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Summary
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datasetln addition,the validation of the product with the reference BARD database and
the intercomparsonwith the available BA producis also included
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1 Introduction

Currently there are a variety of burned area (BA) products obtained from satellite data,
among others: FireCCILT11 (Otén et 2021), FireCCI51 (Lizundiboiola et al. 2020),
MCD641 and MCD45A1 (Giglio et al., 2018), GFEDAiglio et al, 2014. Most of the
global BA products currently available have a relatively short time series (2000 to
present). In spitef that,theFireCCILT11datasespans from 1981 to 2018Ithough his
product has been obtained from AVHRR imagery which suffers of low radiometric and
geometric quality (MacGregor and Gorman 1994; Weber and Wunderle 2019).

Apart from differencesn thetemporal extent of #sse products, there are discrepancies

in the estimates they provide for the same area and time period. This uncertainty is due,
among other factors, to the coarse spatial resolution of the global BA produdisdut

to the lack of longterm BA time serie (Chuvieco et al., 2019). In addition, a temporal
extension of 22 years is not long enough for some end users, as for example atmospheric
and carbon modellerbut many times also for the climate community in gendifak is

the reason why the Global @late Observing System (GCOS) recommended extending
the available BA datasets, based on sensors launched around 2000, backwdreBosthe
(GCOS 2016).

The availability of diverse products poses challenges in terms of data integration, cross
comparison, ad temporal consistency. Achieving homogeneity across these products is
essential for creating a seamless and accurate historical record of burned areas, which is
invaluable for scientific researckxtending the homogenization process backward in
time is equally important for researchers seeking to build Hemmn datasets for trend
analysis and climate change studies. However, this task may be challenging due to the
lack of consistent and reliable historical satellite data.

It is possible to find some wioin the literature that address this issue. Perhaps the most
representative is (Giglio etl.a 2010). In this work, a global, monthly BA product
aggregated to O®Spatial resolution for the time period July 1996 through-2til9was
developed.That BA series was compared to sorather global burned area products
(GFED2, L3JRC, GLOBCARBON, and MODIS MCD45A1) and found substantial
differencedn many regions.

The mainobjectiveof the FireCCl projectis to generata global singlelong-termtime
seriesof BA called FireCCIM10spaning from 1982 to 2018 and withnaaccuracyat
least equal to the current available produststhis momentthe two main grid global
BA productsdeveloped by FireCCare FireCCILT11 (Oton et al. 2021), whiclwvas
developed fromAVHRR-LTDR datg spanning from 19820 2018 and FireCCI51
(LizundiaLoiola et al. 202Q) which is based on the Moderate Resolution Imaging
Spectroradiometer (MODISAnd covers the period from 2001 to 20Both have a
version with a resolution of0.25 degees. Moreover, the NASA grid BA product
MCDG64CE6 is also available at the same resolutiod time frameThe FireCCIS311
(Lizundia-Loiola et al. 2022) BA product, although producing better results than
FireCCI51, only starts it time series on 2019, owsite scope of this analysis.

Thegeneration of th&ireCCIM10productwas split into two phases: (1) the integration
of the aforementionethreeproducts for the period 22018 (MODIS period), and2)
thebackward estimatin for the period 2000 down to 1982 (AODIS) and 20012018
(MODIS era) To drive the generation process, a databatie a higher accuracy, used
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as a validation dataset for different BA products, was used to train the algqiARB,
(Franquesa et ak022)wasused.

As other FireCCBA products, the resulting FireCCIN productincludes maps of the
global burned aredevelopedndtailoredfor useby climate,vegetationandatmospheric
modellers as wellasfire researchersr fire managersnterestedin historical burned
patterns.This dataset covers the period 1988, complementing and extending the
temporal range of the previous BA products developed by the FireCCl project. This
productis a GRID burned area product at a resolution .@b0degrees.

The methodologes proposed and implemented to generate this produmbth phasesare
described irthis document.

2 BA Algorithm Description

The objectiveof creating the FireCCIM10 algorithm has been to generate a model capable
of estimatindgong BA time serie§19822018)with higherprecisiornthan the BA products
available for the twoperiods consideredFor that, different strategies have been
investigatedor each period

2.1 General Scheme

Figurel andFigure?2 illustratethe two phasesonsideredn our methodology Different
stratg@ieswereneeded for each period or phase.

FireCCILT11

MCD64A1 C6 >

:
:
;
:
.
' ]
.
! FireCCI51 ;
5 ]
. .
.
- ]
1980 1985 1980 1995 2000 : 2005 2010 2015 2020
.
i
. .
.

Iy

7 Single merged series A

Vi

Figure 1: First phase for the generation of sindteg-termmerged series of BR001-2018)

FireCCILT11

1 /Single merged series of BA data '

i
' I
| 1980 1985 1980 1985 20001 2005 2010 2015 20‘20

Single long-term merged series of BA data

Figure 2: Second phase for the generation of sifgtertermmerged series of BE9821993, 19952018)

2.2 Input Data



2 Fire_cci Ref.: Fire_cci D2.3 ATBEMERGED vAi.
(““‘ fire Algorithm Theoretical Basis Issue 1.1 Date 1807/2024
-C Document- MERGED Page 9

Thethreemain inpusfor the process to generate thisrgedBA datasein the first phase
have beenFireCCILT11 (Oton et al. 2021)developed fromAVHRR-LTDR data
spanning from 198® 2018 FireCCI51(LizundiaLoiola et al. 202Q)whichis based on
MODIS, available from 2001to 2020, and MCD64CMQ (Giglio et al., 2020)also
developed from MODIS Collection 6 and with a temporal extension of 20 (2208
2020).Thelast products distributedas a grid producderived from the MCD64A1 pixel
product) andthe twofirst BA products are distributed at two different spatesolutions
(pixel and grid) The spatial resolution of the pixel versioissdifferent for the two
productsasshown inTablel. Only the grid products have the same spatial resolution of
0.25 degrees.

Tablel: Spatial resolution of BA products

Burned Area Products
Spatial Resolution| oo 11 FireCCI51 MCD64CMQ
version
Pixel 0.05° 0.0002246°9 250 m) -
Grid 0.259 0.259 0.2%

The grid products are global produtisit aggregate for each cell the BA values of the
pixels that belong to such cebetails ofhow aggregation is don@r each of the input
BA productsare included irLizundia-Loiola et al.(2018 andOtén and Chuviec021).
Accordingto the description atheFireCCI51 andrireCCILT11 productghereis agood
geometric overlapetween them.

2.2.1 FireCCl Burned Area Products
2.2.1.1 FireCCI51grid burned area product

MODIS FireCCB1 (LizundiaLoiola et al. 202pis a BA product based on MODIS data
and developed withinhe FireCCI project fttps://climate.esa.int/en/projects/firddst
accessedin November 2023). This product covers the period 2062020 and
complements and extends the temporal range of tiveopseBA products developed by
the FireCCl project: MERIS Fire_cci v4.1 (FireCCl41, Chuvieco et al. 2016), which
comprised the 2008011 period, and MODIS Fire_cci v5.0 (FireCCI50, Chuvieco et al.
2018), which comprised the 20@D16 periodFireCCI51 isprovided as a global and
monthly dataset at two different spatial resolutions: 250 m at pixel resolution and 0.25°
at grid resolution. For generating&CCIM10, only the grid resolution product has been
used. Although the grid version of FireCCI51 includes different layers, only the total
burned area associated with each cell has been used to generate Fir@CCIM

A complete description of tHareCCI51 productas well as its characteristics, is included
in LizundiaLoiola et al. (2020) and Pettinari et §2021).

2.2.1.2 FireCCILT11grid burned area product

FireCCILT11 is a BAdatasetbased onLTDR-AVHRR data (Otén et al. 2021)Its
temporal extensignfrom 1982 to 2018, doubles the time series of the previous BA
producs developed within CCI. FireCCILT11 also addsadditionalyear of coverage
(2018) to the previous Beta version FireCCILT0A6N et al. 2019)using an improved
algorithm thataddressesany of the issues found in that versidwo global monthly
products at different spatial resolution are available htifps://climate.esa.int/en/
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projects/fire/ last accessaed November 2028 pixel files at 0.05° and grifiles at 0.25°.
For generatingrireCCIM10, only thelatterproduct has been used.

Despite the long temporal extension of this product, given the quality limitations of the
images from which it has been generated (low radiometric and geometric quality and low
spatialresolution),there is aneed to generate other products with the samgoral
extensiorthat avoid or at leastinimizethese limitations (MacGregor and Gorman 1994;
Weber and Wunderle 2019).

2.2.1.3 General characteristics of ti@reCClI grid BAinput products

Thetwo sourcalatasetgenerated byhe FireCCl project AreCCILT11 ard FireCCI51
are in geographicaloordinatesasis the merged producbeing the unit of analysis afl
theseproducts the standard tile

FireCCI BA producs include different layersithe sumof BA, the standarderror of the
burnedarea,the fraction ofournable areahe fraction of observed areand the sum of
burned area of each land cover classrief description of tese layers is included next
(Chuvieco et al, 201 Pettinari et al., 2021)

1 The sum of burned are&acomputed by identifying fogach target gridell theburned
pixelsfrom the pixel product located inside the grill andaddingtheir areasThe
unit of this attributas m2.

1 Standarderror isalso computed asn aggregatiorof the confidencelevel of each
sourcepixel. It is alsogivenin units of m2.

1 The fraction of burnable aréBBA) takes valuebetween 0 and. A cell with avalue
equalto 1 indicateghattheentireareacoveredy thecell consistof burnablepixels
while avalueof 0 indicatesthat no sourcepixels of thearea covered by the celte
burnableThis variables unitless

1 The fraction of observed aréBOA) is given as a unitless value between 0 and 1,
where a celValue of 1 indicates that the whole burnable area covered by the cell has
been observedyhile avalueof 0 indicates thaho sourcepixelsof the burnablarea
coveredbythecell have beepnbserved.

1 The sum of BA in each land coveurnedclass allows discriminatinop eachgrid
cell the different land covemaffectedby thefire.

Chuviecoet al. (2017) provide aomprehensivelescription of the process to generate
each of thestayers.

2.2.2 MCD64CMQ Climate Modelling Grid Burned Area Product

The CMQ burned area product is a monthly gridded summary intended for use in regional
and globalmodellig. The MCD64CMQ files follow the standard MODIS product
naming convention. Each data layer has 720 rows and 1440 cotbatnsomprisea

global 0.28 grid. Thecentreof the upper left grid cell is located at longitude 1799875
89.875N. One data layerds an additional dimension (i.e., itttreedimensiongl as
described below.
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Each product file nominally contains four data layerBurnedArea, QA,
UnmappedFraction, and LandCoverDesich stored as a separate HDF4 Scientific Data

Set (SDS) (last accesseoh December 2023)

1 BurnedArea: Monthly area burned. The scaled value stored in this SDS must be
multiplied by a factor of 0.0fio obtain burned area in hectares.

1 QA: 8-bit quality assurance bitfield. O=water, 1=unprocessed [2npliocessa
land.

1 Unmapped Fraction: Combined spatial and temporal fraction of the unmapped
land area within each grid cell. Specifically, this quantity is the average number
of days that could be mapped during the-oranth product period ovel 500
m land grid ells falling within each 0.Z%oin, divided by the number of days in
the product calendar month. The resulting proportion is expressed as a percentage.
Unprocessed land grid cells (see QA lagieove) will have amnmappedraction
of 100%.

1 LandCoverDistA breakdown(to the nearespercent)of the areaburnedin each
grid cell by the 16 differentUMD land coverclassesvailablein the Collection6
MCD212Q1land coverproduct. These classase shownbelow. Thenumber in
each rowis the index into the specific plane of the threedimensional
LandCoverDistarray that contains thepercentageof the areaburnedfor the
correspondindand covertype.

0 water 8 woody savannas

1 evergreen needleleaf fores 9 savannas

2 evergreen broadleaf forest 10 grasslands

3 deciduous needleleaf fores 11 Permanent wetlands
4  deciduous broadleaf forest 12 croplands

5 mixed forest 13 urban and buitup

6 closed shrublands 15 barren

7 open shrublands 16 unclassified

TheNASA MCD64CMQproductis in sinusoidal projection. Thateans thathe NASA
datamustbe reprojected to geographical coordinates.

2.2.3 Burned Area Reference Dataset (BARD)

BARD is a public database created from current prodbgtslifferent international
burned area projects. It contains more than 2600 files from Landsat and S2ntinel
images. This product arises from the need to validate new products generated in the field
of remote sensing of burned areas. It amobe used aseference data to train and test

the performance of netwurnedarea algorithms.

! https://lpdaac.usgs.gov/documents/875/MCD64_User_Guide_V6.pdf
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BARD includes different dasetsfrom different productgindicated with the name of the
project that financed its development, their geographical extent, and the yeahsctor w
the reference datasets were createn@CCl global (2018), FireCClI global (20@814),
FireCCl Africa (2016), CONUS Landsat Burned Area (1:2883), NOFFi Greece
(20162018) and C3S global (2022019).

The description of this database is provided-nranquesa edl., (2022, and the data is
available at https://edatos.consorciomadrono.es/dataverse/BA[RSt accessed on
March 2024)

Other input data used in the generation ofédbemadion models have been the NDVI
provided by the monthly MOD13C2 prodé¢last accessd onDecember 2023Vith a
resolution of 0.09 as well as the biomes scheme proposedison etal. (2001)

2.3 Pre-processing of the input data

Prior to the use othe BARD as the ground truth of our studypeeprocessin@f this
databasevasneededDue to the differencen spatial resolution of the BARD products
and the BA products (sdggure 3), aspatialadjustmentwas requiredo be able to use
the databasas validation datand, moreoverio better approach theomparisonto
reality.

Figure 3: An exanpleof theintersection of BARDvith grid cells. Some parts shaWwat thereare some cells that do
not cover all the grid area.

To accomplish thiseach grid ceNvaslabelledwith a number to be able to identify them.
Then, the difference BARD products got intersected with the BA areagtgjand the
BA calculatel for each cell of the gridzigure4 a), showsthe number of grid cells that
intersect with BARD for each product and year. But radtthese cells will be useful for
training and validation of models. It is necessary to find those that completely cover a
grid cell and whose category is not "no data" (no observable zome syme products
water zones). Only cells that meet both criter@eused to generate the rul®gith this
processpnly 2564 cellgemainedFigure4 b) for further processingSome of thareas
without dataare unburnable zones, so a mask was appliedtegorisgehose areas as
areas withoutlata or withno burnable areas. This new categbejpedto avoid losing
more informationasit was then possible tasethe cells where th@o-datainformation

is categoriseésnotburnablewhichincreaseshe number of total cells that could be used

2 https://ladsweb.modaps.eosdis.nasa.gov/ missants measurements/products/MOD13C2# overview
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to 3484 cellgFigure4 c). Trying to find more cells that could be usedh additional
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strategy was uset eliminate areaslassifiedas'no data'This strategyooks for small
areas thatannotberegisteredoy the sensor, and these areas will get the same category
as theneighbouringoolygons increasing the number of cells to 40&g(re4 d).

Number of grid cells each BARD product have per year

Number of grid cells each BARD (%area=100 & %noData=0)
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Figure 4: Number of cells that intersect with BARD for each product and yeakll @gells intercepted(35318). b)
Number of cells afteapplying theselection criteriag2564) c) Number of cells aftaapplying thdand mask (3484). d)

Number of <cell s

Finally, and considering the ecoregions define®ison etal. (2007), only those cells

after

eliminating

t he

smal |

finon

dat ao

thatcorrespond with onlpne ecoregion have been selected. Leading to 2648 cells that
can be usgin the generation and validation of the modElgure5).

ar
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Figure 5: Distribution of cells by ecoregion and year.

After the preprocessing and selection process described before, a total of 1816 cells are
available forthe period 2002018 These cells havieeenused to generate and evaluate

the burned area estimation modé&gure6 represents the distribution of the number of
cellsagainst thBA extension. Most of tam have durnedarea smaller than 122 Km

These BARD data have been spiiio training and testing sets. The training set consists

of 1123 cellsfor the years 2008 and 201&hese years have been selected for training
because ahe distribution of ecagions. Te testing set includes 693 cells for years 2003,
2013, 2016 and 2017.

Total cells: 1816

Burned cells: 886
No burned cells: 930

606

600

200 A

100 4

0
0.0 64.3 128.6 192.9 257.2 321.5 385.8 450.2 514.5 578.8 643.1
Burn area(km?2)

Figure 6: Histogramof the distributionof cells that correspond tthe burnedarea category886 cells).

2.4 Methodology for Comparison BetweenBARD and BA Products

To evaluate the performance of the models generated for estimating BA values, a
methodology forcomparison oBA estimated by BARD and the modeissdesigned
and implemented.

The comparison betweethe BARD and BA productwas carried out cell by cell.
Thereforethe same cells selected in the BARD are considered in the BA products
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Special attention should hmid tothe temporalspect sincéhe BA products have a
montHy temporalresolution,while the BARD products couldpan fromsome days of
observation to a yeaf.o avoid thisproblem,the evaluatiorwas carried out with the
accumulated BAof the product during theperiod determined bthe BARD. Spatial
distribution differenceamongsBARD and each BA produetereevaluated

2.5 Phase 1 (200€2020)

Among the strategies investigated in the first phase were the training of different machine
learning models, such as decision trees and random fanestg as target selected cells
from the BARD In both cases, the availe information was not sufficient to generate
robust models. Finally, the best results were obtained when manual rules were
established. These manual rules were obtained frdetaaledcomparison betweethne

BA sourceproducts and the ground truth (BARD)

Anincremental and iterative process was carried out for the design of the final version of
the burned area estimation model based on manual fiese manual rulewere
obtained from a deep comparative analysis between the BA values of the sedtisted c
provided bythe BAinputproducts and the BARD datasEtgure? includes thdlowchart

of the final model, where each colour correspaids different version of the model, as
shownin the legend of the figuré\ toleranceof 2% wasconsideredn the analysis

The rules determine for the baseline model (white colokigare7) from the comparison
between thelifferent sources dfurnedareaswvhere:

71 Baseline rule 1 If for the N-burned area products the BA values,ithén the BA
value assigned to this cell is 0. For the available data, the agreement between this
estimate and the values provided by the BARD data was 99.33 % in the training
data set and 98.71 % in the testing data set. The disagreement is due ntlagnly to
BA regions included in the BARD dataset with an extension always lower than
50 km2 and mostly less than 12.5 km2. For the analysis, it is suspected that some
of the error could be produced for the temporal issues commented above, that is,
the month selcted in the dataset does not temporally match the date in the BARD
dataset. To minimise this type of errors, an analysis of the burned area was also
done for all the months included in the BARD observation. For that, the
accumulated value of BA during tipee-date and the posltate is calculated and
we apply the rule directly to the accumulated value. Under this consideration, the
agreement rates increase to 99.81% and 100% for training and testing sets,
respectively. Consequently, the rest of the analysis carried out under this
condition.Table2 summarizeshe results correspondingthe analysis discussed
above for this first ruleAll the errors found by thisule areby underestimation,
where the BARD predict that a small agedsburnedand it is not detected in the
BA products. By this analysis it is concluded that it is better to use the accumulated
burn area for compare with the BARD. The cells used teraene this rulevere
removed for the rest of the analysis at this stage.
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Table2: Comparison results for rule 1

# of correct # of non-correct = Total number of

Dataset % agreement
cells cells cells
Training
514 1 515 99.81%
(accumulated)
Testin
9 244 0 244 100%
(accumulated)
[ Baseline
™ IRE F11: FireCCILT11
- V12 F51: FireCCI51
i EF 11 Error FireGOILT1
V131 FBA: Fraction burnable area
. V132 FOA: Fraction of observable area
V133

BA predict=0

BA 3 productos == 0> "5,

OST-PROCESSIN BA preict

BApredict = BA F51

BA predict = BA
product higher FOA

If FOAF51 & M64 >85 s
> & FOAF11<85

ANDVI >=10.1

BA predict = BA higher
FOAFS51| MG4

Figure 7: Final version of the manual ruldsased BA estimation model

i Baseline rule 2 The estimated BA value will be the BA value provided by the BA
productwith a higher FOA. For thisule, the analysiswill only be made with the
accumulated value during the grarndate and the postdate from the compared cells.
The number otellsavailable tgperformthis analysis was 247 cefisr training and
153 for testingTable3 illustrates a situation where most of the errors are because an
overestimation of the ruleespectto the BARD. Some of theserrors can be
explained by théemporal resolution of the prodscand the BARDwhere the
products have a monthhgsolution, whilehe BARD dependingon which cel) can
be for some days to a couple of months.the other hand, it can be suspected that
this is the reason why the real underestimagiworsare lower.
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Table3: Comparison results for rule 2

Dataset = # of correct # of non % % %
cells correctcells  agreement overestim. underestim.

Training 181 66 73.28% 72.73% 27.27%

Testing 137 16 89.54% 75% 25%

1 Baseline rule 3:If the BA value of one product greatethan85% of the total grid
area, then the predicted BA value will be this BA valteenumber otcells available
thatmetthis condition was very low. In fact, only 6 cells for the training dataset did.
For 5 of hem, goodoredictionswereobtained but there is one where the error was
very high. This errowasanalysedand itwasproved that the error appediscause
of a temporal problem between the BARD and the BA products. Accorditigeto
BA pixel product, tle date ofappearancef all burnedareas was before tluatein
the BARD dataset.

1 Baseline rule 4:Selection of the maximum aninimum value of théBA product
depending on the variation of NDVAN analysisof how the difference in the NDVI
affectsthe selectiorprocessvasconductedThis analysisvasdone for the training
BARD reference cell (2008, 2018) where not all products predict 0 and where more
than a product have a FOA higher than 85 or none of them have a FOA higher than
85. The results fothis analysisare representedn Figure 8. This figure shows a
differentbehaviourfrom selecting the maxnin, and middle BA against BARD with
the biggest differeremadewhen N D Vsl higher than0.1 and lower than 0.1.
Therefore to betterunderstandhis behavour, catplotrepresentatiosiwere created
to analysewhich selection is better for each case whemgiie D V6 Ihigher than 0.1,
is lower than-0.1 or in between-0.1 and 0.1(Figure 9). Considering that a low
variability is desirable,rom Figure9, it can be concluded that whgnN D Y6 lower
than-0.1 is themaximumvalue ofBA whichmustbe selectedvhile, in the case that
-0.1<pN D ¥011, even thougmoneof the values (max, min, middle) provided a
good adjustment with the BARD BA values, since there are 248 cells tfrem
selection ofmiddle BA that predict better against the 180 cells thatk better
selectingmax, it is decided to use the selectiontioé middle value.




Date 18/07/2024

0.3

min
max
middle

BA selection
. min
B max
0 middle

Fire cci Ref.: Fire_cci D2.3 ATBEMERGED vAi.
Algorithm Theoretical Basis Issue 1.1
Document- MERGED Page 18
k]
® . L ]
400
g
g 2004
£
<
o
|
a 04— ese oo a2 ee e L
o ®
<
o
<
g
—200 1
@
-400 1
-0.2 -0.1 0.0 0.1 0.2
ANDVI
Figure 8:_Scatterplot shogthe difference between BARD BA values and selecting max, min or middle BA depending
on the @NDVI
300 T
H
400 4 +
200
8 3 2001
E 4 = ¥
3 1007 4 BA selection % _8 —
g = min & o I —
| B max nl:l — N
[a] 0 0 middl.
g middle g—zou- !
< & + ¢
o <
= -100 2 —~400 4
—200 4 —600 4
. ¢
<-0.1 (-0.1,0.1)
A NDVI A NDVI
10 4
L
o
3
% -10
BA selection
% ¢ B min
| L} B max
g —20 B middle
o«
3 .
<C
[2a]
=30
¢
—40
¢
)6,1
A NDVI
Figure9: Cat pl ot s comparing BARD BA

®@NDVI >0. 1.

v al uelsl-Ca.glad @DV It <h0e. 1BaAn & e |



: Fire_cci Ref.: Fire_cci D2.3 ATBEMERGED vAi.
("‘“‘ fire Algorithm Theoretical Basis Issue 1.1 Date 1807/2024
Document- MERGED Page 19

For the incorporation of new rules to upgrade the different versions, similaremnabyre
carried out. Only thedescriptionsof the new rules inclugtdl in each version are
summarisedbelow.

1 V1.1: Add newrules wherthe FOA ofFireCCI51 and MCD64CMQ argreater
than 884, andthe FOA ofFireCCILT11 is lower than 8. If N D ¥:0.1, use
max(BA_F51, BA _M64); if qpNDX0l1, use min(BAF51, BA_M64);
otherwise, use the product with the higher FOA.

1 V1.2: Modify the rule when0.1 <goN D ¥ 0.1. If all products have a FOA higher
than 896, the product with the higher FOA selectedunless FOA_F51 > 95,
in which casethe seleced product wagireCCI51.

1 V1.3 For the selections made by tipN D Ydtween0.1 and 0.1, whethe FOA
of all producsis greatetthan 856, or when FOA_F51 and FOA_M64 ayecater
than 894, if the cell ecoregion igropical Forestand the cell is in Asiathe
productFireCCI51is selectedlIf the cell is in Africaor in Tropical Forestthe
MCD64CMQshould be used

1 V1.3.1 For the selections made by tgeN D Wétween-0.1 and 0.1, whethe
FOA of all producst aregreaterthan 886, or when FOA_F51 and FOA_M64 are
greater than 8346, if the cell ecoregion is Desert & Xeric Shrublands,
MCD64CMQis selected

1 V1.3.2 For the selections made by tgeN D Wétween-0.1 and 0.1, whethe
FOAs ofall producs are higher than 8%, or when FOA_F51 and FOA_M64 are
higher than 8%, if the cell ecoregion ithe Temperatd-orest,FireCCI51must
be selected

1 V1.3.3 Add ecoregion rules also whéme FOAs ofall productsarelower than
85%.

1 V1.4 Perform noHinear regression between Hotspot and the BA predicted in
v1.3.3.

The perfemance othe models obtained &l versionsvascomparedvith the BA values
provided by the BARDIor the training and testing datasetsnsidering a tolerance of
2%. The total number of training and testing cells used in the evaluatied123 and
693, respectively. The evaluation reswdtgincluded inTable6 and Table7. In these
tables,the number of correct cellgs beerncludedfor the BA of the BARD data and
the BA estimated by theodels, having difference lowethan2% of the cell For the
cellsin which this difference is higher of 242" column), the cells that provide higher
(overestimation)and lower (underestimation)BA values than BARD have been
calculatedseparately3™ and 4" columng. The fifth column includes the percentage of
agreement and in the last two columns, the metric MAE &rthRe been includedin
general an improvemenin performancevasobtained fronone versiorof the modeto
the next except for version v1,4ince in this casthe performance iworse tharthatof
version 1.3.3, whiclvasconsidered the final version.
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Table4: Results of the assessmenthe training phase for the different versions of the estimation model

Version Correct Overest. Underst. % MAE R?

cells error error agreem.

Baseline 926 60 137 82.46 16.227 0.828
V1.1 932 66 125 83.00 14.610 0.862
V1.2 927 71 125 82.55 14.775 0.859
V1.3 927 71 125 82.55 14.710 0.859

V1.3.1 931 72 120 82.90 13.574 0.857
V1.3.2 931 72 120 82.90 13.574 0.857
V1.3.3 931 72 120 82.90 13.574 0.857
V1.4 924 79 120 82.28 14.120 0.850

Table5: Results of the assessmehthe testing phase for the different versions of the estimation model

Version Correct Overest. Underst. % MAE R?

cells error error agreem.

Baseline 550 54 89 79.36 21.879 0.684
V1.1 554 62 77 79.94 20.010 0.739
V1.2 559 60 74 80.66 19.078 0.750
V1.3 559 60 74 80.66 19.210 0.745

V1.3.1 558 57 78 80.52 18.901 0.751
V1.3.2 558 57 78 80.52 18.901 0.751
V1.3.3 558 57 78 80.52 18.901 0.751
V1.4 545 55 93 78.64 22.083 0.700

The estimated BA values provided by this versi@ne alscompared with the BA values
provided for the different source BA products for the training and testing cells. The
comparison results have been included ale6 andTable7. The resultdncluded in
Table6 show that the agreement betweenBiAeestimated by the model corresponding

to V1.3.3 and BARD is the highegiroviding thebest values othe metricsconsidered

in comparison tohe rest othe BA productsduring the training phase. During the testing
phase, the best agreement is provibgdheFireCCI51 productwith a small difference
(0.72)with respect tahe model corresponding to V1.3.3.

Table6: Results of thassessmermf the training phase faheinput BA productsand theestimationmodel.

Version Correct  Overest. Underst. % MAE R2
cells error error agreem.
FireCCILT11 871 111 141 77.56 22058 0.728
FireCC51 928 62 133 82.64 14476 0.866
MCD64CMQ 928 62 133 82.64 16.957 0.775
Baseline 926 60 137 82.46 16.227 0.828

V1.3.3 931 72 120 8290 13.574 0.857
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Table7: Results of the assessmehthe testing phase foiheinput BA productand theestimatiormodel.

Version Correct  Overest. Underst. % MAE R?
cells error error  agreem.
FireCCILT11 480 119 94 69.26 27.778 0.684
FireCC51 563 50 80 81.24 18.781 0.866
MCD64CMQ 551 42 100 79.51 25.281 0619
Baseline 550 54 89 79.36 21.879 0.684
V1.3.3 558 57 78 80.52 18.901 0.751

2.6 Evaluation of the BA estimation model

Once therules correspondintp versionV1.3.3were established as the final ae¢he
global monthly BA product as estimated for the whole period 28Q018.Figure 10
shows the evolutionf BA for the period 200-2018 for thethreesource BA products, as
well as the BA provided by the baseline estimatimdeland the final version of the BA
estimation model\(1.3.3).

Yearly BA
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Figure 10: Accumulate BA for the period 202018

TheMCD64CMQ product provides the lowest BA values foreénéreperiod, while the
new BA product mostlyestimateghe highest value®ifferences between the baseline
model, more similar to the Fire BA source products, and the version da8.De
appreciagd

The same representat®for each of the ecoregiorase shown inFigure 11, where a

similar behaviouto the global analysisan beobservedor most of the ecoregionwith

some exceptions as Boreal Forest and Temperate Savana, where input Fire BA products
providehighest values of BA than the new estimaliesan be also poietithat the time

series corresponding to the product FireCCILT11 overestimate the rest of the products in
several ecoregions, as Mediterranean, Temperate aresTemperate Savanna.
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Tropical Savanna - Yearly accumulated BA
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Figure11: AverageannualBA for each ecoregion

The average monthly BAeriesfor the entire period 20@-2018 forall productsand
ecoregiongonsidered by BA is shown Figurel2 Averagemonthly BA for the period
20002018 Again, the MCD64CMQ product presents the largest diffeseagainst the

rest of the products. The average BA for the whole peisoecluded inTable 8.
Furthermorethese values reflect that the new product overestimates the BA values given
by the rest of the products, whiclannot be considered to be an ersoice different
studies haveshownthat, in general,available BA products underestimate real total
burned area
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Figure 12: Averagemonthly BA for the period 2062018
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Table8: Average BA for the period 20D18

BA product BA (M km2)

FireCCILT11 4.788
FireCCI51 4,621
MCD64CMQ 4,173
Baseline 4,783
V1.3.3 4.975

After the global evaluation of the new B#oduct,a more specific analysis for some
years habeen carried out. In particular, the training year 2008 and the testing years 2003
and 2017Avereselected.

2.6.1 Evaluation of the BA estimation model for the year 2008

First, the 664 BARD cells suscepte to be compared with the estimated produete
analysed. Table9 summariseshe results of the assessment. It shoulghdiated tothe
high agreement, almost0%, and the higher overestimation error versus the
underestimation one.

Table9: Accuracyassessment of the estimated procdgztinst BAROor year 2008

Correct | Overesimation = Underestimation %
cells error error agreenent
598 53(80.30%) 13 (19.70%) 9006

Since the rules have been established based on the trainingpaiedfcells BAREBA
producs, the modebehaviouthas been globally analysed for the training year 2008.
total burned area for each month in 200&l for the three BA products used the
generation of the modahd the new product generatgdsplotted Figurel3: Monthly
BA for BA products(2008). Thetrendfor thenew producfor this year is similar to the
average for thentireperiod. Ithas a similar distribution to the othgroductswith the
biggestdifference inDecemberwhere the modepredicts ahigher BA for that month
than the other productBurthermorethe accumulated BA for the whojear2008was
calculated and thealues arancluded inTable 10. It can be observed that the largest
difference between the new BA product and the source BA prodoatssponds to
MCD64CMQ, whilethere isa better adjustmemtith the FireBA productsthe best with
FireCCI51
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Table10: BAover the year2008

BA product BA (M km?)

FireCCILT11 4,721
FireCCI51 4,919
MCD64CMQ 4.236
Baseline 4.927
V1.3.3 5.199

Moreover, the distribution of the selected cells for each prodastnalysed, andhe

resuls are shownn Figure14. This graph justifies the best adjustment @& tlew BA
product with theFireCCI51 productAnd also, that FireCCI51 product has the best
adjustment with the BARD database of the BA source products used to generate the
estimation model.

Number of cell selected from each product by month - 2003
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Figure 14: Monthly number of cellselected from each BA product (2008).

ells

The previous analysisvas also performedor each ecoregionkigure 15 shows the
comparison of thenonthly-accumulated®A for each of the ecoregions
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Tundra - Monthly accumulated BA
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Figure 15: Comparison amon@A products of the monthly BA for ttiéferentecoregions (2008).

The graphs in Figure 15 show that the trend of the new BA product is similar to that of
the source BA products, with some exceptions. As already mentibmedore similar

to the FireCCI51 product, showing the biggest differences with the FireCCILT11 product,
which shows a very different behaviour to the set of products in particulaofoe
ecoregionsilediterraneanRock&lce andTundra) and month

The results of the comparative analysis between BARD data and the BA values estimated
by v1.3.3areincluded inFigure 16. Figure 16 a) showsthat for most cells a small
deviation of less than 25 Knoccur As mentionedabove,only cells with a higher
differencethan2% of the total area are considered as error in the prediction. Then, 57
cells areconsideredailure in the prediction from a total of 628 cells (9.07%) and 571 are
consideredits (90.93%). For the failurazlls 46 casearedue tooverestimation of the
model, wheran 11 of them the BARD covemore than one month amal 35 cases the
BARD cover less than a monthhere are alstl cases dhilure due taunderestimation.

Distribution BARD and Prediction BA - 2008

Difference between BA prediction and BARD - 2008 7004 .

y = 1.80x + 2.40

v1.3.3 burned area (km?)

RMSE= 43.59
Sb 160 15;0 260 2.")0
BARD burned area (km?)
a) b)
Figure 16: a) Distribution of thedifferencein thenumberof BAcellsprovided by the BARD database and estimated
by the new produdor year 2008b) Scatterplot between BA providegltheBARD database against BA estimated
by the new pduct.
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2.6.2 Evaluation of the BA estimation model for years 2003 and 2017

The year 2003 is onaf thetest year®f the BARD with more cell$204) susceptible to
be usedso it is one of the best yearsatmalysehe product. However, it should be pointed
that it only contains data for the UniteStatesof America so it will not give us a
worldwide information of the new BA product. Regarding the year 2889 cells) it is
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the only year for the BARD database thasglobalinformation,and it could be usedsa
a test data. Perhaps thigybe the reason why the percentage of agreement is much lower
than for the year 2008 and 2003.

Tablel1l: Accuracy assessment of the estimated product against BARD for years 2003 and 2017

Year Correct = Overesimation | Understimation %
cells error error agreenent

2003 195 7 (77.78%) 2 (22.22%0) 95.59

2017 253 41 (35.3%%) 75 (64.66%) 68.56

Figurel7andTablel2, includethe monthly accumulated BA and the ygaccumulated
BA, respectively, for the years 2003 and 204 &imilar trendthan the onebtained for
theyear 2008 can be observed.
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Figure 17: Monthly accumulated Bfor BA products for the years 2008) and 2017(b).

Table1l2: Year accumulated Bfor the years 2003 and 2017

BA product BA(Mkm? = BA (M km2)

2003 2017

FireCCILT11 4,908 4.547
FireCCI51 4.834 4.416
MCD64CMQ 4.377 3.885
Baseline 4.990 4.543
New product 5.160 4754

Furthermorethe monthly accumulated BA for eaehoregiorfor the two testing years
has been plotted for the source BA products and for the baseline and version 1.3.3. The
plots are included irFigure18.
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Figure 18: Accumulated monthIBA for theyear 2003(a), and fortheyear 2017(b).

In Figurel8, aconsistenbehaviour for years 2003 and 20ddmpared to that dhe year
2008 can be obserd. The results of the comparative analysis between BARD data and
the BA values estimated by v1.38 years 2003 and 20H&reincluded inFigurel9. The
results obtainedbr 2003 are very similar tthe onesbtained forthe year 2008Figure

19 a) shows that fomostcells a small deviation of less than 25%aecus. However,
theresults showed for year 201Figure 19 ¢ and d) are slightly different, appearing a

large number of cell with higher differences between the BARD and the BA eshynate
V1.3.3.
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Figure 19: Distribution of the differenca thenumberof BAcellsprovided by the BARD database and estimated by
the new product for years 2003 (a) and 2017 (b). Scatterplot between BA proyittesBARD database against BA
estimated by the new product for years 2003 (c) and 2017 (d).
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2.7 Phase 2 (1982018)

As illustratedin Figure2, the aim of the second phase is to generate a domgigerm
series of BA with a temporal extension from 1982848 Therefore, after developing
theshortmergedseries v1.3.3 for the years 200018, it is necessary to extend it back.
Now the main goal is to develop a methodology #imws usto generate the final BA
product, FireCCIM10. Inspirey the product GFED (Giglio et al., 2010), we decided to
use asnput data the only BA product available for the period (18829), FireCCILT11

as well aother datasstwith long time series oflimatic information suclas theERA5-
Land monthly dataséand Fire Danger IndéxThe lastwo data sethave proved in ti
first phase to beseful for the prediction of the BA value.

To generate thisinal, extend series from 1982 ®018,it was firstproposed to use
regressiommachine learningnodels that can establish the BA value for each cell using as
input the datasstmentionedbefore and FireCCILT11Since thisinformationwas not
enough for training the regression models for all cellsre complexmodelssuch aghe
random forest regressi¢RFR)were alsaconsidered

Firstly, a local secondegree polynomial regression waerformedusing the BAvalues
from FireCCILT11 and from the Fire Danger Indesingthe variables KDBI min, FDI
max, DC min, SC mea(seeAnnex 2). Thesefour variablesproved to behe variables
with better performance applying the naghlinear regression.

o 0" | " 6 Y Equationl

Where, 6 6@ representgshe BA value ofi-cell at monthm; and| "‘Qandf Q
represent the model parameters for each vari&bolethe training of the regression, the
BA estimationfrom v1.3.3wasused as target but only the BA datawhen theFOA is
higher than 80%vere considered for trainingln addition, it should be notedatthe
minimum number of value® perform the training of the regression éaichcell andfor
eachmonthis eight Once the regression model is generatkd,estimated BA for the
cell in the preMODIS erafor each month is obtainea well as the ass@tedconfidence
interval.

To explorethe results obtained after applying tmthod,particular grid cellsvere
considered to analyse the corresponding BA long time sé&igase20 shows the long

term BA series estimated by the local regression model for two particular grid cells, for
two different ecoregions (Mediterranean and Tropical Forest) and for the months of
Jaruary and July, respectively. Moreover, in this figure the BA values provided by the
FireCCILT11 and V1.3.3 products, for comparison, as well as the confidence level (CL)
have been included. The geographical coordinates of the cell are included in #ndtfigur

is observedn Figure 20, thatbetterCL is obtained in the MODIS era than in the-pre
MODIS era. It can be observadsothatthereis a not negligible numberf@stimations
thatare lower than zero, which does not have physical meaning. Moreover, for some cells
BA values higher than maximum possible values have been estihateeregression.

In summary,the mainproblemswe have found are: (i) it is not posk to apply the
regression model to all cells, so there is no estimated BA for a large set of cells; (ii) for

3 https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanahg&tand monthlymeans?tab=overview
4 https://cds.climate.copernicus.eu/cdsapp#!/dataset/fiesdsistoricalvl ?tab=overview
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somecells anegative BA prediction has been obtained; and (iii) for some cells the

estimated BA isigher tharthe maximumburnable arafor a ll.
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Figure 20: Long-term BA series estimated by the local regression model for two particular grid cells, for two different
ecoregions (Mediterranean and Tropical Forest) and for the months of July (a) and January (b)

With the aim of addregsg the first problem, it was decided to tranrandom forest
regressiorfor estimating the BA value for the cells that the local regressomsnot
calculate Since firedoes nothave the sambehaviour throughouhe world, there are

places where it is more likely to have &rm Decembertthan inJuly and vice versa;
weather seasons in the northern and southern hemisphere do not follow the same pattern
etc. For this reasondifferent models have been built for ea€ison ecoregon,
hemisphere, and month. Consideringéightburnable ecoregions established by Olson,
(Rock & Ice ecoregiodoes nogetburred, so itdoes not neetb have a modelandthat

the Boreal Forest ecoregion is opisesenin thenorth hemispherdhereis a total ofl5

different ecoregiofhemispheresAs is mentioned before, for each month we will have a
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different Random Forest Regressor, so in the end we will have to train 180 different
Random ForesRegressorsDuring the training phase, the same inpafor the local
regression model (FireCCILT1BA, FOA, FBA), different meteorological variables
provided in the database ERABNd and Fire Danger Indiceajereused. But with the
aim of consideringthe temporal context, the values of these variable® Heeen
considered for three months (previoagirent,and following). The associated output for
each input pattern has been the estimated\BA3J.3) for this cell and month. All these
RFR modelsveretrained for the MODIS era, using as testing the ttatthe years 2003,
2013, 2016 and 2017. Thexere trainedising GridSearchCV to find the best features for
each case. Imostmodels, the featuref the greatesitnportance, by far, is normally the
BurnedArea value from FireCCILT11of the month to be peged (ba_fl11 2)asshown

in Figure21, which shows some examples of the 180 RHfe main problenwith these
models is that they always estimate a small value of BA instead of 0. Twhy iwe
could usuallyfind patches of areas that have a small estimation of BA.
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Figure 21: Resultsof the analysis of thenportanceof the characteristicéor different biomes and montte). Boreal
Forestnorthin January. b) Temperatuigavannan May. c) Tropicafforest northin January. d) Tropicaforest
southin August(seeAnnex2 for avariable abbreviatiorist). Numbersl, 2 and 3 correspond to the previous,

current,and following months.
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2.7.1 Generation of Single LongTerm BA Series

Two differentapproaches have betakento generate the Single Lofigerm BA Series,
which will end with the generation of the final Bfroduct, FireCCIM10. These
approachediffer in which of thetwo previouslyexplainednethodologiesvill be applied

first. In the first approach (SL-I) the main way to estimate the burned area is using the
local polynomial regressiofLPR). In the cells where this regression cannot be applied
because thelis not enough data for the training, the BA value the estimatasnobtained
from the Random Forest Regres@RFR). It was found that for the MODIS period, both
annual and monthly SLTdstimates are very similar to the other products. Meanwhile, in
the preMODIS the BA estimation from SLT1 is much higher, as the annual estimations
in average are close to 12Mkm

Attemptingto improve the estimation, a secaamgproachSLT-2, wasimplemented.In

this second approacRFRpredictionsvereused to estimate the bulk of cells to generate
the time seriesin those cells where it cannot be applied,hageusal de polynomial
regression. In both approaches, tremesome cells, mainly the ones the coast, where
we will still have a null value. This issue is something that witkbatedvhen we decide
which approaclmasa better performance.

A schemeof training the 180 RFR models and the estimation of the BA andisCL
illustratedin Figure22. The same set of features input twatedetermined by the feature
selection procesds used in both processes. During training, the target is BA estirngated
V1.3.3for the current month, and the corresponding ecoregion and hemisphere. After
training, the model is used to estimate the@®®CL of theFireCCIM10 product. Since
these modelsannotestimate the BA values for all cells at any time, tR& is goplied

to them.Figure 22 illustrates this process for training and estimating BA for particular
cells.

As in the previousapproach postprocessing Wi be done to avoid errors in the BA
values, such as negative estimations or predictions higher than the fraction of burnable
area. But the main issue thagtsbeen found using this methodology is the small deviation
that the RFR predictions have when t&#l does nogetburred For most of the RFR
models we will not get a prediction of 0, so it is needed to filtem For this first study

of this approachthe filter was in0.9km2, soall cells where the BA value is less than a
squaredkilometrewill be adjusted to 0.

Figure23shows a smaller disparity amongst the BA values estimated by the new product
and the previous BA products than tbe approach SLT1. Also, it can be appreciated
that the new BA product estimates BA values slightly higher than the other BA products
in the whole time series, except for the case of product V1.3.3 in the MODIS era. This
behaviour is also appreciated wtiee monthly BA values have been represented for the
entireperiod Figure24) and separating the pMODIS era Figure25) and the MODIS

era Figure26).
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Figure 22: First row: BA prediction model basexh theRandom Forest Regressor. a) Training scheme. b)
Generation of the product FireCCIM10 and validation (m: month, e: ecoregion, h:hemisphere). SecoB4 row:
prediction model based dacal polynomial regressiore) Training schemed) Generation othe FireCCIM10

productand validation.

5.5
5.0
E
£
Z45
<
o
4.0
35
I I R © PN DI P DD PP O LD DD O DO 6 AL
L S A S M LS PSR AP IITT TSI I PP 0D S
D7 AT AT AT AT AT DT T T ND S - i S e S S S S S e S S S A e S S S i o
Year
***** FireCCILT11 FireCCI51 -~ MCD64 — SLT2 - V1.3.3
Figure 23: Annual BA estimation SLT2.
Monthly accumulated BA
0.87 | |
0.7- | |
.06 | I | | {
~ | | At
éo.s |
50.4
0.3 IR §
i 1 d i
0.2 ki H I
0.1 v
YO DO PN DD O DN PO PN PSPPI PP OI LA RO O DN D DO 0D
L DD LD PPN PD RS RIS TS LTI N
RN ARIE RS AN R AR R R MRS RS S S R S S S S S S SR S S S O O S S S
Year
»»»»»» FireCCILT11 FireCCI51 -~ MCD64 —— SLT2 -~ V1.3.3

Figure 24: Monthly BA estimatiofi SLT2.



Fire_cci Ref.: Fire_cci D2.3 ATBEMERGED vAi.
Algorithm Theoretical Basis Issue 1.1 Date 1807/2024
Document- MERGED Page 37

Monthly accumulated BA - pre modis

03

BA [Mkm2]
o o [=] o o
B [5,] [=2] ~ [=-]
e
——
i——
S
J——
L
————
[
—
T
I ——
e e——
J—
=
T
—
-c:,_’—): .
—
———
——
H——
——
el
———
——
S
—
—~ c:-‘-‘}
—_—
I——
———
— —_—

FireCCILT11 —— SIT2

Figure 25: Monthly BA estimation prODIS erai SLT2.
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Figure 26: Monthly BA estimation MODIS eiiaSLT2.

By the same evaluation methodology describedSattion 2.6, comparing the BA
provided by the reference database BARD and the source and estimated BA pitoglucts,
new time series estimated bBpproachindSLT-1 and SLT2 has been evaluate@able
13andTablel4 summarisehe results of the comparative assessifarthe MODISera.

Table13: Results of the comparatiassessmerin the training phase fothe BAsourceproducts and estimation
modes in the MODIS era

Training
Version Correct | Overest. Underst. % MAE R? MSE
cells error error | agreem.
FireCCILT11 871 111 141 77.56 | 22.056 0.7279 3726.3345
FireCC51 928 62 133 82.64 | 14.476 0.8665 1827.7B6
MCD64CMQ 928 62 133 82.64 | 16.957| 0.7748 3083.640
Baseline 926 60 137 82.46 | 16.227| 0.8282 2352.9414
V1.3.3 931 72 120 82.90 | 13.574| 0.8575| 1951.80%
SLT-1 923 79 121 82.19 | 14.695 0.8465 2102.7625
SLT-2 896 91 136 79.79 | 19.856 0.7750 3082.1291

From the results, it can be obsertbdtduring the training phasendthe testing phase
SLT-1 presentdbetter performance than St When comparinghe new estimated long

time series (SLI1 and SLF2) with the source BA products, it can be observed that both
outperformFireCCILT11 and provideassessment values very close to FireCCI51 and
MCD64CMQ,with an average agreement rate of 80%. MeanwhileStiie2 approach

for the training dataset (years: 2008 and 2018) had a betfeaviourthan the
FireCCILT11, in terms of percentage of agreement and MAE, but for the testing dataset
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(years: 2003, 2013, 2016 and 2017) the product FireCCILT11 had a betterbitAa
worse agreement than SI2T

Table14: Comparative assessment results in the testing phase for the source BA products and estimatiom models
the MODIS era

Testing
Version Correct ' Overest. Underst. % MAE R? MSE
cells error error | agreem.
FireCCILT11 480 119 94 69.26 | 27.778 0.6842 4583.7895
FireCC51 563 50 80 81.24 | 18.781 0.8665 34728879
MCD64CMQ 551 42 100 79.36 | 25.281 0.6187 5533.6586
Baseline 550 54 89 79.36 | 21.879  0.6842 45833198
V1.3.3 558 57 78 80.52 | 18.901  0.7514 3608.546
SLT-1 535 85 73 77.20 | 21.058 0.7366 3822.9606
SLT-2 501 99 93 72.01 | 29.059 0.6282 5395.2580

Also, an analysis of the performance of these approaches have been done for the Pre
MODIS era, where the BARD only provide data from the Ung¢atesof America for

the years 1988, 1993 and 190&ble 15). As expectedrom the observation from the
SLT-1 time series, the performance of this approach is thevitheheworst resultsOn

the othethand,the resultobtainedfor the SLTF2 approach show a good performante

it during this period with even better results than the FireCCILT11 product.

Table15: Comparative assessment results for CONUS_BA product iM@®IS era (years 188, 1993 and 1998)

Pre-MODIS era: CONUS_BA (USA): 1988, 1992ind 1998

Version Correct ' Overest. Underst. % MAE R2 MSE
cells error error | agreem.
FireCCILT11 439 41 4 90.70 | 3.4544| -3.3920  94.6764
SLT-1 414 66 4 85.54 |24.3541 -0.0469 11861.46
SLT-2 466 15 3 96.28 | 1.9247| 0.2891 @ 70.8775

2.7.2 Confidence level estimation

The confidere level(CL) layer includel in the producEireCCIM10 has been computed
by the method proposed iWagner et al., 2034 using thePython implementation
provided by the library Forestci https://contrib.scikdearn.org/forestonfidence
interval/index.html In this method the jackknifeafterbootstrap and infinitesimal
jackknife (1J) methods (Efron1992 2013) for estimating the variance of bagged
predictorsare analysed demonstrahg that both estimators suffer from considerable
Monte Carlo bias, and propag a bias corrected versions of the methoddwus, it
propossto estimate the varianc€l) by the expressin:

060 o] o]

Wheren the number oftraining samplesand6” 6 £.00° i @ is the covariance

betweery @ and the number of times” the ith training example appears in a bootstrap
sample


https://contrib.scikit-learn.org/forest-confidence-interval/index.html
https://contrib.scikit-learn.org/forest-confidence-interval/index.html
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2.7.3 Conclusion

The resultobtainedshow that for the SL-IL approach we are experiencing an overfitting
with a remarkable performance during the MODIS era, but these results are not consistent
for the preMODIS period. If this inconsistency can be solved, this local regression
approach mighbe a good method to be able to extend the BA s@&ugslue tothe resuls

and the consistency obtained in the BA series from the-Shpproach, thiss the
approach that will beisedfor the generation of the Single Lofi@rm BA Series,
FireCCIM10.As can be seen in the following table, the S2TBpproach had a better
behaviouraccording to BARD for both the MODIS and gwODIS periods than the
FireCCILT11.

2.8 FireCCIM10 Product

As explainedabove 180 different RFR have been trainedobtainthe estimation of the

BA. This trainingwasdone in the MODIS era, using as features the data provided by
FireCCILT11 (BA, FOA, FBA), Era5 Landata setand Fire Danger Indices, and as
reference the BAestimatefrom the product v1.3.3. This RF&sesthe datafrom the
previous, the following and theurrentmonthto predict BA. Using thd?ythonlibrary
Forestci we were able to obtain the confidence interval of the predictions done using this
RFR.The years 2003, 2013, 2016 and 2017 will be used as testing models.

As mentioned before, there will be cells where some of the features of theld®RR&
havedata,so in those cells the RFR models canabelied.For thesecasesthe local
polynomial regression will be applied to estimate the BA, and the confidence interval will
be obtained too.

Despiteof using the RFR and the locedgressionsthere will be some cells located
normally in the coast where neither of both camagy@ied. This situation is producediie
tothe lack of dat@nthe features of the models. To solve firigblem filling the missing
data of the cells with the mean value oftleegghboursthat isthe cells surroundintpem.
To be able to generate the BAtimation after filling the missindata,the RFR will be
applied,also getting the confidence interval.

Cells that are entirety covent bywater bodies are not processed either the RFR or local
polynomialregressoras th& BA values will be 0 as therare not burnable areas. This
also happensin the cells located in the Rock & Ice ecoregion. For thesks, the
confidence interval will be.O

In this way all cells can be processed and will have BA and confidence interval (Cl)
values. Over these predions a posprocessing had been done to assure that the obtained
BA estimations are not negatives or higher than the maximum burnable area. filep,
wasneededo avoid the introduction aismall error in the predictiomsadeby the RFR.
These mods instead of predicting 0, always estimate a small vdlbereforeto avoid

this problem the filter was established at k2.

NetCDF (NC)files have been generated for each month from 1982 to 2018, except for
1994 (no data from FireCCILT11). These NC files have 3 different layers:

1 Burned_area (BA): the value of BA estimated for the cell.
1 Confidence_intervalCl): confidenceanterval of theBA estimation.
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1 Filter_apply (FA):this layer onlyincludesthe values 1 and Q. when the filter is
applied, Ofor thecellswhereit is not.

Two types ofNC files have beergeneratedin the first one the confidence layer was
masked in the areas where B is 0, while in the second one the confidence layer was
not.

2.8.1 FireCCIM10 assessment

The same methodology described above has been appleamparethe BA values
estimated by the FireCCIM10 product with the BA values providedheyBARD
reference datase.Tablel3to Tablel5 providethe resuls of the FireCCIM10accuracy
assessmentonsidering tht it has been generated from the SLT2 approAshis
reflected in them, the accuracy of FireCCIM10 is bettenthe productireCCILT11
for the whole serig Figure27 includes thecell distribution of the differences between
the BA estimatedby FireCCIM10and theBARD. It can be observed that for most cells
the estimation is almost the saasethe reference dataly few cells present a difference
larger than 50 ki which is a value lower than theaximumBA of a grid cell.

||||||

500 0
BA_prediction-BARD

a) b) c)
Figure 27: Distribution of BA differences between FireCCIM10 and BARK). a) Training phase, bjesting
phaseand c) preMODISera.

500 0
BA_prediction-BARD

To analysehe BA values estimated by FireCCIM10 with thetref the products, the
monthly average BA for thentiretime series (1982018)wasestimated and represented
in Figure 28. Thelargest differencebetween the estimate@luesby FireCCIM10 and
other BA productsorrespond td-ireCCIM10 and MCD64 changing the differences
through the different months. And the lowest difference correspionitie FireCCI51
product.

Average monthly BA

BA [Mkm2]
°© o o
By w )]

b=
w

——————— FireCCILT11 -~ FireCCI5S1 -~ MCD64 —— FireCCIM10 - V1.3.3

Figure 28: Average monthly BA time series for the FireCCILT11, FireCCI51, MCD64CMQ, FireCCIM10, GFED4
and V1.3.3roducts.
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In addition,this analysisvas also performetbr each biome. The resulting grapd®
included inFigure29. Whenabiome tobiome analysis is performeshme aspects should
be highlighted with the aim of consideritigemin futureversionsf this new BA product.
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Boreal forest: FireC@l10 provides an underestimation for most months, mainly
from May to August and for the FireCCI products.

Desets&Xeric Shublands: the trend of FireCCIM10 matches the other products,
except October and Novembeahen BA FireCCl products underestimate BA
values respect the rest of the products.

Mediterranean: FireCCIl BA products, including FireCCIM10, provide highest
values tha GFED4 and MCD64.

Rock&lce: the BA values estimated by FireCCIM10 are almost negligible
compared with the values provided by FireCCILT11.

Temperate forest: the best match is between FireCCI51 and FireCCIM10.
Temperate savanna: the best match is betwge€CI151 and FireCCIM10.
Tropical forest: From January to August FireCCIM10 overestimate other
products, except FireCCILT11, which providdarger BA values than
FireCCIM10 from May to December. From August to December FireCCIM10
presers a similar trendo the rest of the resto of the products.

Tropical Savanna: A good agreement between all products is obtained for most of
the monthsfrom May to August this agreement is better amongst the FireCClI
products.

Tundra: FireCQW 10 provides an underestimatitor most months, mainly from
May to August for all products.
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Figure 29: BA time series for the FireCCILT11, FireCCI51, MCD64CMQ, FireCCIM10, GFED4 and V1.3.3
products, average atime series, fodifferent biomes

Finally, as an example, the layers of BA and CL for February 2007 and December 2013
have been included FRigure30 andFigure31.
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Figure 30: FireCCIM10 product for February 2017 ofal burnedarea at 0.25 spatial resolution (top) and Confidence
Interval (bottom).
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Figure31: FireCCIM10 producfor December 2013.6fal burnedarea at 0.25 spatial resolutigiop) and Confidence
Interval (bottom)

3 Conclusions

A new time series BA product has been generated for the period 2001 to 2018, with more
than 80% agreement according to BARD. This allowederatinga new BA product

with more than 70% agreement according to BARD between 1982 and 2018.

There is a need fanore reference data to validate the results obtained, allowing one to
improve the models too.

Please notice that the datasehot publicly available, but a copy can be obtained upon
request to the FireCCl teafinttps://climate.esa.int/en/projects/fitehtacts.
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