
burned areas leads to the potential for incorrect inclu-
sion of unburned areas (i.e, errors of commission). In-
deed, at the onset of the MTBS program, Kolden and
Weisberg (2007) identified potential problems with com-
mission error (mean commission error = 18%) when
using Landsat data to map burned area boundaries in
Nevada. Picotte and Robertson (2010) found similar
commission errors in the southeastern United States
(mean commission error = 15%). Incorrect exclusion of
pixels (i.e., omission error) is also possible and was esti-
mated to range between 0% and 45% by Kolden and
Weisberg (2007). Errors in estimating burned area from
Landsat data can result from the amount of time be-
tween when the area burned and image acquisition
(Picotte and Robertson 2010; Picotte and Robertson
2011a), terrain complexity (Kolden and Weisberg 2007),
and vegetation composition (Vanderhoof et al. 2017). Al-
though MTBS attempts to obtain the best available pre-
and post-fire Landsat images for burned area mapping,
commission errors in the burned area extent can be
problematic as a result of inherent problems with Land-
sat data quality and availability, and because MTBS does
not remove unburned islands from within the burned
area boundary (Eidenshink et al. 2007). MTBS product
commission errors have been estimated to be 46.4% in
the US Pacific Northwest (Meddens et al. 2016) and to
range between 4.3% to 15.5% in the northern US Great
Basin (Sparks et al. 2015). Burned area extent commis-
sion error could be mitigated by removing unburned
areas as identified in the MTBS thematic burn severity
product (Kolden et al. 2015), although this could result
in the incorrect removal of low severity pixels, resulting
in omission error.

Kolden et al. (2015) also identified three potential
problems with the MTBS thematic burn severity produc-
tion: the dANBR offset (phenology difference) is not
applied in producing thematic severity data, burn thresh-
olds are variable and subjectively determined, and burn
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severity thresholds are not tied to a quantifiable eco-
logical measure (i.e., field validated). The dNBR offset,
the mean value of unburned pixels near the fire bound-
ary that occur within the same vegetation type (i.e., ever-
green forests) as most-burned pixels, is currently
calculated for each fire mapped by MTBS and is con-
tained within the metadata for each MTBS fire. This off-
set could be applied (i.e, subtracted) from every dNBR
image and from the burn severity thresholds to remove
the phenological differences to potentially create more
universally comparable burn severity estimates across
time. Deriving dNBR offsets can be a subjective process.
Consequently, applying the dNBR offset does not actu-
ally change the classified burn severity image. Offsets
also do not mitigate the subjectivity of the burn severity
thresholds but may correct the thresholds to make them
potentially comparable between fires. Comparisons be-
tween analyst-selected thresholds and an automated
Otsu (Otsu 1979) spectral thresholding procedure for 18
497 MTBS fires mapped between 1984 and 2014 suggest
that the low, moderate, and high severity class break-
points could be highly variable, although low severity
breakpoints were similar (Picotte 2019). The MTBS pro-
gram applies measures to ensure consistency among an-
alysts in determining burn severity thresholds. Burn
severity thresholds are consistently reviewed before re-
lease and analysts examine both classified vegetation
products and high-resolution imagery to examine where
low, moderate, and high burn severity breakpoints are
occurring. There is also currently an effort to visually re-
view all fires to ensure that visually determined burn se-
verity thresholds occur with appropriate vegetation (e.g,
no high severity in grasslands) and are near dNBR
ranges suggested by Key and Benson (2006). None of
these remote sensing efforts directly measure the eco-
logical effects of burn severity, primarily because
spatially and temporally comprehensive field data are
not available for most fires throughout the MTBS
data record. However, recent work does suggest that
MTBS severity classifications can be associated with
tree mortality (Meigs et al. 2011) or vegetation re-
growth after fires (Johnston et al. 2019). Additionally,
the program plans to leverage the increasing availabil-
ity of CBI data (see Picotte et al. 2019 for dataset) to
better calibrate remotely sensed MTBS burn severity
estimates to ground conditions (see Fig. 1 for example
CBI and dNBR values stratified by thematic classifica-
tion). Regression relationships between CBI and dNBR
and NBR could be developed to allow for automatic
conversion of MTBS dNBR and NBR products to CBI
estimates of burn severity. A similar approach using
Random Forests (Pal 2005) to convert dNBR and
NBR to CBI has already been developed by Parks
et al. (2019).
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Examination of changes to MTBS data

The MTBS program reviewed all fires that were
>2023 hectares (n = 6588). Of these reviewed fires,
794 were identified as potentially having imagery or
mapping errors. A total of 123 fires subsequently
were remapped because of potential issues (Fig. 2), in-
cluding detectable errors in burned area boundary de-
lineation, over- or underestimation of incorrect burn
severity classes due to selected thresholds, pheno-
logical mismatch of selected pre- and post-fire im-
agery, image quality for one or both images, and
excess unburned area within the burned area bound-
ary. Errors were grouped into two remap categories:
(1) image change: the actual burned area boundary
did not change, but the underlying Landsat imagery
of the mapped fire was changed because of pre- and
post-fire image pairing, burn severity class thresholds,
or image quality; and (2) burned area boundary: the
burned area boundary was altered, although the
underlying imagery may also have changed because of
an incorrect burned area boundary, excess burned
area was delineated, or altered burn severity class
thresholds.

Overall metrics that calculated the number of re-
mapped fires were examined by both fire year and state.
Each original and remapped fire was separately exam-
ined for significant changes within the burned area and
the number of pixels in unburned, low, moderate, and
high burn severity categories. Because the distribution of
each of the burned area boundary and pixel counts per
burn severity classification was nonparametric, Wilcoxon
signed-rank tests (Wilcoxon 1945) were used to test for
differences between the datasets. To determine whether
differences were both numeric and spatial, the amount
of spatial overlap (i.e, percentage overlap) between
burned area boundary and categorized thresholded
pixels was also calculated.

Results from the fire analysis illustrated that fires were
more likely to be remapped because of burned area
boundary changes rather than image changes (Fig. 3a.).
Most fires (69%) were remapped after 1996 (midway in
remapped fire history; Fig. 3b). Compared to the overall
average of five fires remapped per year between 1984
and 2003, the average number of fires remapped in-
creased to eight fires per year between 2004 and 2007.
Overall, there was a slight positive trend (R* = 0.30) in
the number of remapped fires increasing over time.

When examining geographic trends in fire revision
number, it was evident that most revised fires were in the
western CONUS (Fig. 3c). California, Montana, Idaho,
Oregon, New Mexico, and Nevada had at least ten fires re-
mapped and accounted for 59% of all remapped fires.
Only three fires within the eastern CONUS were re-
mapped, and these were within Louisiana and Florida.
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Fig. 2 Example of the visual difference (indicated by an arrow) for (A) the original versus (B) the remapped 11 July 1988 Clover Mist Fire
in Yellowstone National Park, USA, mapped by the Monitoring Trends in Burn Severity (MTBS) program

Overall, although many burned area boundaries were
changed (Fig. 3a), there was not a significant difference
in burned area between the original and remapped fires
(Table 1). The number of burn severity pixels for each
burn severity threshold class, however, did vary signifi-
cantly (Table 1). There was a large degree of spatial
overlap between original and remapped high severity
pixels. All other burn severity classes exhibited lower
values of percent overlap, although all were above 50%.

Discussion

During the past 14 years, the MTBS program has
mapped burned area boundaries and burn severity for
22 960 fires across the United States. Changes to the
MTBS mapping procedures and in Landsat data

availability have resulted in potentially disparate
burned area boundaries and severity products. MTBS
data users should be aware that changes implemented
by the program can be significant, especially on a per
fire basis.

Burned area boundary and burn severity change

Following the increases in fire occurrence and burned
area across much of the CONUS (see Dennison et al.
2014 and Picotte et al. 2016 for fire occurrence and
area trends), the number of reported fires and burned
area mapped by MTBS has increased over time (Finco
et al. 2012). The slight increase in the number of fires
remapped by MTBS also likely mirrors these trends.
A smaller potential influence on the increased
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FL: Florida
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Revised fires (n)

number of fires that were remapped is the Landsat
ETM+ scan line corrector failure in 2003 (Storey
et al. 2005), after which the average number of fires
remapped notably increased. Landsat ETM+ with scan
line issues would have been used preferentially to TM
images if a greater number of fires could be mapped
with the ETM+ imagery or if the TM image was

largely cloud contaminated. Using ETM+ data would
have resulted in data gaps within some mapped
burned area boundaries. Once Landsat images were
made freely available in 2008, a subsequent review of
the fire mappings resulted in the remapping of fires
using Landsat TM imagery to reduce the amount of
per-fire data gaps.
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Table 1 Difference in burned area (hectares) and number (n) of classified unburned, low, moderate, and high burn severity pixels
for the original versus the revised Monitoring Trends in Burn Severity (MTBS) program'’s burned area and burn severity products. The
percentage of overlapping area or classified burn severity pixels (Mean overlap %), difference in area or number of pixels (Median
difference), and the Wilcoxon signed rank test P-value indicates whether there was a significant difference between the original
versus revised MTBS area or burn severity products. Standard deviation (SD) was also calculated for mean overlap and median

difference

Difference between original versus revised MTBS program output

Mean overlap % (SD) Median difference (SD) P-value
Burned area (hectares) 93 (19) 0 (2 554) 0.969
Unburned severity pixels (n) 69 (21) -1608 (22 709) <0.001
Low severity pixels (n) 54 (24) 5848 (10 369) <0.001
Moderate severity pixels (n) 57 (23) 2 (8 224) 0.045
High severity pixels (n) 82 (22) —275 (11 898) <0.001

Geographically, it was expected that the number of
fires remapped was weighted toward the western United
States, given that area burned is generally greater in the
western versus the eastern US (Hoover and Hanson
2019). Additionally, there are fewer fires 2023 hectares
in the eastern United States. However, given that more
than 35% of the fires in the MTBS archive are eastern
US fires, it is surprising that only three would be re-
mapped. This paucity of eastern US remapped fires
could have resulted from the decreased availability of
quality Landsat imagery during certain parts of the year
and because of the rapid regeneration of vegetation in
the eastern United States (Picotte and Robertson 2011a),
resulting in the use of NBR imagery preferentially to
dNBR.

The majority of MTBS fires that were remapped re-
sulted in a change in the burned area boundary. Al-
though there was a change in area, these current
revisions of MTBS burned area boundary data have not
significantly impacted the area of most revised fires. This
is good, given that previous research has been under-
taken that examines burned area trends using MTBS
data (Finco et al. 2012; Dennison et al. 2014; Zhao et al.
2015; Picotte et al. 2016). Time series trend analyses
using Mann-Kendall and Spearman’s rho tests (e.g, as
used in Dennison et al. 2014; Picotte et al. 2016) are sen-
sitive to sample size and data distribution (Yue et al.
2002). A relatively small number of large changes in
assessed burned area could therefore result in disappear-
ance of some trends in burned area, especially if the
burned area sample size was small. It is possible that
studies that examine a small number of MTBS mapped
burned area boundaries (e.g, Sparks et al. 2015) could be
impacted if the fires that were remapped were signifi-
cantly altered.

Most fires for which there was a burned area boundary
change also underwent imagery changes. Unlike burned
area boundary changes, the number of pixels by thresh-
old class within the remapped MTBS thresholded burn

product is significantly different from original mappings.
These burn severity changes could alter the results of
studies using classified severity product (e.g., Meigs et al.
2011; Finco et al. 2012; Zhao et al. 2015), especially if in-
dividual fires under examination were remapped (e.g,
Pierce et al. 2012). Even studies that did not use the clas-
sified severity product (e.g,, Picotte et al. 2016), but used
the continuous dNBR, NBR, or RANBR products, could
be affected. These potential problems are somewhat
tempered by the fact that over 50% of severity pixels per
class for the remapped fires still overlapped the same se-
verity classes in the original imagery, and the high sever-
ity class exhibited 80% overlap. This suggests that, even
though different Landsat scenes were used for the re-
mapped fires, new scenes were not always significantly
different in terms of MTBS classified estimates of burn
severity.

MTBS program future plans

The MTBS program will continue to integrate new
Landsat datasets as they become available (e.g, Landsat 9
mission). Additionally, as new sensors become available
(e.g, Sentinel 1 and 2), the MTBS will use these new data
sources if they are spectrally similar and have as good or
better resolution. The overall idea is to continuously im-
prove the quality and integrity of MTBS data products
while reducing frequency of unmappable fires.

Beginning with the 2018 fire year, the MTBS program
began to adapt and use Sentinel 2 Multispectral Instru-
ment (MSI) imagery, developed and provided by the
European Space Agency. Sentinel MSI data are available
from two Sentinel 2 platforms (Sentinel 2A and Sentinel
2B) and have the potential to complement the use of
Landsat data in the MTBS program because of Sentinel
MSI’s near- and mid-infrared band similarity, compar-
able spatial resolution, and a much shorter revisit time
due to the concurrent availability of MSI sensors on two
platforms and a larger swath compared to Landsat
(Wang et al. 2017). Previous studies have found Sentinel
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MSI to be a reasonable sensor for mapping burned area
boundaries (Filipponi 2019; Roteta et al. 2019) and burn
severity (Lasaponara et al. 2018). Because of the differ-
ences in Landsat and Sentinel resolution and spectral
bands, some technical adaptations are needed to inte-
grate both sensors (Wang et al. 2017) in order to calcu-
late reasonably consistent pre- and post-fire NBR and,
subsequently, ANBR and RANBR. Once this integration
has been completed, MTBS analysts will use Landsat, or
Sentinel 2 data as needed, to map burned area boundar-
ies and burn severity. Pairing the use of Sentinel 2 im-
agery with Landsat (i.e, mapping fires with Sentinel-
only, Landsat-only, or Sentinel and Landsat together)
will significantly increase the observation frequency of
burned areas and result in a higher availability of quality
imagery and better phenologically matched image pairs
for fire mapping.

During the lifetime of the MTBS program, MTBS
analysts have selectively mapped additional fires at
the request of federal partners with their financial
support. For example, MTBS has routinely conducted
initial assessments of burn severity for prescribed fires
on National Park Service units throughout the
CONUS. Additionally, MTBS has partnered with the
US Fish and Wildlife Service to map burned area
boundaries for fires on selected refuges. Fire geospa-
tial products produced through these partnerships
may not include the full suite of MTBS fire products
for each fire, follow best practices for pre- and post-
fire image pairing, or meet MTBS’s burned area size
criteria. Consequently, these products are not cur-
rently distributed to the public. However, in the fu-
ture, MTBS plans to distribute these additional fire
geospatial data as a courtesy to the user community
through a new web-based data distribution system in
fall 2020. These data will be provided distinctly separ-
ate from MTBS data and users should be aware of
what is provided with these data and their limitations
and understand that they are not considered to be of-
ficial MTBS data records.

Conclusions

This paper endeavors to inform users about changes to
the MTBS fire mapping protocols and data sources used.
The MTBS dataset is dynamic and will improve as
problems are identified or new data become available.
Users should also be aware of continuing updates to
MTBS products in the MTBS archive; currently there
are 22 969 mapped fires available, and users should al-
ways download the most recent individual fire data-
sets or mosaics to ensure that they are using the
most up-to-date burned area boundary products. Al-
though not examined in this study, there will be an
additional 1000 or more previously found or
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previously unmappable (due to lack of image avail-
ability at the beginning of the MTBS program) fires
added to the MTBS archive. We envision that the
MTBS data archive will continue to increase in
utilization because of these changes.
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