HEHHHR R R R R R R

Anonymous Referee #1
Received and published: 21 June 2020

General

The reference datasets for validating global burned area products provide a valuable resource to
the fire mapping community. As the authors note, collecting reference data to validate burned
area products is an expensive and time consuming proposition. Having available a vetted set of
reference sample sites for map producers to readily access will greatly enhance the quantity and
quality of information available to assess and compare accuracy of burned area products. The
global extent of these datasets will facilitate regional comparisons as well, as users of the data
will be able to extract data specific to their study area. One of the fundamental challenges of
mapping of any theme, burned area or otherwise, is the immense difficulty of obtaining reference
data. The burned area reference dataset (BARD) presented by the authors is a significant advance
to diminish this difficulty.

We sincerely appreciate this review and thank the positive comments about the contribution of
this manuscript to the field.

Specific Comments

1. The authors astutely identify the role of sampling in the collection of these burned area
reference datasets (Line 63). It would be useful to add some explanation distinguishing between
reference data collected by a formal sampling design, often called probability sampling designs,
and reference data collected by convenience, ease of access, or other method that does not
necessarily have randomization. Reference data collected by a randomized sampling design are
suitable to support rigorous statistical statements about accuracy, whereas data collected by
convenience can be suspect in this regard (i.e., data may not be representative of the entire area
of interest). The implications of how the reference data were obtained should be noted. The
manuscript clearly indicates that the Boschetti et al. (2019) and Padilla et al. (2014:2015)
reference datasets were obtained from locations selected by stratified random sampling. For some
of the other datasets, this is less clear. It would be useful for the authors to check each dataset and
be sure that it is indicated whether the dataset had an underlying randomized sampling design.
This is indeed a very useful add in to the description. We have extended section 2.1 to better
explain these aspects. We have revised the detailed description of each dataset and have included
which sampling method was used. Please, also note that the sampling design used in each dataset
has been summarized in table 2.

2. Related to the previous comment, the manuscript identifies that several of the datasets included
were selected by stratified sampling designs, and these designs had intensified sampling in high
burned area strata. According to the original articles associated with these datasets, rather complex
estimation formulas have to be applied to such data (i.e., the less complicated formulas of simple
random sampling are not appropriate when the sampling was stratified with different sampling
intensities in the strata). It would therefore seem necessary that users of these reference datasets
be cautioned about the need to use proper estimation formulas if users are to correctly report
accuracy from these stratified sample datasets. This would also create the need to include in the
datasets the information required to apply these estimation formulas, for example stratum sizes,
the stratum ID of each sampled unit, and perhaps additional information depending on the specific
details of the particular dataset.

Thank you for this observation. We have added the required data to use the validation datasets
obtained through SRS to make probabilistic estimations of accuracy. The stratum ID of each
sampled unit and the total area of the TSAs from which reference data was obtained have been
added to the .csv files provided in the metadata folder. In addition, a table with the stratum sizes
for each reference dataset is also provided in section 5 (Appendix A: Supplementary tables).



Technical Corrections and Suggestions

Throughout, readability would be enhanced by using paragraph indents at the start of each
paragraph.

Preprint manuscript was prepared according to the journal template, post-editing will be applied
to the final version.

L23: insert “a” to revise to “requires a high level”
Done.

L26, L29: Given that the acronym BARD was defined at Line 26, replace “The Database” with
“BARD”
Done.

L40: “sensors” should be “sensor”
Done.

L41: revise to “reference data that are based on” [“data” is plural so “data that are”]
Done.

L46: “products” instead of “product efforts”
Done.

L63, L79, L105, L106, L159, L161, L164, L198, L205, L207, L209: Throughout the manuscript,
the words “file” and “files” are sometimes used to the refer to the actual reference data. For
example, at L63, the “files” were not derived from pairs of images, but rather the “reference data”
that are stored in the files have been produced from the pairs of images. The text should be revised
to replace “files” with “reference data” unless the text is referring to the actual files that store the
reference data.

Thank you for this observation, we have revised the document and changed it as suggested.

L64: Replace “without probabilistic meaning” by “that were not selected using a probability
sampling design”. It is not clear what “direct sampling” is. Is direct sampling convenience,
purposeful, or other sampling without randomization?

We have modified the sentence to ‘Early validation exercises were subjected to a first stage
validation, usually based on small samples of reference sites that were not selected using a
probability sampling design, but rather by a purposeful or convenience selection based on data
availability or expert knowledge to ensure diverse wildfire conditions were included in the
sample’.

For all examples at Lines 65-70, it appears that there was a rationale for why sites were selected
(even if they were not selected by a randomized protocol). It would be useful to mention what
purposeful selection criteria were used. The Roy and Boschetti example mentions sites selected
to be spatially distributed across the landscape, so this is an example where the manuscript
provides useful additional information regarding the purposeful selection criteria.

Validation sites selection in Chuvieco et al. (2008) was based on Landsat and CBERS images
donated by regional space agencies, when Landsat archive wasn’t free open to the public. We
have mentioned it in the corresponding paragraph.

L70-71: If Boschetti et al. (2019) collected data for only a single year, does that qualify as a “full
spatio-temporal validation”? It would be helpful to define what a “full validation” is in regard to
time and space.

We have removed the expression ‘full spatio-temporal validation’ to avoid confusion and changed
the sentence to ‘A recent study has provided a validation of the MCD64A1 product implementing



a probability sampling design and using Landsat-8 Operational Land Imager (OLI) images, but
only for a single year (Boschetti et al., 2019)’.

L88: insert “design” after “random sampling” to create “stratified random sampling design”
Done.

L89: Consider revising to: “Boschetti et al. (2016) extended the sampling design to include the
temporal dimension of the sampling units.”
Done.

L90: insert “the” between “allocate sample” and delete “a” from “example a stratified”
Done.

L91: insert “the” before “sample”
Done.

L94: replace “are” by “is” because “dimension” is a singular noun
Done.

L99: delete “a”
Done.

L106: Consider revising to: “The procedures implemented to obtain those burn patches are
diverse, depending...”
Done, text has been modified as suggested.

L109-110: Consider revising to: “Parts of the scene that cannot be observed or interpreted because
of clouds or sensor problems (i.e., Scan Line ...”
Done, text has been modified as suggested.

L115: replace “such” by “each” and replace “like” by “such as”
Done.

L153: Are n=127 and n=131 the number of TSAs sampled? It is not clear what these numbers
represent.

The numbers refer to the number of images interpreted from each sensor, 127 images from
Landsat-5 and 131 from Landsat-7. We have changed the sentence to clarify this point. Please,
note that numbers have been modified because we initially included some reference data that
shouldn’t be included in this dataset.

‘A total of 210 images from Landsat-5 TM (n=101) and Landsat-7 ETM+ (n=109) satellite
sensors were used to retrieve BA perimeters’.

L170: delete “to each sample unit” because this threshold is applied to all TSAs. That is, all TSAs
are assigned to strata as part of the sample selection process. It is not just the sampled units that
are assigned to strata.

Thank you for pointing that out, we’ve changed the text according to your observation.

L172: given that “proportional allocation” for stratified sampling is defined as the sample size in
each stratum being proportional to the number of units in the entire study region belonging to that
stratum, replace “applying a proportional allocation” by “applying a sample allocation”.

Done.

L182: replace “in” with “of” and replace “days” with “day”
Done.



L185: It is not clear how the actual time period covered by these “long units” is defined.

The long sampling units are defined by multiple consecutive pairs of images (short sampling
units, separated by 16 days or less) covering at least 100 days. We have clarified the concept of
short and long units in section 2.2.

L186: Consider revising to: “Reference maps using long units concatenate consecutive

8-16 day maps (Fig. 5).”

This line has been removed as long unit reference data generation methodology is now explained
in section 2.2.

L.188: The 50 units are for fire CCI Africa compared to 100 units per year for FireCCl

global?

The authors used different sampling intensities for Africa and global. The 50 (long) units for
FireCCl Africa implied an effort in the generation of reference data similar to that for the 12 years
of FireCCl global. In the former case, 1052 pairs of images were processed, and on the latter case
1200.

L189: replace “consists on” with “consists of”” and replace “perimeters” by “perimeter”
Done.

L190: replace “units” by “unit” (2 cases) and “days” by “day”
Done.

L198: remove “A” before “systematic sampling”
Done.

L201: replace “the whole” with “all” and replace “was” with “were”
Done.

L203: “consecutively” should be “sequentially”
Done.

L209: “joined” should be “joint” and “by” should be “between”
BrFLAS dataset has been removed from BARD (please, see SC6 response).

L213: delete “the” before “77%”
BrFLAS dataset has been removed from BARD (please, see SC6 response).

L219: replace “scar samples” by “scars sampled”
BrFLAS dataset has been removed from BARD (please, see SC6 response).

L223: “days” should be “day”
BrFLAS dataset has been removed from BARD (please, see SC6 response).

L224: “pair” should be “pairs”
BrFLAS dataset has been removed from BARD (please, see SC6 response)

L228-229: Continue to use the same phrasing as at L180 and L207 to identify the stage of the
reference dataset. The sentence structure at L180 and L207 is much easier to read.
BrFLAS dataset has been removed from BARD (please, see SC6 response).

L231-232: replace “generated to perform the validation of the BAECV” with
“generate to validate the BAECV”



As we have renamed BAECYV dataset to CONUS Landsat Burned Area, the sentence “generated
to perform the validation of the BAECV” has been replaced by “generate to validate the Landsat
Burned Area product”.

L.232: Move the text “Landsat Burned Area Essential Climate Variable” to before the first use of
BAECYV at Line 231.

As we have renamed BAECV dataset to CONUS Landsat Burned Area, the sentence has been
changed to: ‘The Landsat Burned Area reference dataset (Vanderhoof et al., 2017;2020) extends
across the contiguous United States (CONUS) and was generate to validate the Landsat Burned
Area product (Hawbaker et al., 2017;2020)’.

L238: delete “A” before “systematic”
Done.

L239: the three values of n sum to 335 images not 336
Thank you, the error has been corrected.

L.243: replace “...only two (pre and post-fire image...” by “...only two images (pre and post-fire)
Done.
L266-267: Continue to use the same phrasing as at L180 and L207 to identify the stage of the

reference dataset.
Done.

L272: “wildfires” should be “wildfire”
Done.

L279: “were” should be “was”
Done.

L283: “postfire” should be “post-fire”
Done.

L284: “formers” should be “former”
Done.

L290-291: Continue to use the same phrasing as at L180 and L207 to identify the stage

of the reference dataset.

Done.

L306: Consider changing “futures updates come to replace the lack...” with “future updates
remedy the lack...”

Done, text has been modified as suggested.
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General Comments

This manuscript describes the availability of a new dataset comprising a compilation of reference
burned area data, which can be used for the validation of burned area products. The short



description paper outlines the methods used to standardise a number of different datasets into a
common format, and a more detailed description on each one. It also gives an overview of why
validation is necessary but not always readily available, which provides useful context.

Validation of burned area products is definitely lacking in the field, and this is a welcome
contribution to the research area. | think it will be useful for many researchers working on fire
and burned area. The methods are well-referenced, and are mostly clearly described, with the
exception of a few points as outlined below. The data is readily available via the link provided in
the text, and can be accessed immediately after completing a short form. The data appears
complete.

We would like to thank you for your positive comments about the contribution of the present
work.

Specific comments

Section 2.1 Selection of validation sites: This section comes across as a literature review of
different methods, and I’'m not sure what is actually being implemented in this paper from reading
this section. Can you clarify in the paragraph (e.g. does each dataset use a different method?)
This point was also indicated by the anonymous referee # 1 in his/her specific comment (point 1).
We have added an explanation in section 2.1 clarifying this aspect. Please note that table 2 of the
reviewed manuscript summarizes the sampling method applied in each dataset.

At the end of the Introduction, the overview of the paper is a bit vague. | think this would benefit
from a clearer outline of the structure, and a list of the datasets that are considered in this paper
to give a better overview up front.

Thank you, we have mentioned at the end of the introduction the datasets included in BARD and
clarify the project where they have been produced and the contents of the manuscript.

Line 220 — only data in June to October is considered for this dataset. This covers the main fire
season in this region, but how are the fires outside of the fire season dealt with?

BrFLAS dataset has been removed from the database since it does not follow CEOS cal-val
standards. Please, see short comment 6 and response.

Presumably the temporal length of the reference files is such that it covers multi-day burning. It
is worth pointing this out in the text explicitly.

Reference data include all the fire perimeters occurred between the two dates of the Landsat
images used to generate them. This is a standard practice in BA validation. We have added a
comment at the end of the section 2.2. and modified figure 5 to clarify this point.

It would be useful to include some text describing how one might use all these different reference
datasets in practise. Should they all be used together, and if so how should the range be accounted
for?

Thank you for this relevant question. This question is also related to specific comments (point 2)
from the anonymous referee # 1, general comments of referee # 3 and SC3 (point4). Datasets are
not supposed to be used together, as they have been obtained from different methods, rather users
can choose the datasets that best suits their needs. As suggested by referee # 1, we have added the
data necessary to make probability estimates of accuracy for those datasets obtained through
stratified random sampling (Tables in Appendix A of the reviewed manuscript).

How were these datasets selected? Are there any other datasets available that are not included
here, or are these the only ones available? | suggest including some explanation of this in the text.
Yes, there are other datasets that have been produced by other authors (e.g. Boschetti et al.
2016;2019). We made a general announcement through the GOFC-GOLD Fire implementation
team list of scientists working on BA products and to our network of fire scientist. The resulting



database includes files those that the authors were willing to share publicly and met the CEOS
cal-val standards.

Are all the datasets related to FireCCI? It seems so from the description of the data via the link,
but not in the paper.

Only the datasets with the ‘FireCCI” word in its name were produced under the FireCCI project,
the rest of the datasets come from others projects. We mention this in the introduction: ‘These
validation files were compiled from different international projects and years...”. In addition, we
have added the project name of each dataset in Table 2.

Most modellers use NetCDF, if it would be nice if this format was considered for future
releases.

Thank you, we will keep in mind your suggestion for future releases. We don’t usually use the
NetCDF format for the reference files, but users interested in such format can easily do the
conversion from .shp to .nc with the open tool ‘ncl convert2nc’ that can be downloaded from
‘https://www.ncl.ucar.edu/Document/Tools/ncl_convert2nc.shtml’.

Technical corrections

References to figures (“Fig.”) throughout the text is sometimes with a space and sometimes
without

Thank you, we’ve added a space in those where it was missing.

Line 49 — change to “acquired in the year 2000”
Done.

Line 182 - “consists of”
Done.
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General Comments

This manuscript describes a first attempt at compiling a common database of burned area
reference perimeters (“BARD”) suitable for validating remotely sensed burned area data sets.
While the goal of producing the BARD is laudable, | feel the result falls somewhat short in that
the authors provide no guidance in how this dataset should be used in practice. While reprojected
and vectorized into a common format, the six underlying validation data sets were not generated
in an entirely consistent manner and vary significantly in terms of sampling strategy and minimum
mapping unit and various other important respects. As a result, | feel it is essential for the authors
to advise users how the database as a whole should be used. For example, should some or all of
the individual data sets be merged, or should they always be used separately? If the latter, then
any validation of a global data set will yield six different sets of validation results. How should
these results be interpreted, especially for the individual data sets that overlap in space and time,
such as FireCCI Africa and FireCCl Africa S2? Furthermore, the authors state that “The Burned
Area Reference Database will be expanded with new reference files that are being produced in
the FireCCI project and we encourage future contributions from the scientific community”, but it
is not clear how this plan can scale practically as the number of data sets grows.

We have now included some reflections and information (Tables A1-A4) on practical uses of the
database. For further details, the reader is also referred to the articles where each dataset was first
published. We consider this as a collection of BA reference datasets, not as a single one.



Therefore, is up to the user to select certain regions or periods to produce his-her accuracy
estimates. The uncertainty of accuracy estimates should contextualize the discrepancies between
validation results from several datasets (and same product and overlaps in time and space). Slight
discrepancies are expected as any single dataset is observing a sample of reference data instead
of the whole population. We have now provided additional data to compute those accuracy
metrics, but this database can be used in several different ways by potential users. Some, for
instance, may use certain datasets for training their algorithm and some others for validation.
Obviously, we do not aim to convert the BARD in a standard validation source, but just to provide
useful data for BA algorithm developers and modellers.

Specific Comments

L41: “they require generating global reference data that is based on higher-resolution sensors”
Although I agree with this statement, it overlooks studies such as Roteta et al. (2019) who used
30-m Landsat images to validate a 20-m Sentinel-2 burned area product.

The Roteta et al. paper performed a stratified random selection of Landsat images for generating
the reference perimeters to compare accuracy metrics of S-2 and MODIS BA products. A previous
validation based on a systematic sample of S-2 MSI images gave similar results, so only the last
validation was included in the paper. It is certainly more convenient to use higher resolution
images for validation, but in this case it was decided to use the same validation dataset to make
comparisons between coarse and medium resolution sensor products more fair. In addition, a
statistically design sample based on high-resolution images (Planet) is very complex and costly,
and when using them for BA validation have been done in a very qualitative way (Roy, D.P.,
Huang, H., Boschetti, L., Giglio, L., Yan, L., Zhang, H.H., & Li, Z. (2019). Landsat-8 and
Sentinel-2 burned area mapping - A combined sensor multi-temporal change detection approach.
Remote Sensing of Environment, 231, 111254.)

L59: Giglio et al. (2018) give a release date of mid 2008 for the NASA MCD45A1 product.
We have corrected the date.

L68: “The MCD64A1 Collection 5 was not formally validated” Giglio et al. (2009) performed an
“accuracy assessment for three geographically diverse regions (central Siberia, the western United
States, and southern Africa)” using 50 Landsat scenes. Is this not validation?

Giglio et al. (2009) selected three different areas to represent different ecological conditions to
evaluate their algorithm and no probability design was applied. The authors provided only the
producer’s accuracy for the scenes previously selected but didn’t report global accuracy estimates
of the product.

L85/Section 2.1: The authors note the importance of sampling design and describe various
important components of this process, but not all of the BARD data sets seem to have adopted the
strategies described in this section. It would be helpful to note any deviations within BARD from
the sampling strategy described here. The authors might perhaps also provide a brief summary of
the CEOS-LPVS validation stages to help readers interpret the stage numbers mentioned later for
the individual data sets (in Table 2, for example) in the context of sampling.

Section 2.1 aims to provide a general overview of the sampling design methodologies developed
for burned area validation. The particular sampling design adopted for each dataset is specified in
the correspondent description of the datasets in section 2.4 and summarized in table 2.

Thank you for the suggestion, we have provided a description of the CEOS-LPVS validation
stages.

L158: “The FireCCI global 2008 dataset includes 129 reference data files” This number differs
slightly from Padilla et al. (2014), who refer to “102 sampled pairs”. Presumably additional scenes
were added to that data set. This is worth mentioning since it would alert readers that the
summaries and/or statistics provided in Padilla et al. (2014) do not necessarily apply to the
FireCCI global (2008) distributed in BARD.



The sampled units of such dataset comprises 105 units and the correct reference for this dataset
is Padilla et al. (2014, 2015), the rest of the reference files (24) shouldn’t be included in the
dataset. The dataset has been updated including only these 105 reference files, and the dataset
description has been updated accordingly.

L195/Section 2.4.4: The 2016 FireCCl Africa S2 data set is not mentioned in either of the
references cited in this section. Please add the correct reference or clarify that the data set has not
been previously published.
This dataset was used to perform and initial validation of the FireCCISFD11 product but has not
been published. We have indicated this situation in Table 2 where we provide the related
publication of each dataset.

L208/Section 2.4.5: Rodrigues et al. (2019) mention a minimum mapping unit of 21ha. Does this
threshold also apply to the BrFLAS Brazil data distributed in the BARD?

No, no minimum mapping unit was applied to the BrFLAS Brazil. In any case, this dataset has
been removed from the BARD since it does not follow CEOS cal-val standards. Please see short
comment 6 and response.

L230/Section 2.4.6: Hawbaker et al. (2020) include the following remark about the BAECV
validation data set: “Because no independent reference data were available for burned areas in
agricultural cover types, the Landsat-based BAMS reference dataset did not train on agricultural
fires and consequently cannot be considered accurate for this cover type.” Have the unreliable
reference polygons belonging to this category been flagged or removed from BARD? If not, some
guidance to users about how they should identify and handle such cases would be appropriate.
The CONUS Landsat Burned Area (previously named BAECV) reference dataset classifies
agriculture cover types as burned/unburned. The comment in Hawbaker et al. (2020) was made
to acknowledge that because we lacked ancillary datasets in agriculture areas, the reference
dataset burn classifications were not explicitly trained using agricultural burned polygons, and
therefore, the reference dataset may be less accurate in this cover type. As 19 of the 28 TSAs
contain at least some agricultural area it does not make sense to remove these shapefiles, however,
in response to this comment we have added a sentence in the description of this dataset of the
reviewed manuscript:

‘...The low-, medium- and high-intensity development classes (i.e. urban areas) were masked
using the National Land Cover Database (NLCD, https://www.mrlc.gov/national-land-cover-
database-nlcd-2016) (Homer et al., 2015) to reduce spectral confusion between burned areas
and impervious surfaces. Similarly, agricultural burns were not used to train the reference data
burn classification, therefore the accuracy of the reference dataset in agricultural areas is
unknown. If this is of concern to users, then users can mask the “cultivated crops” land cover type
from the reference data using the NLCD’.

L.242: “The pre- and post-fire image pairs did not specifically represent a probability sample
within a year but were designed to target changes incurred over the peak fire season.” Given this
targeting of the peak fire season, is it appropriate to use this dataset for assessing out of season
commission errors?

According to FireCCI51, the main peak fire season for CONUS goes from July to September-
October. 80.36% of reference files from CONUS Landsat Burned Area dataset include months
out of the fire season. Thus, we consider that this dataset is appropriate to assess Ce out of fire
season.

L268/Section 2.4.7: Given that the NOFFi-OBAM mapping service “is activated after large
wildfires events and under explicit requests by the local forest offices”, is it appropriate to use
this data set for assessing commission errors? Please explain and include appropriate caveats if
necessary.


https://www.mrlc.gov/national-land-cover-database-nlcd-2016)
https://www.mrlc.gov/national-land-cover-database-nlcd-2016)
https://outlook.office.com/mail/inbox/id/AAQkAGYwOWEwMzlhLWJlNjAtNGMyYS1iYWJiLTM1MzcwMzczMWRlMwAQACjBVX2wUDJNtRzghjQo2Fo%3D#x__ENREF_20

Yes, NOFFi-OBAM is appropriate for assessing commission errors as reference data follow
CEOS cal-val standards. As we explain in the dataset description: ‘The NOFFi-OBAM fire
perimeters were used as basis for creating the reference data for the NOFFi Greece reference
dataset’ and we mention that ‘Small fires within the specific time series that were not mapped
from the NOFFi-OBAM service were explicitly digitized’. Additionally, unburned and
unobserved categories were added to adapt this product to the CEOS cal-val standards.

Figure 3: This figure shows perhaps a dozen validation sites that are not shown in the equivalent
figure of Padilla et al. (2014), where the 2008 FireCCI global validation dataset was originally
described. Please see related L158 comment above.

The figure has already been corrected according to L158 response.

Figure 5 would be much more useful if it included clouds or some other source of missing data in
the Landsat image stack. The long unit sampling is not clearly described in the manuscript, but |
think I understand most of what the authors here poorly describe only after consulting Figure 12
of Padilla et al. (2018). Perhaps the authors could include a similar figure here.

Thank you, we have modified figure 5 (now figure 3) to clarify the schematic process to obtain
long unit reference data. We also have extended the explanation on how long units are obtained
in section 2.2.

Figure 9: Not clear why it is useful to highlight FireCCI TSAs vs. Added TSAs on the map. It
would be more useful and more consistent to show the time period be-tween Landsat image pairs
as was done for the other data sets in Figures 3, 6, 7, and 8.

The CONUS Landsat Burned Area dataset used 28 validation sites that were repeatedly sampled
in each of the six validation years (with different time gaps in each year), making it challenging
to provide a figure similar to Figures 3, 6, 7, and 8. This is the only dataset that was created to
validate a specific region (CONUS) based on a previous existing global dataset (FireCCI global
2008) and this is a relevant aspect we mention in the reviewed manuscript:

‘another key advantage of stratified random sampling design that should be strongly emphasized
is that it makes it possible to increase the sample size of an initial global sample for specific
regions or rare land-cover classes (Stehman et al., 2012). This is the case of CONUS Landsat
Burned Area (1988-2013) dataset where reference sites for the CONUS extent were augmented
based on the initial sample of the FireCCI global (2008) dataset.”. Figure 9 emphasize this
property. In response to this comment we have added additional text to the Figure caption to
clarify:

“Refel}ince data were generated for each TSA in each of the six sample years (1988, 1993, 1998, 2003, 2008,
2013).”

Table 2: Please show the total areas of the separate burned, unburned, and no-data classes for each
data set.
We have added this information in a separate table (table 3) as suggested in SC1.

BARD DOl landing page
(https://edatos.consorciomadrono.es/dataset.xhtml?persistentld=doi:10.21950/BBQQU7). The
landing page describes BARD almost exclusively as a FireCCl effort. This is a little bit
inconsistent with the manuscript, which says that the database “was created by compiling existing
reference burned area datasets from different international projects.”

Yes, BARD is an initiative that arises from the FireCClI project and 92% of reference files were
produced in the FireCCI project. However, we consider essential the present and future
contributions of other initiatives to this effort.

Technical Corrections

L40: change “sensors” to “sensor”
Done


https://edatos.consorciomadrono.es/dataset.xhtml?persistentId=doi:10.21950/BBQQU7

L57-58: Acronyms MERIS and MODIS not defined
Done.

L85: change “amount” to “number”
Done.

L91: change “sample” to “samples”
Done.

L213: change “covering the 77%” to “covering 77%"”
BrFLAS dataset has been removed from the database since it does not follow CEOS cal-val
standards. Please, see short comment 6 and response.

Figure 2 caption: change “Time distance between” to “Time period between”
Done.
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David Roy short comment (SC1)
Received and published: 28 July 2020

Table 2 summarizes the number of reference files but does not provide summary information on
the total areas of the 3 mapped classes (burned, unburned, no data). Please add a new table
providing this information for each project and for all the projects together. This is needed because
(i) Landsat and Sentinel-2 images have different areas (_185x185 km and _110x110 km), (ii)
different image spatial subsets were mapped (i.e., not the entire image extents) by the different
projects, (iii) the "no data" class includes areas where the interpreter did not undertake the
mapping and it is unclear if this was a major proportion and/or if it varied among the projects. It
would be helpful to then place the total mapped burned and unburned areas in the context of (a)
the total global land area and (b) the typical total annual global area burned, and update the
abstract and conclusion accordingly.

Thank you for your suggestion. Information about the total area from the 3 mapped classes was
already included in the medatada files, however, we didn’t mention it in the manuscript. We have
added the proper comment in the .csv metadata file description and included the suggested table
summarizing the total area mapped of each dataset and the area of the three mapped categories.
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David Roy short comment (SC2)
Received and published: 28 July 2020

Could you explain the long and short units methodology better please. Currently as written |
cannot understand it. Figure 5 is helpful but it does not show the case where there are "no data"
areas (for example, due to cloud and/or the Landsat SLC-off issue) in the image time series. Please
clarify this in the paper text - paying particular attention to how the "no data" pixels are handled
in the long unit derivation. | suspect that there are underlying assumptions that reduce the utility
of the long unit results for validation. For example, it is well known that in many regions the burn
signal dissipates rapidly and that clouds occur commonly and often at the time of Landsat or
Sentinel-2 overpass. Thus, to my mind, the long unit may (i) fail to capture the true area burned
over the time series, (ii) reduce the proportion of the image area that is mapped as burned and/or
unburned. Please clarify and discuss.



We have extended the description of the methodology to create the short and long units in section
2.2 and updated figure 5 (now figure 3) including unobserved areas, we hope it will be clearer
now. As we explain in the methodology to build long units, consecutive pairs of images are used
in order to avoid burn signal loss within the period covered by the long unit. On the other hand,
it is true that may the proportion of the mapped region could be reduced in the spatial dimension,
as ‘no data’ in any of the image pairs is kept into the final reference data. However, this should
not affect the suitability of long units as reference data, please note that, for example, in Boschetti
et al. (2019) images with cloud cover up to 70% are used for validation. Furthermore, long units
have a crucial advantage over short units as they reduce the impact of the temporal reporting
accuracy in the accuracy estimates. We consider that both, short and long units, are
complementary and useful for validation.
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L. Boschetti short comment (SC3)
Received and published: 28 July 2020

Given the effort and cost involved in generating validation dataset, the standardization and
documentation of existing datasets for future use is certainly a meritorious effort, and there is no
doubt that the datasets made available by the authors of this paper will find a use in the fire
community.

| have however some concerns.

1) Scope of the paper and qualification of the dataset The way the dataset is presented could lead
to some confusion and misinterpretation. The paper title refers to the ‘development of a standard
database’ and the abstract refers to the present work as the compilation of ‘the first Burned Area
Reference Database’. This is misleading, because the work described in the present paper is
limited to the collation of existing datasets, through standard GIS operations described in Section
2.3, namely the conversion of the various datasets to the same file format (shapefile), the use of
standardized file names and the creation of simple metadata (Table 1). The wording of the
abstract, i.e. referring to BARD as ‘the first Burned Area Reference Database’, is incorrect, as
this is not the first burned area reference dataset - all the datasets that constitute the BARD are
pre-existing. Maybe ‘the first publicly available burned area reference dataset’ would be a more
appropriate statement.

We have followed your suggestion and changed the sentence to “the first publicly available
burned area reference dataset”. Actually, identical sentence was already included in the
conclusion section: “the first publicly available burned area reference dataset’ Where we clearly
mentioned that ‘BARD is the first publicly available database that compiles and standardizes
previously generated validation reference data.’

2) Degree of novelty Section 2.3 is the only section that reports original work (i.e. the conversion
of all data to shapefile, the standard filenames and the metadata), while the rest of the methods
document what was done by the various research teams in the projects that provided the data.
The novelty of this paper is the compilation, standardization and public release of existing BA
validation datasets, never done before.

3) Sampling. Section 2.1 (‘Selection of the validation sites’) describes a procedure for stratified
random sampling of the burned area reference data that was followed by some of the collated
datasets (but not all), which is extremely confusing. An inattentive reader might be led to believe
that the BARD dataset itself is the result of a stratified random sampling, rather than the collation
of datasets some of which were the results of stratified random sampling (albeit with different
methods) and some that are not.

Table 2 and the documentation of the database included a clear description to the contents, but
we have further clarified this point in section 2.1 to avoid confusion. Please, note that table 2
summarizes the sampling methodology applied to each dataset.



4) Stage 3 validation data set. Much is said throughout the paper of the compliance with CEOS
Stage 3 validation requirements, but the BARD dataset as currently defined does not meet those
requirements, i.e. it would not allow for the use of unbiased estimators of the accuracy metrics,
and their associated standard errors. In the current form, pieces of BARD could be used for a
Stage 3 validation, whereas other pieces could only be used for a Stage 1 or Stage 2 validation.
Could the authors provide a harmonized statistical framework for the estimation of accuracy
metrics from the whole BARD dataset?

BARD is a compilation of datasets that have been produced in different projects where different
methods were applied. Even those datasets produced in the throughout the life of the FireCCI
project present substantial differences. Please note that FireCCI project is a long term project that
started in the year 2010 and, through the years, methods have been improving. That said, the aim
of BARD is not to provide a harmonized statistical framework for all contributing datasets,
because BARD is not a dataset itself but a compilation of datasets produced by different
international projects and years. If that was the aim of BARD, we would only have made available
the FireCCI global (2003-2014) dataset which is the one that covers the longest period but,
instead, we choose to make all possible datasets available, and leave users the freedom to use the
dataset or datasets that best suits their needs.
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L. Boschetti short comment (SC4)
Received and published: 28 July 2020

Dataset harmonization It is apparent that the individual datasets collated in BARD were derived
using a variety of semi-automatic procedures, and in the context of projects that had a somewhat
different emphasis. How were the data harmonized so that they can be used together
meaningfully? The title, abstract, introduction and conclusion imply a degree of harmonization
between the datasets that is well beyond what was done, and might be seen as overstating the
potential of the BARD to be a ’standard database’. Furthermore, there is no formal discussion in
the paper of what requirements/ criteria/standards should be met by a ’standard database’.

We have answered this comment in point 4 of SC3. The standardization refers to the formats and
documentation of the contributing datasets. This is something similar to what has been done in
other databases made publicly available, as it is the case of a recent paper by Yebra et al. (2019)
with fuel moisture content measurements.
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Vitor Martins short comment (SC5)
Received and published: 4 August 2020

The standard datasets are relevant for validation of burned areas and the scientific community
will be interested in such product. However, | found quality issues that limit the application
without additional evaluation of files. Since these datasets have certain degree of automation in
the production, further inspection is required to guarantee the high-quality in reference files. For
instance, some areas present no-data/unobserved labels without a clear reason. When the
reference dataset omits complex burned areas, the validation results tend to be biased. Other
problems were observed in water pixels labeled as “unburned”, and harvest areas as “burned”.
The authors should acknowledge the problems in these reference files and improve the quality as
much as possible.

As burned perimeters of reference files were retrieved using semi-automatic
classifications technics, all the reference files were visually inspected by an experienced
interpreter and double checked (or triple checked in the case of the BAECV CONUS



(1988-2013) dataset) by another independent interpreter and the errors detected in the
initial classification were manually edited until no errors were found. We mentioned this
procedure throughout the manuscript in lines 76, 107, 177, 201-204, 218, 258 and 294.
There are two main situations where you can find ‘no-data/unobserved labels without a
clear reason’: the first one, is when the pre- or post-fire image (or both of them) used to
retrieve the burned area has a region covered by clouds and shadow clouds, and the
cloud/shadow mask applied to the images does not properly mask them. This situation
makes difficult the correct classification of the pixels located near the clouds and could
lead to an incorrect classification. To avoid this issue, cloudy regions of the image are
excluded by using a mask manually created when necessary. This does not imply a
reduction of the quality of the reference perimeters but a reduction of the interpreted area.
The second one, is related mainly with crop areas, where harvested areas could be
classified as burned areas as you point out in your comment. In some regions, especially
those with dark soils, is very hard to differentiate between harvested crops and burned
areas. Despite this issue, we made a great effort to interpret those areas and used some
strategies to minimize the errors in those cases. In this sense, active fires from MODIS
and observable flames on the images can help to identify which crops have burned and
use only those pixels to train the classifier. However, there are situations where the
classification results are quite uncertain and masking those areas as unobserved is
preferable. Respect the water pixels labelled as “‘unburned’ issue, it has to do more with
the established criteria in the validation methodoly and not with labelling errors. Masking
water as unobserved or no data could hide commission errors of coarse resolution BA
products, especially in those regions where a large number of small water bodies surface
cover a significant part of the validation area (e.g. Boreal and Tundra biomes). Labelling
water as unburned was the criterion adopted in the FireCCI datasets and others reference
datasets of BARD, we are aware that may this criterion is not the optimal for all the
regions of the world but this is a question that requires further research to know exactly
the impact of such decisions.

We acknowledge that reference files will have always a certain degree of uncertainty due
to the remote sensing limitations but we consider that the reference files compiled in
BARD are the best approximation to the ground truth that allows the current technology.
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Vitor Martins short comment (SC6)
Received and published: 5 August 2020

| examined all the Brazilian (BrFLAS) data including comparing them to the multi-date Landsat
images they were derived from. Two obvious issues:

1) None of the Brazilian data have a “no data\unobserved” class. This would only be correct if
the images were always cloud- and shadow- free and but this is not the case.

For example, see below.

2) There are burned areas that are not mapped as “burned” because one of the images

was cloud/shadow obscured. However, incorrectly, they have not been mapped as "no
data\unobserved" (for example, see in red circle below). This makes these data difficult to use for
validation, or as a reliable source of training data for classification purposes (as without looking
at the images | would assume incorrectly that these areas were unburned).

Thank you very much for show us this issues about the BrFLAS dataset, we really
appreciate the time dedicated to check the accuracy of the data. We agree with your



observations about the BrFLAS dataset and we have decided to exclude this dataset from
BARD until these issues are fixed.
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Abstract. Over the past two decades, several global burned area products have been produced and released to the public.
However, the accuracy assessment of such products largely depends on the availability of reliable reference data that currently
do, not exist on a global scale or whose production require,a high level of dedication of project resources. The important lack

Eliminado: Renata Libonati®*, Julia A. Rodrigues®, Alberto W.
Setzers,
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of reference data for the validation of burned area products is addressed in this paper. We provide the first publicly available
Burned Area Reference Database (BARD) that was created by compiling existing reference BA datasets from different

Eliminado: s

burned area

international projects. BARD contains a total of 2,661 reference files derived from Landsatand Sentinel-2 imagery. All those

The Database

Jiles have been checked for internal quality and are freely provided by the authors. To ensure database consistency, all files

were transformed to a common format and were properly documented by following metadata standards. The goal of generating

Eliminado: burned area

this database was to facilitate BA algorithm developers and product testers reference information that would help to develop
or validate new BA products. BARD is freely available at: https://doi.org/10.21950/BBQQU7 (Franquesa et al., 2020).

1 Introduction

Validation is defined by the Committee on Earth Observing Satellites Working Group on Calibration and Validation (CEOS-

WGCV) as “the process of assessing, by independent means, the quality of the data products derived from the system outputs”

(CEOS-WGCV, 2012). Validation helps in evaluating the utility and limitations of using any remote sensing (RS) product,

particularly on whether user accuracy requirements are met. For this reason, validation should be part of any RS project, even

though it requires additional effort and cost that is not aimed at improving accuracy but rather to measure it. Validation implies

comparing our results to reference data, assumed to represent the actual conditions of the target variable at the satellite overpass
1

Eliminado: or

(En
(
(e
(En
[ Eliminado: 2769
(
(
(

Eliminado: reference

o A ) L

Eliminado: This should help future users of this database to read
and convert the files to their own preferred formats or projections.
The database



https://doi.org/10.21950/BBQQU7

50

55

60

65

70

75

80

time. In the case of global studies, it is very difficult to generate reference data for the wide variety of planetary conditions,
thereby complicating validation. Some of the global variables (e.g. temperature and surface radiation) can be validated from
ground sensor networks, such as weather stations, buoys or Aerosol Robotic NETwork (AERONET) sensors. Other variables

are more difficult to validate, as they require generating global reference data that are based on higher-resolution sensors than

those used to obtain the global product. This is the case of land cover or burned area products, which require first designing a
sample strategy using statistically valid protocols and then extracting from the selected sites the reference polygons to be
compared with the global datasets. Despite the time and effort required to derive reference datasets, accuracy assessment is a
critical part of any global RS project and making these reference datasets publicly available will facilitate product comparison

and lower the burden of validating future products.

[ Eliminado: sensors

( Etiminado: is

["' inado: product efforts

Several global burned area (BA) products have been produced in the last two decades, providing an estimation of fire activity
worldwide (Chuvieco et al., 2019). The first of these products was the, Global Burned Area (GBA2000), pased on daily

VEGETATION (VGT, 1 km resolution) images acquired Jn the year 2000 and was generated py the Joint Research Centre of N

Eliminado: global BA product

Eliminado: ,

the European Union (Grégoire et al., 2003). The same year, the European Space Agency developed the GLOBSCAR BA
product, also at 1 km2, derived from daytime ERS-2 (European Remote Sensing Satellite) ATSR-2 (Along Track Scanning

Radiometer) data (Simon et al., 2004),Other 1 km resolution global BA products released by European projects include the

L3JRC (Tansey et al., 2008) covering the period from 2000 to 2007; GlobCarbon (Plummer et al., 2006), produced from 1998 k

to 2007; and the Copernicus GIO_GL1_BA products. These three products were derived from VGT images, although,in_the
GlobCarbon_project, ATSR images were used as well, More recently, the FireCCl (Climate Change Initiative) project

(https://esa-fire-cci.org, last access: 25 March 2020), part of the European Space Agency,(ESA).CCI programme, has generated

three global BA products, based on Medium Resolution Imaging Spectrometer (MERIS) at 300m resolution (FireCCI41:

Alonso-Canas and Chuvieco, 2015) and
Chuvieco et al. (2018) and FireCCI51: Lizundia-Loiola et al. (2020)). NASA (National Aeronautics Space Administration)
released in yid-2008 the MCD45A1 product derived from 500 m MODIS imagery (Roy et al., 2008), which has now been
superseded by MCDG64A1 at the same resolution but with a different BA algorithm approach (Giglio et al., 2009; 2018).

These global BA products have been validated by comparing them with reference data generated from medium resolution
sensors (such as those on board the Landsat, SPOT (Satellite Pour 1’Observation de la Terre), or Sentinel-2 missions). These

reference data were typically derived from multitemporal pairs of images to properly date the validation period.

According to the representativeness of samples used to perform product validation, the CEOS-WGCV Land Product Validation

(LPV) subgroup defined four validation stages with the level of sampling effort and statistical rigor increasing at each stage

(https://Ipvs.gsfc.nasa.gov/, last access: 25 March 2020). Early validation exercises were subjected to a first stage validation

included in the sample (Tansey et al., 2004; Roy et al., 2005). Roy and Boschetti (2009), for instance, reported validation
results for the MCD45A1 product using a set of 11 Landsat scenes distributed across southern Africa. Chuvieco et al. (2008)
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validated a regional product for Latin America using 19 Landsat scenes and 9 China—Brazil Earth Resources Satellite (CBERS)

scenes_that were donated by regional space agencies when access to the Landsat archive was not yet free and open to the

public, thereby limiting the number of selected validation sites. The MCD64A1 Collection 5 was not formally validated, and

the most recent MCD64A1 Collection 6 products were first validated using a set of 108 Landsat scenes distributed across a
wide range of fire-affected ecosystems but not selected via probability sampling (Giglio et al., 2018). A recent study has
provided a yalidation of the MCD64A1 product,implementing a probability sampling design and using Landsat-8 Operational

full spatio-temporal

Land Imager (OLI) images, but only for a single year (Boschetti et al., 2019). Previous statistical validation of NASA and
FireCCI_BA products were conducted by Padilla et al. (2014; 2015) using a set of 105 randomly selected Landsat scenes for a

single year (2008) and by Chuvieco et al.(2018) using a multitemporal reference dataset of 12 years. Other projects covering

large areas have been developed in the USA using Landsat data across six years (Vanderhoof et al., 2017) and Africa using

sampling. In all cases, reference datasets were created based on independent interpretation of BA, controlled by visual

inspection. The importance of applying probability sampling to collect reference data has been highlighted by different authors

as acritical feature of the sampling design protocol to achieve statistically rigorous assessment (Stehman, 2001; 2009; Olofsson

et al., 2014; Stehman and Foody, 2019). Thus, in contrast to such reference data collected by convenience, ease of access, or

other methods that lack randomization, data collected through probability sampling makes it possible to obtain rigorous

estimates of accuracy.
The main bottleneck for validating global BA products or global BA algorithms is the generation of reference BA datasets. To

facilitate the activity of BA algorithm developers, this paper aims to present and deliver to the scientific community the Burned
Area Reference Database (BARD), a set of reference BA perimeters that can be used as reference data for validation of BA

products or to help the development of BA algorithms_(obviously, the same files cannot be used for both training and validating

an algorithm). These validation files were compiled from different international projects and years, therefore the resulting
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Eliminado: . In both cases, reference datasets were created based
on independent interpretation of burn perimeters, controlled by visual
inspection

database will facilitate fhe assessment,of BA algorithms in a wide range of ground conditions., [ Eliminados: facilitating ]
The BARD includes the following datasets of reference data: FireCCI global (2008), FireCCl global (2003-2014), FireCCl [E“mi"adm test ]

Africa (2016), FireCCI Africa S2 (2016) that were produced within the framework of the FireCCl project; the CONUS
(contiguous United States) Landsat Burned Area (1988-2013), developed within the Landsat Level-3 Science Products project,

Eliminado: The paper presents the methods that were used to
generate the BA reference perimeters and then to transform all the
files to a common standard format and file structure.

and NOFFi Greece (National Observatory of Forest Fires, 2016-2018) that were produced within the NOFFi project.

The paper presents the methods that were used to generate the BA reference data paying particular attention to the sampling

design and reference data retrieval methods applied to the different BARD datasets. The data specifications to transform all

the files to a common standard format and file structure are then presented. Finally, a detailed description of each dataset

included in BARD is provided and the main dataset features are then summarized to facilitate a general overview.
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2 Methods

2.1 Selection of validation sites: sampling design

High-quality reference data generation is an expensive and time-consuming task, which constrains the total [Eliminado: amount
validation sites that can be established in any validation exercise. For this reason, sampling design is critical to make the most
of the resources available and ensure the highest precision of accuracy estimates given the available resources to generate
reference data. Padilla et al. (2014; 2015) implemented a stratified random sampling design that allowed for global BA
[ Eliminado: improved
[ Eliminado: by specifically including
[ Eliminado: at
[Eliminado: sample

years (2003-2014), reporting for the first time the temporal accuracy variation of global BA products. Meanwhile, Boschetti

et al. (2019)_validated the MCD64 c6 BA product, but instead of using the calendar year, the authors used a fire year (from
March 1% 2014 to March 19" 2015) as defined in Boschetti and Roy (2008).

The sampling design protocols to validate BA products were therefore developed considering the rarity and ephemeral nature

of the BA, which is indeed a special case of land-cover change (Stehman and Foody, 2019). When selecting samples for

population estimates. For BA product validation, this implies selecting samples considering the spatial and temporal

dimension, The spatial dimension of sampling units js usually defined by the Thiessen scene areas (TSAs) constructed by

Cohen et al. (2010) and Kennedy et al. (2010) specifically for use with Landsat WRS-2 frames (Worldwide Reference System,
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Fig. 1a). The key advantage of TSAs is that they provide non-overlapping Landsat-like frames, which allow for a convenient
computation of unbiased estimators (Gallego, 2005). The temporal dimension of sample units is defined by the acquisition

dates of the pre- and post-fire images. For example, in Boschetti et al.

idation period (1 year) was divided into

equal temporal size sampling units using the 16-day Landsat 8 acquisition interval, thus allowing for the temporal random

selection of the reference images. This temporal partitioning, also makes it possible to intensify the sample in strata that

comprise the fire season and where burning is more likely to occur (Stehman and Foody, 2019). However, longer period

intervals (>100 days) are used to define sampling units to allow a long temporal overlap of reference data with the BA product,

which helps to disentangle the spatial errors from the temporal errors of the BA product (Roteta et al., 2019; Lizundia-Loiola
etal., 2020).

In any case, sample units are then stratified to properly represent the variety of conditions that affect the accuracy of BA
products. This stratification is usually based on (a) major Olson biomes (Olson et al., 2001) (Fig._1b) and (b) the BA extent
provided by a global BA product considered to be reliable or active fire detections, assigning each sample unit to high or low

BA strata based on a threshold that can be specifically adapted to each biome stratum as in Padilla et al. (2017) or simply set
as the 20" quantile of the cumulative distribution of active fire counts as in Boschetti et al. (2016; 2019).
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One of the advantages of the stratified sampling design adopted for BA maps validation previously mentioned was that it

allows for rigorous estimates of global BA accuracy. However, another key advantage of stratified random sampling design

that should be strongly emphasized is that it makes it possible to increase the sample size of an initial global sample for specific
regions or rare land-cover classes (Stehman et al., 2012). This is the case of the CONUS Landsat Burned Area (1988-2013)
dataset where reference sites for the CONUS extent were augmented based on the initial sample of the FireCCI global (2008)

dataset.

Stratified random sampling design was applied to several datasets included in BARD: FireCClI global (2008), FireCCI global
(2003-2014), FireCCl Africa (2016) and the CONUS Landsat Burned Area (1988-2013). FireCCI Africa S2 (2016) was
obtained also by probability sampling but, in this case, applying a systematic sampling design. NOFFi Greece (2016-2018) is

the only dataset of BARD that was obtained through convenience sampling rather than probability sampling.

To report BA accuracy from these stratified sample datasets, users should apply the proper estimation formulas detailed in the

associated articles (see Table 2) and use the additional information as the stratum of each sampled unit and the stratum sizes

of the stratified sampling, provided in the metadata files and tables of appendix A, respectively.

2.2 Reference data generation methods
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Thematic Mapper plus)/OLI or Sentinel-2 MSI). Burned patches included in the files are only those that occurred in between Eliminado: reference files

the two satellite images used to generate the yeference data (Fig._2). The procedures implemented to obtain those burned Eliminado: files

patches are diverse, depending on the dataset, but all include a semi-automatic procedure (e.g. Bastarrika et al., 2011) and then procedure

a visual inspection to confirm that the detected perimeters were actually burned areas. Jn some cases, the semiautomatic Eliminado: is
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sensor problems (i.e. Scan Line Corrector (SLC)-off problems of ETM+), either in the pre- or post-fire images, they were '\ ( Eliminado: Parts

classified as no-data. This was done to make sure that only areas with reliable data were included in the yeference files { Eliminado: that

Regarding ‘unburned’ category of reference data, different criteria were applied to label seas and inland water bodies in the ( Etiminado: cannot

different datasets. Thus, for FireCCI global (2008). FireCCI global (2003-2014), FireCCI Africa (2016) and CONUS Landsat | Efminados eitrer by

Burned Area (1988-2013) datasets, surface waters were classified as ‘unburned’ while in FireCCI Africa S2 (2016) and NOFFi E ::::::::: \Zidaﬁon

Greece (2016-2018), the ‘no-data’ category was applied to label them. [ Eliminados process

1t should be noted that reference data are not just high accuracy BA products generated by well-designed algorithms using

medium- or high-resolution imagery. Rather, reference data following international standards should provide reliable burned

area but also the unburned surface of the interpreted geographic region and the unobserved/unmapped areas within the region
as shown in Fig. 2c.
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Like the sampling units from which reference data are derived, reference data can be defined by its spatial and temporal

dimension. The spatial dimension is a function of the geographic extent interpreted to obtain the reference data, where the size

varies depending on the criteria adopted in each project. For example, reference data from the FireCCl global (2003-2014)

dataset were spatially defined by a frame of 30 x 20 km located at the centre of the Landsat images, whereas the entire Landsat
scenes were used in the case of the CONUS Landsat Burned Area (1988-2013) dataset. The spatial extent used in the datasets

included in BARD will be specified in section 2.4 where a detailed description of each dataset is provided.

The temporal dimension of the reference data represents the period defined by the acquisition date of the pre- and post-fire

images used to generate them. Regarding the temporal length of the reference data, the FireCCI project adopted the terms

'short unit' (SU) and 'long unit' (LU). The former refers to those reference data derived from a pair of consecutive images

separated by 16 days or less (the temporal span between two Landsat acquisitions). The latter is defined by a series of
consecutive SUs covering at least 100 days. LUs allow for long temporal overlaps between validation and product data,

reducing or minimizing the impact of the product’s temporal reporting accuracy in the accuracy estimates (Padilla et al., 2018).

The combined use of SUs and LUs is useful to assess such and contextualize impact. A LU BA map consists in the combination

of consecutive SU maps (Fig. 3). A pixel classified as no-data in any of the SU maps is kept as such in the LU BA map. This
is to ensure that any pixel available data is observed frequently (every 16 days or less) and an eventual burn is not missed due

to simply a fast recovery of the vegetation. The permanently observed pixels, were classified as burned in the LU if they were

detected as burned in any SU of the time series covered by the LU. The presence of no-data (e.g. due to clouds) in a single

image may reduce drastically the spatial cover of available data in the resulting LU. Therefore, BA maps are generated for

every single SU, but the BA map for a LU is generated by accumulating the consecutive SUs of the same TSA. The length of

the LU would depend on the existing cloud-free consecutive SUs. For example, if 8 consecutive SUs, all covering the same

temporal length (e.q. 16 days) are cloud free and the 9" image has 90% of the area cloud covered, the LU would include only

the first 8 SU maps, even if SU were generated for the 9™ and 10" consecutive images.

As burning is detected on any given single image in between the period covered by two satellite acquisitions, all burned patches

are dated based on the second reference image of a multitemporal pair. Therefore, SUs will have the same date for all the

burned patches, while LU reference data will have burned patches from different dates as multiple pairs of images are used to
build the LU (Fig. 3).

Among the datasets included in BARD, SUs were used in the FireCCI global (2003-2014) dataset as part of the sampling
design, and LUs were used for the FireCCl Africa (2016) dataset. Reference data from the rest of the FireCCI project datasets
(FireCClI global (2008) and FireCCI Africa S2 (2016)) and CONUS Landsat Burned Area (1988-2013) dataset, were retrieved
from a single pair of images with a variable time lapse between pre- and post-fire images. Thus, the temporal length of those

reference data was determined by the availability of suitable images and the duration of the burned signal. The NOFFi Greece

(2016-2018) reference data were obtained considering a time-series of Sentinel-2 images, but with variable length and non-
consecutive time-series step.
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2.3 Data specifications

Each dataset of BARD is organised in three folders with associated files including: (a) ‘metadata’, which contains a .csv file

containing the file name of all the reference files included in the dataset, along with additional information such as the temporal

length (days), the total number of images interpreted (n_im

corresponding TSA; (b) ‘regions’, which contains an ESRI shapefile (*.shp) containing all the sample sites (TSAs or Sentinel-
2 tiles) covered by the dataset; and (c) ‘shapefiles’, containing the validation reference shapefiles ordered by year. They are

also released in shape (.shp) format.
All_ datasets _are _in, UTM/WGS84 projection. The name of the files is defined as follows:

(

R
[ Eliminado: ) or
(

‘Project_ RD_ppprrr_yyyymmdd_yyyymmdd’ (e.g. FireCCI_RD_164069 20160514 _20160709°), where:
Project = Project in which the reference data were generated.
RD = stands for Reference Data.
ppprrr = refers to the Landsat Worldwide Reference System (WRS) path (ppp) and row (rrr) of the scene. For collections where
Sentinel-2 was used instead of Landsat images, ppprrr refers to the Sentinel-2 tile (e.g. FireCCI_RD_T28PET_ 2016011
1.20160311).
yyyymmdd (year, month, day). The first date corresponds to the pre-fire date, which is the date of the first image used for BA
detection; the second one refers to the post-fire date, which is the date of the last image used for generating the reference fire
perimeters.
The following attribute fields are included in the shapefiles (Table 1):
= category:
o 1:Burned area. This category includes all polygons detected as burned
o 2: No-Data. This category includes all polygons that could not be interpreted or were not observed by the
sensor, either by clouds and/or cloud shadows, topographic shadows, smoke, or sensor errors (for instance,
those caused by SLC-off problems of ETM+ after May 31, 2003).
o 3:Unburned. This category includes all polygons observed as not burned within the limits of the area covered
by the image.
= preDate: Acquisition date of the image taken before the occurrence of the fire: yyyy-mm-dd (year, month, day).
= postDate: Acquisition date of the image taken after the fire: yyyy-mm-dd (year, month, day).
= prelmg and postimg: The pre- and post-fire Landsat scene identifier (e.g. ‘LC80260422013124LGNO1"). For
reference files based on S2 images, the datastrip ID is used instead.
(e.g. ‘S2A_OPER_MSI_L1C_TL SGS_ 20160420T171415_A004324 T28PEB_N02.01").
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= path: The Worldwide Reference System-2 (WRS-2) path of the Landsat scene. For reference files based on S2, the
tile number was used.

= row: The row of the Landsat scene. For reference files based on S2, the tile number was used.

= year: The year of the validation dataset.

= area: Area in square meters (m?) calculated on the WGS84/UTM Cartesian plane.

2.4 Reference datasets

2.4.1 FireCCl global (2008)

Table Al). Two levels of spatial stratlflcatlon were used to select the spatlal units based on TSAs derived from the Landsat
World Reference System 2 (WRS-2). Spatial units were first stratified across seven aggregated Olson biomes (Olson et al.,

2001). Each biome was stratified into high and low BA extent based on the Global Fire Emissions Database (GFED) Version
3 (Giglio et al., 2009; 2010). A total of 101 images from Landsat-5 TM and_109 for Landsat-7 ETM+ satellite sensors were

used to retrieve BA perimeters. The complete scene was used for Landsat-5 TM images, whereas only the centre,of Landsat-

Eliminado: The FireCCI global 2008 reference dataset (Padilla et
al., 2014) was created using a stratified random sampling design.
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Eliminado:

(n=127)

Eliminado:

: (n=131) images

7 ETM+ scenes were interpreted in order to avoid data SLC gaps. BA perimeters were derived using a semi-automatic
algorithm developed by Bastarrika et al. (2011), where high burn severity pixels were selected to train core burned area, and
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dataset is compliant with CEOS-LPVS Stage 3.

2.4.2 FireCCl global (2003-2014)

out those with a cloud cover greater than 30%. For each calendar year, the sample units were stratified by Olson biomes (Olson

adjacent lower burn severity pixels were added to the core detected patches using a region-growing algorithm, [ Eliminado: selected to apply
The FireCCl global 2008 dataset includes 105 reference data files, derived from single pair of jmages, for the year 2008. The ( Eliminados to the previously identified burned areas
temporal length of reference data varies between 8 and 144 days: 79% of image pairs were separated by 32 days o less, 16% N\ ( Eliminado: 129
between 32 and 100 days, and 5% by more than 100 days with a maximum time gap between the pre- and post-fire image of k %::::::::: o
144 days. The total area of reference data is 1.76-10° km?, of which 1.35% corresponds to burned category, 88.35% to unburned [ Eliminado: files
and 10.30% to unobserved category. The location and temporal length of the reference data is shown in Fig. 4, This reference [ 64
Eliminado: 28
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in the framework of the FireCClI project with the collaboration of the Copernicus Global Land Service (CGLS). The reference [Ehmmado: welve
data were derived from consecutive Landsat images separated by 8-16 days for each selected TSA and year. A total of 585, [ Eliminado: . The reference files were generated
images from Landsat-5 TM, 1564 from Landsat-7 ETM+ and 209 from Landsat-8 OLI (n= 209) satellite sensors were used to [ Eliminado: 2358
retrieve BA perimeters. The sampling units were selected following a stratified random sampling design_(Table A2). The total ( Eliminado: (n=565)
population of sample units were defined spatially by TSAs and temporally by the dates of Landsat images available, filtering % ::::::::: \2:564)
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separately for each year and biome. Once the strata were defined by year-biome-BA, a set of 100 sampling units were selected
for each calendar year applying a sample allocation according to Eq. (1):
Ny Ny BAy, 1)

where ny, Is the sample size to be selected in stratum h, N, is the stratum size and BA, the BA mean in stratum h.

reference data retrieval. The reference perimeters were extracted from a dedicated Random Forest algorithm, trained for each
sampling site, and output maps were visually inspected by two interpreters (Padilla et al., 2018).
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of which 3.85% corresponds to burned category, 71.85% to unburned, and 24.29% to unobserved category. The location and

total number of reference data in each TSA are shown in Fig. 5, This reference dataset is compliant with CEOS-LPVS Stage
3.

2.4.3 FireCClI Africa (2016)

The FireCCI Africa reference dataset consists of LU BA maps and was generated for the year 2016 from Landsat imagery
(Padilla et al., 2018), It was also generated in the framework of the FireCCI project with the collaboration of the CGLS. The

sampling was designed with long units and it was similar to that for the FireCCI global (2003-2014) dataset, as mentioned in

files

files
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in consecutive 8-16 days

) LU

Eliminado:
in its time dimension, hereinafter referred to as long units as opposed

. The sampling was designed with sampling units long

to the 8-16 days’ short units mentioned in the previous section.
Reference data over long units allows for long temporal overlaps
between validation and product data, and among other analysis it

allows to assess the effect of product temporal errors on the accuracy

estimates. Reference maps at long units consist simply in the

concatenation of consecutive 8-16 days’ maps (Fig. 5). The sampling

with CEOS-LPVS Stage 3.

2.4.4 FireCCl Africa S2 (2016)

Systematic sampling was used to select 52 validation sites based on Sentinel-2 tiles (110 x,110 km) over Sub-Saharan Africa.
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Burned areas
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were
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the previous section (Table A3). The only difference was the sample size, 50 units instead of 100 units per year. Note that each design
unit here is much larger, as it consists of multiple image pairs. Two reference perimeter datasets are released: (a) Reference [E'““'“ad° on
data at,SU level, 1052 files with 8-16 day BA maps; and (b) Reference data at LU level, 50 files. The temporal length covered k [ Eliminado: on :
2t each LU varies from 24 to 256 days (Fig. 6b): 18% of the LUs cover a temporal length below 50 days, 34% between 50 and % z:::::::: :::):nz:;:
100 days, and 48% are above 100 days. As mentioned in Section 2.2., LUs were defined to be at least 100 days long, although [ days
the presence of clouds reduced the actual temporal periods with available data. The total area of LU reference data is 0.023-10° [ Eliminado: long units
km?, of which 15.72% corresponds to burned category, 49.61% to unburned, and 34.67% to unobserved category. The location, [ Eliminado: by
number of jmage pairs, and temporal length of the LUs reference data are shown in Fig. 6. This reference dataset is compliant %E"“""adm long unit
Eliminado: long units
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The FireCCI Africa S2 BA reference dataset was created to perform an initial validation assessment of the Small Fire Database ( Etiminado: files
Fire_cci v1.1 product (FireCCISFD11) produced for the year 2016 for the whole Sub-Saharan Africa (Roteta et al., 2019). [E'““'“adm A systematic
Reference data, were generated from the comparison of two Sentinel-2 MSI images at 20 m resolution per reference site. %::::::::: 122
(
(
(

9

regions

O U 0 JC U U U L




445

450

455

460

465

470

the accuracy of the classification and new training polygons were defined if needed. This was done sequentiall

[ Eliminado: the whole ]

areas were mapped and no commission or omission errors were visually detected. Finally, if there was noise created by
unmasked clouds and cloud shadows, it was edited and removed manually.

The temporal length of the reference data varies between 10 and 120 days: 86% of the pairs of images were separated by less

than 50 days and 14% by more than 50 days with a maximum time lapse of 120 days. The total area of reference data is

0.63-10° km?, of which 8.87% corresponds to burned category, 72.42% to unburned, and 18.71% to unobserved category. The

location and temporal length of the reference data are shown in Fig. 7. This reference dataset is compliant with CEOS-LPVS
Stage 1.

2.4.5 CONUS Landsat Burned Area (1988-2013)

LCONUS Landsat Burned Area (1988-2013) reference dataset (Vanderhoof et al., 2017; 2020) extends across the contiguous
United States (CONUS) and was generated to validate the Landsat Burned Area product (Hawbaker et al., 2017; 2020). The
sampling design was adapted from the methods used by the ESACCI FireCClI project. Existing FireCCI validation TSAs (n=9)
within CONUS were augmented with an additional 19 TSAs for a total of 28 TSAs. The TSAs were stratified across the major

Olson biomes (Olson et al.,

2001) including (1) temperate forest, (2) Mediterranean forest, (3) temperate grassland and
savannah, (4) tropical and subtropical grasslands and savannah, and (5) xeric/desert shrub. TSAs selected within each biome
were meant to represent high and low burned areas as specified by the Global Fire Emissions Database (GFED) version 3,
(Table A4). Systematic sampling was applied to select 6 validation years spaced out in 5-year increments (2013, 2008, 2003,
1998, 1993 and 1988).

extent. Landsat reference images were limited to those with a geometric Root Mean Square Error (RMSE) < 10 m, <20% cloud
cover, and available as a L1T Surface Reflectance product. Time lapse between images was not limited to 16 days and only
two images (pre- and post-fire) were used to retrieve BA yeference data for each yalidation site and year. The pre- and post-
fire image pairs did not specifically represent a probability sample within a year but were designed to target changes incurred
over the peak fire season. Peak fire season was determined using the distribution of total burned area by month as derived from
the MCD45 burned area product (2001-2015). The FMask from the Landsat surface reflectance product was applied to mask

until all burned [Eliminado: covered ]
[ Eliminado: consecutively ]
( Eliminados files )
[ Eliminado: files ]
( Eliminado: BrFLAS Brazil (2015 )

Eliminado: The BrFLAS Brazil BA reference files were generated
by a joined initiative by the Laboratory for Environmental Satellite
Applications (LASA) from the Federal University of Rio de Janeiro
(UFRJ) and the National Institute of Space Research (INPE) under
the scope of the Brazilian Fire-Land-Atmosphere System (BrFLAS)
Project (http://idlcc.fc.ul.pt/brflas/index.html, last access: 25 March
2020). The BrFLAS Brazil (2015) dataset includes 84 reference data
files for the year 2015 (Rodrigues et al., 2019) covering the 77% of
the Cerrado Brazilian biome’s surface. The dataset was derived from
images mapped every 16 days at a spatial resolution of 30 m using
multispectral images from the OLI sensor aboard the Landsat-8
satellite. The BA perimeters were systematically generated using a
classification method based on the Normalized Difference Vegetation
Index (NDVI) and Normalized Burn Ratio Long-shortwave infrared
variation (NBRL) indices, and on the difference of those indices
between the post- and pre-images (Melchiori et al., 2014). These
burned scars automatically generated were then subject to an
independent analysis and visual photo interpretation, including a
series of quality control procedures for removing data of reduced
accuracy to ensure consistency among all the burn scar samples.
Images with cloud coverage greater than 10% were discarded for the
analysis and only images from June to October were interpreted to
reduce cloud contamination and rainfall episodes. A detailed visual
analysis of cloud distribution in pre- and post-fire images was
performed to avoid commission errors. Finally, all the mapped
burned scars retrieved from the 16 days’ consecutive pair of images
were merged for each path/row Landsat-8 scene and the
corresponding unburned region was added to build the final refere[f
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SLC off pixels were masked, The low-, medium- and high-intensity development classes (i.€. urban areas) were masked using

the National Land Cover Database (NLCD, https://www.mrlc.gov/national-land-cover-database-nlcd-2016) (Homer et al.,

2015) to reduce spectral confusion between burned areas and impervious surfaces. Similarly, agricultural burns were not used \
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to train the reference data burn classification, therefore the accuracy of the reference dataset in agricultural areas is unk nown.
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Burned area, maps were generated using BAMS (Bastarrika et al., 2014). The Normalized Burn Ratio (NBR), Mid-infrared

Burned Index (MIRBI), Global Environmental Monitoring Index (GEMI) and Normalized Difference Vegetation Index
(NDVI) were calculated for the pre- and post-fire images and utilized in a supervised classification. The algorithm was trained
on manually selected polygons containing (1) clearly burned pixels and (2) spectrally similar but less distinct burned pixels.
The algorithm applied a region-growing function between the two types of training polygons, while cut-off values for each

variable were extracted from the training polygons. Each classified burned area was then manually edited. When available, the

fire points (MOD14 collection 5, Giglio et al., 2009), MODIS burned area (MCD45A1 collection 5, Roy et al., 2008), and
aerial imagery) to improve the confidence in their selection of training pixels and manual edits. To maximize the accuracy of

the reference dataset, each image pair was classified into burned area extent and visually evaluated and edited independently
by three different analysts. A pixel was then classified as burned if it was identified as burned by two of the three analysts.
Additional processing details can be found in Vanderhoof et al. (2017),

[ Eliminado: (post-fire — pre-fire)

Eliminado: Monitoring Trends in Burn Severity (MTBS), MODIS
active fire points, MODIS burned area,

years (1988, 1993, 1998, 2003, 2008, 2013). The temporal length of reference data varies between 16 and 288 days: 37% of ‘

pairs of images were separated by less than 50 days, 35% between 50 and 100 days, and 28% by more than 100 days with a

maximum time lapse between the pre- and post-fire image of 288 days. The total area of reference data is 5.23-10° km?, of

which 0.12% corresponds to burned category, 82.33% to unburned, and 17.55% to unobserved category. Location of reference

(
: [ Eliminado:
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2.4.6 NOFFi Greece (2016-2018)

Fires with patch sizes of less than 4.05 ha (45 pixels)
were removed from the reference data to be comparable with the
minimum mapping unit of the BAECV product.
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The reference data were obtained using the perimeters produced by the National Observatory of Forest Fires (NOFFi)
(http://epadap.web.auth.gr, last access: 25 March 2020) and, specifically, its Object-based Burned Area Mapping (OBAM)
service, implemented by the Laboratory of Forest Management and Remote Sensing (FMRS) of the Aristotle University of

Thessaloniki. NOFFi-OBAM is an on-demand service, meaning that it is activated after large wildfire events and under explicit

requests by the local forest offices. It relies solely on Sentinel-2 imagery and js employed only for fires within Greece. The

NOFFi-OBAM, algorithm is designed to map fire perimeters and follows a supervised learning approach using a post-fire

Sentinel-2 (Level-1C) image, although a pre-fire image is also used for photo-interpretation purposes. The methodology
applied to retrieve the fire perimeters is fully described in Tompoulidou et al. (2016). Non-probability sampling design was

applied for this dataset; reference sites were selected by convenience based on images previously processed in the NOFFi-
OBAM service.

The NOFFi-OBAM fire perimeters were used as the basis for creating the reference data for the NOFFi Greece reference
dataset considering the burned area mapping_.years 2016, 2017 and 2018. For each Sentinel-2 tile ID (e.g. T34SDH) in which,

Jire perimeters were available, the whole time-series of images were visually checked and the date range for the reference file
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creation was defined from the first pre-fire image to the last post-fire image. Small fires within the specific time series that
were not mapped from the NOFFi-OBAM service were explicitly digitized. Since NOFFi-OBAM only serves Greece, areas

[ Eliminado: out

Eliminado: postfire

Eliminado: formers

masked (category = 2), considering the last postimg. Although a non-probability sampling design was applied for this dataset

the NOFFi-OBAM service has been activated for all wildfires greater than 100 ha during the period 20162018 and, in many

cases, for smaller (or even much smaller) wildfires. Therefore, the dataset contains a representative set of Sentinel-2 tiles that

are frequently affected by wildfires in Greece, at least for the given time-period.

The NOFFi Greece dataset includes 34 reference data files from 25 different Sentinel-2 tiles. The temporal length of reference
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) { Eliminado: Cloudy images were discarded from the analysis to

avoid unmapped areas within the mapped region
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data varies between 5 and 132 days. The total area of reference data is 0.41-10° km?, of which 0.10% corresponds to burned

category, 25.83% to unburned, and 74.08% to unobserved category. As shown in Fig. 9, most of the surface of the tiles from

[ Eliminado: files

[ Con formato: Superindice

this dataset corresponds to sea surface that was labelled as ‘no-data’ (section 2.2.), this is the reason the unobserved category

is s0 high compared to the rest of the datasets. The location and temporal length of the reference data as well as the number of

images used in each reference site are shown Fig. 9. This reference dataset is compliant with CEOS-LPVS Stage 1.

3 Data availability

provide a uniform set of attributes and metadata descriptions to maximize the ease with which these reference files can be used
to evaluate global burned area products. A summary of the data included in each dataset is described in Table 2 and 3. Reference

shapefiles and metadata files can be downloaded grouped by the datasets described in this publication: FireCCI global (2008),

and NOFFi Greece (2016-2018). Plans are underway to expand the Burned Area Reference Database with new reference files

that the FireCCI project produces, and,we encourage future contributions from the scientific community.
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4 Conclusions

BARD is the first publicly available database that compiles and standardizes previously generated validation reference data.

Reference datasets included in this database were produced throughout the life of the FireCCI project since 2010, and other

initiatives as Landsat Level-3 Science Products and NOFFi projects have joined and contributed to this effort. BARD gathers
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and compiles a total of 2661 standardized shapefiles representing reference burned area data generated from approximately

4500 Landsat and Sentinel-2 images and 8 million square kilometres of interpreted land surface. Reference data were produced

following the recommendations of the CEQOS Calibration/Validation group and visually inspected by two or more experienced

interpreters to ensure the accuracy of the data. As BARD is a compilation of datasets that were produced in different projects

and years in which different methods were applied (e.g. different sampling methods, sensors, years or region extent), it is

highly recommended that the user clearly understands the characteristics of the dataset or datasets that best suits their needs.

BA reference database and future,updates yemedy the lack of an extensive global and regional, multitemporal validation dataset
(Humber et al., 2019) and, certainly, can serve as a valuable source for validation of existing_products and developing new,BA

algorithms, particularly those requiring large amounts of training data.

5 Appendix A: Supplementary tables
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Figure 1; (a)Thiessen scene areas (TSAs) based on Landsat Worldwide Reference System-2 (WRS-2) frames. TSAs are used as non-
overlapping spatial units in the sampling design. (b) Distribution of major Olson biomes reclassified as in Padilla et al. (2014).
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Figure 2: Example of Landsat-7 pre-fire (a) RGB (7,4,3) image and Landsat-8 post-fire (b) RGB (7,5,4) image. Both (a, b), were

used to derive the ‘FireCCI_RD_169065_20140712_20140720> BA reference file (c) at WRS-2 Landsat 169-065 path-row (E&t,/[ Eliminado: e
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| Africa). Time period between both images is 8 days: from 12 June to 20 June 2014. Only the land surface that burns between the /,,/»{ Eliminado: distance

835 two dates is classified as burned, while burned scars in the pre-fire image are assigned to the unburned category. Unobserved pixels

on either pre- or post-fire image due to the presence of clouds, cloud-shadows, SLC-gaps or smoke plumes are classified asyio-data. /,,/»{ Eliminado: No

.unburned
t1t2t3 | no-data

Figure 3: Schematic process of long unit reference data generation. Consecutive image pairs are selected from the multitemporal
image series at same location (left: Landsat-8 RGB (7,5.4) images time series) to derive the correspondent short unit reference data
840 files (e.9. Image to and ti to obtain the reference data to-t1). From the union of the different short units we generate the long unit
reference data (right). The long unit to-ts includes all the burned scars that occurred between the first image (to) and the last image

interpreted (ts), burned scars from the first image (to) are not included or mapped. Unobserved areas in any of the images are labeled
as no-data in the final long unit reference data. Colours (orange-t1, red-t2, brown-t3) represent the dates in which the burned area

patches were observed.

845
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| Figured: Spatial distribution of the reference sites for FireCCI global (2008) dataset. The legend shows the temporal distance (days) /,,/»{ Eliminado: 3

between the pre- and post-fire images used in each validation site for the year 2008.
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855

Figure 5: Spatial distribution of the validation Thiessen scene areas (TSAs) for FireCCI global (2003-2014) dataset. The legend
shows the total number of reference data files generated for each TSA between the period 2003-2014.
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Figure 6: Spatial distribution of the reference sites for the FireCCI Africa (2016) dataset: (a) number of short units interpreted in
each validation site and (b) temporal length of the long units.
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Figure 7: Spatial distribution of the reference sites for FireCCI Africa S2 (2016) dataset. The legend shows the temporal distance
860 (days) between the pre- and post-fire images used in each validation site for the year 2016.
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Figure 8: Spatial distribution of the validation Thiessen scene areas (TSAs) for CONUS Landsat Burned Area (1988-2013) dataset.
Modified from Vanderhoof et al. (2017). Reference data were generated for each TSA in each of the six sample years (1988, 1993,
865 1998, 2003, 2008, 2013).
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Figure 9: Spatial distribution of validation sites for NOFFi Greece (2016-2018) reference dataset based on Sentinel-2 tiles. The orange
figures above show the number of images used in each validation site for each year, whereas the yellow ones below show the temporal

length (days) of the reference data files generated in each validation site.

Table 1; Example of the standard attribute table of the reference shapefiles.

category preDate postDate prelmg postimg path | row | year area
3 1988-07-05 | 1988-10-25 | LT50150351988187XXX05 | LT50150351988299XXX08 | 15 35 | 1988 | 267043.6
2 1988-07-05 | 1988-10-25 | LT50150351988187XXX05 | LT50150351988299XXX08 | 15 35 | 1988 4557.8
1 1988-07-05 | 1988-10-25 | LT50150351988187XXX05 | LT50150351988299XXX08 | 15 35 | 1988 20433
1 1988-07-05 | 1988-10-25 | LT50150351988187XXX05 | LT50150351988299XXX08 | 15 35 | 1988 9004

22

,/[ Eliminado: 1




Table 2: Datasets included in the Burned Area Reference Database. CCl: Climate Change Initiative, CONUS: contiguous United
States, NOFFi: National Observatory of Forest Fires, TM: Thematic Mapper, ETM+: Enhanced TM, OLI: Operational Land

Imager, CEOS-LPVS: Committee on Earth Observing Satellites-Land Product Validation Subgroup

Sampling, SS: Systematic Sampling, NPS: Non-probability sampling.

SRS: Stratified Random

. Source Sampling CEOS-LPVS
Dataset Project Years Extent Imager Method Stage Reference
FireCCl global . Landsat TM I
2008 FireCCl 2008 global ETM+ SRS 3 Padilla et al. (2014)
FireCCl global . . Landsat TM .
2003-2014) EireCCl 2003-2014 global ETM+. OLI SRS 3 Padilla et al. (2018)
FireCCl Africa . . Landsat .
(2016) FireCCI 2016 Africa SRS 3 Padilla et al. (2018)
2016 FireCCI 2016 Africa ETM+. OLI SRS 3 Padilla et al. (2018
FireCCl Africa . . Sentinel-2 .
S2 (2016 FireCCl 2016 Africa MSI SS 1 Unpublished
Landsat
%{;ﬁ?ﬁ;m Level-3 %‘%‘ United Landsat TM SRS 2 Vanderhoof et al.
(1988-2013) F)Sr(;glr}gtes 2008 2013 States ETM+, OLI = - (2017;2020)
NOFFi Greece . Sentinel-2 .
2016-2018) NOFFi 2016-2018 Greece MSI NPS 1 Unpublished
890
Table 3: Summary of the total area (km? of the 3 mapped categories (burned, unburned and no-data) and percentage of each
category respect the total area mapped for each dataset. Additionaly, the total land surface and percentage respect the total area
interpreted is provided. The region extent and the total number of reference files included in each dataset is also indicated.
Dataset Redion extent Reference Burned Unburned No-data Land surface  Total area
=== e e Files (#) (km?) (km?) (km?) (km?) (km?)
. : p
FireCCl global "Si"emrgftreesf;:f 105 2380226 155803169 18176184 167962766 ;.0 i0c 10
L7 central regions fitis) 1704499.19
(2008) without SLC-off aaps (1.35%) (88.35%) (10.30%) (95.19%)
without SLC-off gaps
FireCCl global 27692.96 516396.61  174591.03 674926.47
2003-2014) 30x20 km 1200 (3.85%) (71.85%) (24.29%) (93.91%) 71868059
i 8398.07 474349.56 147821.16 576181.91
EireCCl U sox0k 1052 (13306)  (1523%) (23.44%)  (9L37%)  030968.80
rica X m
2016 3663.84 11562.91 8081.50 20737.37
28w 50 (1572%)  (49.61%)  (3467%)  (88.97%) 23308.25
FireCCl Africa S2 55583.10 454013.51 117317.47 616483.40
(2016) 110x 110 km 52 (8.87%) (72.42%) (18.71%) (98.34%) 626914.08
CONUS Landsat 5 7.8 complete 622645 4308711 91838218  4251639.569
Burned Area scene 168 (0.12%)  (82.33%)  (1755%)  (8L2dw) 025381962
(1988-2013) = - . . *
NOFFi Greece 398.62 105865.87  303640.87 129072.703
2016-2018) 110x110 km 34 (0.10%) (25.83%) (74.08%) (31.49%) 409905.36
895
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Eliminado: BrFLAS: Brazilian Fire-Land-Atmosphere System,
BAECV: Burned Area Essential Climate Variable




900 Table Al: FireCCl global (2008) stratified sampling data. Distribution of sampled (nh) and total

areas (TSAs) by biome and BA stratum. BA: burned area.

opulation (Nn) Thiessen scene

Biome

Number of TSAs sampled (nn)

Total number of TSAS (Nn)

High BA stratum

Low BA stratum

High BA stratum  Low BA stratum

Boreal forest

Mediterranean forest

Others

Temperate forest

Temperate grassland & savanna
Tropical forest

Tropical & Subtropical savanna
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215 857
28 113
559 2148
178 704
160 637
174 696
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Table A2: FireCClI global (2003-2014) stratified sampling data. Distribution of sampled units (nn) and total

biome and BA stratum. H: high, L: Low, BA: burned area.

opulation (Nn) by year

Biome 2003
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Population L BA 26124 24516 24402 24702 24697 23761 26517 25079 24804 17071 23684 25603
Tropical forest

Sampled H BA 5 5 5 4 5 3 4 6 3 4 4 4
Sampled L BA 2 2 2 2 2 2 2 2 2 2 2 2
Population H BA 2433 1909 2052 1825 1701 1272 1731 1642 1548 1435 1210 1231

Population L BA 43609 42228 42188 40038 41325 41673 41109 41137 40775 27552 38253 40208
Tropical & subtropical savanna

Sampled H BA 61 62 55 50 55 60 61 60 50 64 55 62
Sampled L BA 9 8 16 18 14 11 10 10 13 9 10 7
Population H BA ~ 4662 4673 2974 2153 3559 3646 3727 4660 3119 3195 3496 3918
Population L BA 22878 22496 24916 25124 23098 23049 22997 22343 22503 15632 23228 26382
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Table A3: FireCCl Africa (2016) stratified sampling data. Distribution of sampled long units and total population by biome and
stratum. BA: burned area.

Biome Number of sampled units (nn) Total number of units (Nn)

High BA stratum  Low BA stratum High BA stratum  Low BA stratum
Mediterranean forest 2 2 22 120
Others 2 2 20 549
Temperate grassland & savanna 2 2 24 82
Tropical forest 2 2 96 220
Tropical & subtropical savanna 32 2 393 709

Table A4: CONUS Landsat Burned Area (1988-2013) stratified sampling data. Distribution of sampled and population Thiessen
910 scene areas (TSASs) by biome and stratum. Each sampled TSA was then sampled for 5 separate years; however, high/low BA stratum
was determined from 2008, alone. Total number of TSAs is calculated for the contiguous United States (CONUS). BA: burned area.

Biome Number of TSAs sampled (nn) Total number of TSAs (Nn)

High BA stratum  Low BA stratum High BA stratum  Low BA stratum
Temperate forest 6 5 45 179
Mediterranean forest 2 1 2 10
Temperate grassland & savanna 2 3 25 99
Tropical & subtropical savanna 2 2 2 5
Xeric/desert shrub 3 2 17 66
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