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1 Executive Summary

The Product Validation anthtercomparison Report (PVIR) describes methods and
results of tasks carried out for assessing the quality of global and regional burned area
(BA) products derived by applying FZ€I1 algorithms. This document describ@see
alsoTablel):

1. the generation of the reference datasets usdtiéenlidation;

2. the validation results faglobal (FireCCI51 and FireCCIS3)land regional high
resolution (FireCCISFDLBA prodLcts;

3. the comparison with coarser resolution products such as FireCCI51,
FireCCIS31, MCD64A1 C6 and C3SBAlXinter-comparison activities)

Table 1. BA product pair comparisons (product vs. reference) carried out in theralidation

activities.
ROI FireCCISFDL | FireCCI51 | FireCCIS311 | MCD64A1 C6
Africa Sahel 19902019 20012019 - 20002019
Russia Siberia 19902019 20012019 - 20002019
South America 19902019 20012019 - 20002019
Global - 20172021 20192022 20172022

In order to assess the accuracy of the BA products, fire reference perimeters are derived
from Earth Observation (EO) data at higher spatial resolution, when available. Validation
of BA products requires systematic sampling of validatiitsun order to provide robust
statistical accuracy; for this reasave relied on Landsat 8 (L8) and Landsat 9 (L9) for

the validation of the global products and on Landsat 5 (L5), L8 and Seht{8) for

the validation of the regional high resolutiproducts

2 Validation protocol

Validation is the assessment of the accuracy of BA products by comparison with reference
data/fire perimeters that are assumed to be the best representation of the ground truth. At
global, continental and regional scales.erehce data suitable for validation can be
extracted from EO data since systematic collection of reliable and representative ground
truth/in situ fire data is hardly feasiblé/alidation of moderate spatial resoluti&s
products (e.ge.g. FireCCI51, FeCCIS31) can be therefore carriéy comparison with
reference perimeters generated from decametric spatial resolutioasdatendsat and
Sentinel (Chuvieco et al., 2018; Lizundiaiola et al., 2021). In the case of BA products
derived fromhigh/medium resolution dathigherremotely sensed data should be used

for generating reference perimetdmwever,systematic acquisition dfigh/very high

data over large areas might be not easily accessible and/or might have high costs of
acquisition and processing. In these cases, satellite images with comparable spatial
resolution are commonly used (e.g. Roteta et al., 2019, Roy et al., 2019; Strepgilana
2022a) and independenckthe reference datasstachievedy independent processing.

For this reason, in this project the validation of the madtiual high resolution
FireCCISFDL BA productwas carried out by generating reference perimeters
Landsatand SentineR dataalso considering that only Landsat missions cover past.years
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The protocol implemented for validation of global and regional BA products follows
these steps:

~

i ldentification of validation unitsvalidation units are the regions where the
reference and the product were comparféetyare selected by stratified random
sampling in each calendar yeaonsideringhe majorbiomes(Dinerstein et al.,
2017 and regions with high and low fire activity &dentified from yearly
cumulatedburned area

i Generation of reference fire perimetemrsference fire perimeters are generated
from supervised classification of consecutive satellite images, i.e. temporal series
of images [(andsatfor global and regional validationand S2 for rgional
validation)called reference long units

i Computation of accuracy metriche error matrix (Congalton and Green 1999;
Latifovic and Olthof 2004) is extracted by comparmgned aregroducts and
reference fire perimetexsver the validation unitand the accuracy metrics are
computed: commission error ratio, omission error ratio, Dice Coefficient (DC)
(Dice 1945), bias and relative bia&ccuracy metrics are complemented by
agreement maps showing the spatial distributibagreement and disagreement
regions over the validation unit.

i Computation of spatially distributed agreemémthe case of regional validation,

a 5 km by 5 km grid layer is used to compare proportion of burned cells from
reference and Fif@Cl BA products to derive regressive parameters and metrics
such as slope, intercept, coefficient of determination (R2), Root Mean Squared
Error (RMSE) (Boschetti et al. 2019, Sali et al. 2021).

2.1 Reference long units

A long temporal reference unitis a spatictemporal partition of the source EO data
archive where time series of images (Landsat and/or Se@jingte acquired and
processed to generate fire perimeters. The time series over each unit is composed of
consecutive images where each image pair, ¢hort unit) is classified to extract burned
polygons A maximum time step between consecutive images is set to exploit the greatest
discrimination of recent burrsspeciallyin those ecosystems where the signal quickly
disappears (e.g. tropical sawnan Padilla et al., 2014); however, in ecosystems where the
persistence of the burned areas is longer and in presence of frequent cloud cover, the time
stepis increased to guarantee a sufficient length of the time s&hesburned polygons
preserve asate of burning the acquisition date of the short unit and are assumed to be
burned only once within the time span covered by the long unit. Short units fire perimeters
are cumulated between the first and last date of the time period covered by the iong uni
(Franquesa et al., 2020; Franquesa et al., 2022, Stroppiana et al., 2022b).

Spatially, each unit covers an area of ~10 000 K20 km x 100 kmjo be consistent

with previous reference fire datasets derived for the validation o€ €irBA products

at regional and global scales (Stroppiana et al., 2022b; Chuvieco et al., 2022; Franquesa
et al., 2022; Lizundidoiola et al., 2021). The sampling design implemented for the
selection of the validation units differs for the regional and global products aeddle

on the sourcef EO data (Landsat/Senting).



i Fire_cci Ref.: Fire_cci_D4.1_PVIR_v3.0
%’“ﬁ "je Product Validation andntercomparison Issue 3.0 Date 20/07/2024
-  cci Report Page 12

Temporally, a short unit is composed of two consecutive clefrde images/scenes
(pairs of images) whereadang unit is composed of more than two consecutive pairs
(consecutive short units) over thense unit(Figurel). Long temporal units have shown
to be a robust approach to estimate spatial accuracy by disentasgktigl from
temporal component of BA detection erroReducing the impact of dataismatch is
particularly relevant foBA products derived from EO data with low temporal resolution
or for areas with high cloud coverage (Franquesa et al., 2R2®rence long temporal
units are identified from the availablmages based onloud cover, time interval
between consecutive imagesnd total length of the unit (Franquesa et al., 2022;
Stroppiana et al. 20B2.

Time interval
At,.,.=16 days (AF, SA)
Long-unit At =32 days (SI)

A(tatso1)

Length
Lin = 60 days

Figure 1. Example of the implementation of the algorithm for the extraction of reference validation
units from the classification of consecutive images padr In this figure source images are Sentine?.

3 Validation of global BA products

In this section, the approach implemented for building reference fire perimeters for the
validation of FireCCIl BA global products is described in defaidure 2 shows the
flowchart of all the steps, from the selection of the sample units to the extraction of fire
perimeters over the long unit.
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Thiessen Scene Area |

1.Global TSAs layer continuous non
overlapping polygons

2.Univocally assigned to Olson
biomes and WRS-2 frames

PE—— FIRE ACTIVITY

v | 1. FireCCI51

Terroerate fores Wmcerate Savatna

Burned Area & Fire Intensity

1. Total annual BA in each TSA
2. Normalized Cumulated BA for

each biome
2 _ s 3. Biome-specific threshold at the
— — = 20" percentile
v
High/Low Fire Activity
1. Apply threshold to each TSA 5
based on the biome GEE; 1819  archive
2. Assignment to high/low classes suitable TSAs
S of fire activity to each TSA 1.Time step short units=
B 8-16-32 days
"‘ 2.land cloud cover
> <30%
Sampling 3.Minimum length for
long units= 48 days
1. Total number of units per year= 4.Land proportion> 10%
=< ) 100 aprox. 5.8 data availability
(5 2. Number of units per stratum {suitable WRS-2
AN frames)
" (h):ny,
7 « Ny.|BAy (Padilla et
al.,2017)
3. Minimum sampling ny = 2

' 4. Random selection in suitable

\ 4

Short Units Classification

1. Random Forest in GEE
2. lterative process in selecting

training
A J
Long Unit RD
- Burned
[] unburned 1.long units computed for each
sampled TSA using Python tools
Masked

Figure 2. Flowchart of steps for extracting fire reference perimeters for the global validation: from
sampling to classification of the short units and building long units files.
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3.1 Global sampling scheme olong temporal reference unit

3.1.1 Spatial definition of global validation units

For global BA products, the spatial dimension of sampling units is based on Thiessen
Scene Areas (TSAs). The number of selected units for each year is approximately 100
TSAs.As described in Sectiol 1, for each TSA, a long sampling uciivering an area

of 100 km x 100 knis composed of consecutive pairs of Landsat images (short units).

3.1.2 Temporal definition of global validation units

In the case of validationf global products,aference long unitarecomposed of time
series of Landsdt.8, L9) imageglefined based on the following criteria

1. Cloud cover. scene cloud cover (GQ0% and cumulated cloud cover
(CCeun<30%)

2. Time interval between consecutive imag@O1 6 )day s

3. Length of the time series 48 days)

Maximum cloud cover for each image was set i®% while maximum cumulated
cloud coverto 30% in order to generate long reference units thigHeast possibleoud
cover. Theime interval between consecutive images was sditaaysto considerthe
minimum duration of the burned area spectral sighla¢ minimum length of the long
unitwassetto 48 daysto consider theeduced frequency afear sky observation in some
world biomes.

3.1.3 Stratification of global units

Since sampling sites should be selected to properly represent the variety of conditions
that affect the accuracy of BA products, both in time and space, a stratified random
sampling scheme is adopted. In particular, follapfnanquesa et al. (2022) stratification

has been based be based on i) major biomew(stein et al. 20)7and ii) areas with

high and low fire activityBiomeswere aggregated into eight major vegetated biomes as
shown in Table 1 in Franquesa et al.42)) The applied biome aggregation scheme was
the same as used by Boschetti et al. (2016) with the exception that in this study tundra
was not aggregated to boreal forest.

For each TSA, thenajor biome wasssignedKigure3 top). The high/low fire activity

class was assigned based on the total annual burned area derived from the MCD64A1 c6

BA product Giglio et al. 2018 Figure 3 bottom). In order to assign the high/low fire

activity class, the total annual burned area (TotBA), was computed in each TSA and

these values were then sorted in increasing order; thelated$sum was computed and

nor mali zed with respect to the biomeds maxi
value corresponding to the'2@ercentile of the normalized cumulated sum provides the

threshold for assigning each TSA to eitherhigh (totalannual BA > threshold) dow

(total annual BA <= threshold) fire activity classes.Higure 4, the threshold values

(highlighted in red) for each biome for the y2822 are reported.
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Figure 3. Two layers were used for the definition of the strata in the random stratification
sampling: biomes (top panel)eclassified into 8 major biomes (plus Rock & Ice shown as beige),
and percentage oBA with respect to the total land area of each TSA, based on thdCD64A1 c6

BA extent for the year 2022 (bottom panel) (Franquesa et al., 2022).
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Figure 4. Example Thiessen scene areas (TSAs) for each biome plottedibgreasing normalized
total burned area for the year 2022; on the »axis the increasing cumulated number of TSA
(#sampling units). Red lines show the 20th percentile and the corresponding value of total annual
burned area used as threshold for assigning gh/low fire activity class (Franquesa et al., 2022).
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3.1.4 Analysis of L8 L9 data availability 2022

Preliminary analysis of data availability at the global scale was carried out for the year
2022to investigate the distribution of 89 scenes suitable for sam. The global L8

L9 archive available in Google Earth Engine (GEE) was investigated to identify, over
each validation unit, L&9 temporal seriesiith maximum time step of 16 and/or 32
daysandcloud coverage percentage lower than 30%m the metadataattributeLand

Cloud Cove). Figure5 and Figure 6 show maximum length and stiag month of the

long units whergdmax=16 days andgmax=32 days, respectively. The figsreonfirm
thatggmaxandthe lengthare correlated, hence relaxing the condition on maximum time
step, from 16 to 32 days, produces longer series (light greeredod golours).

180° 150°W 120W oW 60w Ea o 0 60°E 0 120°8 150°€ 180°

L8-L9 long unit length (days)
0

. 0-50

. 50-75

30 == 75-90

== 90-115

N 115-150

8 150-200

[75200-300

1300-360

180° 150W 120 0°W 60w oW o 30 0 90 120 150° 180°

60N

30°N

L8-L9 long units start month
»s | [l January-March

[ April-June

[ July-September

«s | [ October-December

Figure 5. Length (days) (top) and starting month (grouped in threemonth seasons) (bottom) of the
longest temporal series for each TSA (validation unit) with a 1-8lay maximum time step between
consecutive cleasky images.Grey areas show regions whereo suitable dataare available.
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Figure 6. Length (days) (top) and starting month (grouped in threemonth seasons) (bottom) of the
longest temporal series for each TSA (validation unit) vih a 32-day maximum time step between
consecutive clear sky image$rey areas show regions whereo suitable dataare available.

An analysis was also carried out, dividing the biomes into high/low fire activitgtsata
by applying threshold valueBigure7 shows the number of TSAs available for sampling
as a function of in (values on top strips) witdmax=16 days.In order tohavea

sufficient number and an unbiased global spatial distribution for TSAs of the least

represented biomes, thenimum length of the validation unit was set to 48 days
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Figure 7. Number of L8-L9 TSAs available for samplingfor each biome in the Low(yellow) and
High (red) Fire Activity stratum as a function of the length of the minimum temporal
dataset/validation unit required (number on top of each panel) with maximum time step set to 16
days.
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3.1.5 Sampling cardinality of referenceunits

An optimal stratum allocation was setX00 validation units per year (approximately)
and distributed among strata based on Eq. 1.

e 00 60 Eq. 1
wheren, is the number of units to be sampled for stratum h (intersection biome/fire
activity layer3, 6 0 is the average burned area for stratum hiani the total amount
of units available for samplinigp stratum h. An iterative process was applied to ensu
that € > 2in all stratawhile preserving as much as possible the optimal sample
allocation (Franquesa et al., 2022; Padilla et al., 2@ie the sample size allocation
was determined, the sample units were selected using simple random sambplouwg wi
replacement from the population within each stratum. This process was applied separately
to each of the six years of the validation period (2017 to 2022) to select six samples, one
for each yearA random sampling algorithm is then applied to eacktsin to extract the
number of validation unitthatare summarized ifiable2 and Table 3, where for each
stratum (combination of biomes and fire activity) we show the number of TSAs sampled.

The location of the sampled TSAs for the period 2RQT9 is shown ifrigure8 and for
20202022 is shown irfrigure9.

Table 2. Number of TSAs sampled in each stratum and for each yeg20172019) in high (NuicH)
and low (NLow) fire activity strata.

Biomes 2017 2018 2019
NHicH | Niow | Nhieh | Niow | NuicH | Niow
Boreal Forest 3 2 4 2 4 2
Deserts & xeric
shrublands 9 2 ! 2 6 2
Mediterranean > 2 > 5 2 2
Forests
Temperate Forest 4 2 5 2 4 2
Temperate savanna 5 5 4 3 5 4
Tropical forest 10 5 10 6 11 7
Tropical savanna 21 29 22 31 21 29
Tundra 2 2 2 2 2 2
Global 56 49 56 50 55 50
Sample size by year 105 106 105

Table 3. Number of TSAs sampled in each stratum andor each year (20262022) in high (NuigH)
and low (NLow) fire activity strata.

Biomes 2020 2021 2022
Nuich | Niow | Nuich | Niow | Nuien | Niow
Boreal Forest 4 2 5 2 3 2
Deserts & xeric
shrublands 6 2 8 2 9 2
Mediterranean > > >
Forests
Temperate Forest 4 2 4 2 4 2
Temperate savanna 4 4 4 3 4 3
Tropical forest 12 6 11 5 10 6
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Biomes 2020 2021 2022
NhicH | Niow | Nriech | Now | Nhieh | Niow
Tropical savanna 21 31 21 31 21 31
Tundra 2 2 2 2 2 2
Global 55 51 57 49 55 50
Sample size by year 106 106 105
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Figure 8. Spatial distribution of the TSAs sampled randomly worldwide for each year (201:2019)
and stratum of fire intensity.
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Figure 9. Spatial distribution of the TSAs sampled randomly worldwide for each year (202Q022)
and stratum of fire intensity.

3.1.6 Generation of theglobal fire reference perimeters

Figure 10 shows the flowchart of the steps for extracting fire perimeters over9L8
validation units composed oixsmajor steps (Step 1 to Step 6 in the figure and in the
text); input to the processing are-L8 short units (consecutive H3 images) to extract
areas that burned between the two date<|t All short units over the same area are
combined to derivdire perimeters over the LB9 long unit. The steps are described
below.
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L8-19 image pair (short unit) Step 1
Consecutive L3-19 image pair (t; and t;)

¢

TSA Subsample
Extract subset 100 km by 100 km centred on the Step 2
centroid of L8-19 scenes

v

Classification consecutive pairs (short unit)
1. Training burned (only between t; and
t;)/unburned Step 3
2. Random forest (bands and indices t: + A .4
3. Output BA&Clouds vector + DOY t;

v

Export short unit classification
Export short unit BA classification (KVL) to shapefile

v

Long Units BA vector
Cumulative BA wvectors to build long units keeping Step 5
first date of burn (DOY) and clouds

v

Building vector attribute table
Attribute table for long/short unit shapefile (pre-fire Step 6
and post-fire dates, pre-fire and post-fire image,...)

Step 4

Figure 10. Flowchart showing steps for extraction of fire reference perimeters over sampled TSAs /
validation units.

1. L8-L9 image pair (short unit): over each TSA, consecutive LB9 scenes
(ggmax=16 days, condition relaxed in case of persistent cloud cover) made available
as Level 2 product (surface reflectance, USGS LandS&8@&face Reflectance Tier
1 collection dataset) with cloud cover layer used fasking not observable pixels.

2. TSA Subsample extraction of validation area of size 100 km by 100 km centred at
L8-L9 framedbds centroid.

3. Classification consecutive pairs (short unit)extraction of perimeters of the areas
that burned between the two dateg () by applying a Random Forest (RF)
algorithm. This step requires the selection of training areas over burned and unburned
surfaces carried out in GEE and by visual interpretation of the expert. The RF
algorithm is run using all L8 spectral bands amel Normalized Burn RatiadNBR
(Key & Benson, 1999), Normalized Burned RatioNBR2, (Roy et al., 2005) and
Normalized Difference Vegetation IndeXDVI, (Rouse et al., 1974). Details of the
RF algorithm applied are described in Franquesa et al. (2022).
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4. Export short unit classification: the layer of fire perimeters for the short unit is
exported as a KML file; this file contains polygons for burned areas and clouds
together with information on burn detection datesiored as Day of the Ye®OY).

5. Long Unit BA vector: all short unitvector files for a specific TSA are stored and
converted to shapefile (.shp) and cumulative fire perimeters over the long unit are
derived by retaining first date of burn detection for each polygon; in this step,
cumulated clouatover is used for masking those pixels that have been observed as
cloudy at least once during the long unit period. That is, only pixels that have been
cloud free over the entire time period covered by the long unit are classified into
burned/unburned. T step is carried out with a script coded in Arcpy.

6. Building vector attribute table: for both short and long units, attribute tables are
built containing all information relative to each polygon about (ifeand posfire
(t2) dates and L&9 scene idetifier (Scene ID), detection dates, category (burned,
unburned and masked).

The core of the processing of the-L8 short units (short unit classification) was
implemented in GEE. A script was coded to perimeter existing burned areas between two
consective images identified by acquisition dates (Start, End). Input parameters to run
the program are:

- L8-L9 frame path/row;

- L8-L9 dataset (the image collection to be filtered)
- Year,

- Starting date (t1);

- Ending date (t2);

The script needs to be run twice. Thst time the dataset is filtered by the dates of input
images (Pre_Image, Post Image) and a cloud mask is applied. Then spectral indices
NBR, NBR2 and NDVI and temporal differences are computed.

The images are displayed as RGB false colour compositelR@GEWIR, Red) and the
training regions over burned and unburned areas are defined by the user as vector format.
If available, training polygons can be uploaded as asset on the GEE platform.

The script is then run a second time to apply a Random Forestlaig for classification
of burned areas, using the input layers identified above (spectral bands, indices and their
temporal difference).

The output layers consist of:

- Burned areas in vector KML format;

- The validation region of 100 km x 100 km obtaingdalbuffering of the centroid
of the L&L9 frames;

- Cloud Mask in vector format;

- Training polygons in vector format;

The classification of the -89 short units is then converted to shapefile format and
processed to extract fire reference perimeters, clandurn date.

Following the procedure to generate the reference data described above, we produced a
total of 316 long temporal reference shapefiles for the three validation yearsZQ02Yy
and 317 for the years 2020 to 2022.
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Figurellshows an example fire reference perimeter product extracted frorh@Ib8g
validation unit over frame 173/053 (path/row, Africa). Masking cloud areas is necessary
to achieve the lghest accuracy in the detection on the burn dates; although burned surface
and burned signal can be persistent and last over time, the occurrence of clouds over the
area might prevent the accurate detection of the burnigtee 12 shows an example

of attribute table for fire reference perimeters over the long unit.

02/01/2022
»

%

18/01/2022 ‘
! I 10/01/2022
2 I 26/01/2022
[ o03j02/2022
ot [ 1v/02/2022
| 19/02/2022
N Ry
B cloud-cover

Not Burned

W

19/02/2022 27/02/2022

Figure 11. Example of reference fire perimeters extracted over L8 9 frame 190/053 (Path/Row),

Africa; on the left RGB false color composites of the L8 9 scenes that are part of the validation

long unit, in the right the reference burned area perimeters extracted by RF classification with

reference to the date of detection (col of the polygons). Black regions are regions masked for
cloud cover and grey areas are unburned.

category = preDate postDate prelmag postimg path row wear area

3 02/01/2022 | 27/02/2022 | LCB1900532022002LG... | LCI1900532022058LG... 190 53 2022 5762077891
2 02/01,/2022 | 27/02/2022 | LCB1900532022002LG... | LC91900532022058LG... 190 | 53 2022 852010423305
1 19/02/2022 | 27/02/2022 | LC31900532022050LG... | LCS1900532022058LG... 190 | 532022 25200
1 03/02/2022 | 11/02/2022 | LCE1900532022034LG... | LCI19005320220421G... 190 | 53 2022 10800,0015
1 10/01/2022 | 26/01,/2022 | LC91900532022010LG... | LC1900532022026LG... 190 | 532022 99000
1 03/02/2022 | 11/02/2022  LCB1900532022034LG... | LCI1B005320220421G... 190 | 53 2022  401400,0015
1 26/01/2022 | 03/02/2022 | LC91900532022026LG... | LCB1900532022034LG... 190 | 53|2022 | 1302299,9985
1 10/01/2022 | 26/01,/2022 | LC91900532022010LG... | LC91900532022026LG... 190 | 53 2022 900
1 11/02/2022 | 19/02/2022 | LCS1900532022042LG... | LCB1900532022050LG... 190 | 53| 2022 18000
1 19/02/2022 | 27/02/2022 | LC31900532022050LG... | LCI91900532022058LG... 190 | 53 2022 | 94599696355
1 26/01,/2022 | 03/02/2022 | LC91900532022026LG... | LCB1900532022034LG... 190 | 532022 499500,003
1 26/01/2022 | 03/02/2022 | LC91900532022026LG... | LCB19005320220341G... 190 53 2022 342554218362
1 03/02/2022 | 11/02/2022 | LCB1900532022034LG... | LC919005320220421G... 190 | 532022 109300
1 26/01,/2022 | 053/02/2022 | LC91900532022026LG... LCB1900532022034LG... 190 53 | 2022 4231800,006
1 10/01/2022 | 26/01,/2022 | LC91900532022010LG... | LC1900532022026LG... 190 | 532022 9900
1 11/02/2022 | 19/02/2022 | LC91900532022042LG... | LCB1900532022050LG... 190 | 53 2022 15300

Figure 12. Example of the attribute table of a reference fire perimeters shapefile over validation long

units: category can be asigned to burned (1), cloud (2) and unburned (3), preDate and postDate are

the pre-fire and postfire dates of the short unit from which the polygon was extracted, prelmg and

postimg are the L8L9 scene ID of prefire and postfire L8 -L9 images, path androw the WRS-2 L8-
L9 frame identifiers, year is the reference year and area is the area of each polygon.
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3.1.7 Computation of accuracy metricsfor global products

Reference fire perimeters and K@l global BA products were intersected to estimate
the following accuracy metrics: commission error ratio, omission error ratio, Dice
Coefficient (DC) (Dice, 1945), bias and relative bidal{le4). The area of agreement
anddisagreement between the BA product (map) and the reference data (Padilla et al.,

2017; Padilla et al., 2014%;) used to estimate the accuracy metrics were derived from
the confusion matrixTable5).

Table 4. Accuracy metrics computed from the error matrix

Accurr?gxl ;netnc Equation
Commission error Ce= :llz
.. e
Omission Error Oe= 621
+1
. . 2
Dice Coefficient DC = I ER
2e_l.l + e.|.2 + eZl
Bias bias=e, - e,
. . - e
Relative Bias relB = eﬁe 21
+1

Table 5. Sampled error matrix on a sampling unit.ej express the proportion of agreements
(diagonal cells) or disagreements (off diagonal #8) between the BA product (map) class and the
reference class. Proportions for all pixels is derived by summing up the proportion of
agreement/disagreement for each pixel at the resolution of the BA products (lower spatial

resolution).

Product Reference classification
classification 5. od Unburned Row total
Burned en 1 e
Unburned en - &4

Col. total e e

3.1.8 Results of accuracy metrics FireCCI products

Global accuracy estimates of thwo BA products (FireCCI51 for 20172021 and
FireCCIS311 for 2012022)and their standard errors (SE, results reported as +SE) are
presented for the entire validated period (2@022) inTable6.
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Table 6. Global accuracy estimates (%) for each validation year for FireCCI51 and FireCCIS311.
Standard error (£) is shown in parenthesis

BA product Year OE CE DC relB

2017 | 41.8(3.1) | 21.4(2.2) | 66.9(3.0) | -26.0 (4.1)

2018 | 41.3(3.4) | 15.7 (1.4) | 69.2(2.7) | -30.4 (3.3)

FireCCI51 2019 | 46.5(3.4) | 20.8(1.7) | 63.9 (2.8) | -32.5 (3.4)

2020 | 65.5(5.2) | 21.7 (1.7) | 47.9 (5.0) | -55.9 (6.7)

2021 | 62.8(4.9) | 21.9(2.8) | 50.4 (5.0) | -52.4 (4.8)

2019 | 41.2(3.0) | 19.2(1.7) | 68.1(255) | -27.2 (2.7)

2020 | 57.2(5.6) | 19.1(1.6) | 56.0(4.9) | -47.1 (6.8)

FireCCIS311
2021 | 53.2(3.4) | 20.3(3.1) | 58.9(3.5) | -41.3 (2.4)

2022 | 53.0(3.3) | 18.8(2.4) | 59.5(3.0) | -42.1 (3.5)

Figure13 represents the precision on a global scale of the evaluated metrics and shows
that the FireCCI51 product presented the highest estimated accuracy in the 2017 to 2019
period, with a DC value 63%. In relation to this same parameter, the year 2020 presented
the lowest accuracy with a value of 47.9%. Meanwhile, FireCCIS311 product presented
the highest DC in 2019 with 68% and for the period from 2020 to 2022 the values were
in a range from 560t59.5%.

It is observed that for the period 262022 there is an increase®E in FireCCI51 with
respect to the years 2017 to 2019, which derives in a lower accuracy in the metrics of the
products because amcrease of omission errors decreases tharacyg of the DC and
increases the underestimation with respecatetB. The same happens in the case of
FireCCIS311, which presents higher omission values in the period 2020 to 2022 with
respect to 2019. In relation to the commission errors, the valuesoaesimilar for all

years in both products, remaining in general at values of 15% and 22%.
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Figure 13. Accuracy estimates (%) for each calendar year for the period 2012021 for FireCCI51
and 20192022 for FireCCIS311

The estimatedccuracy metrictor each BA product and biome for each year are detailed
in Table 7 andTable8. For the case of FireCCI51, the metrics per biome are observed
from 2017 to 2021Kigurel4) and for FireCCIS311 from 2019 to 20@agurel15).

For the FireCCI51 product, 2017 showed the highest accuracy in biomes such as Boreal
forest, Mediterranean afcemperate savanna. 2018 was the yearthvélbest accuracies

for theTemperate forestropical savannah anidundra biomes. On the other hand, 2020

and 2021 showed the lowest accuracies in all biomes compared to previous years' metrics.
The year 2021 had the highest Commis&ionrvalues of all the series analysédgure

14).

For the FireCCIS311 product, 2019 had the best accuraddeserts & xeric shrublands,
Temperate savannéropical faest, Tropical savanna antundra biomes. 2020 was most
accurate irBoreal forest, Mediterranean forest aremperate forest. The years 2021 and
2022 were the years with the lowest accuracies and the highest omission and commission
values compared to 20Hd 2020 Figure15).

As highlighted by results presented here and by Boschetti et al. (2019), a significant
variability of accuracy metrics can be observed for tifergint biomes as a consequence

of the fire/burns characteristics (e.g. type of fire, fire intensity, fragmentation of the fire
patches, etc.). Further analysis on the global andipene accuracy estimates can be
found in Franquesa et al. (2022).
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Table 7. Biome accuracy estimates (%) for each validation year (2012019) for FireCCI51 and
FireCCIS311. Standard error (x) is shown in SE

2017 2018 2019
Biome Metrics | FireCCI51 FireCCI51 FireCCI51 | FireCCIS311
value | SE | value| SE | value | SE | value | SE
DC 83.70 | 2.40 | 78.30| 2.30 | 79.00 | 1.60 | 78.89 | 2.44
Ce 17.40| 0.10 | 19.50 | 1.80 | 23.20 | 3.30 | 21.38 | 3.40
Oe | 15.20| 5.00 | 23.80 | 4.20 | 18.80 | 1.90 | 20.85| 5.94
relB 2.70 | 6.10 | -5.30 | 590 | 5.70 | 5.90 | 0.68 | 10.64
DC 57.50| 7.90 | 61.10 | 6.20 | 52.50 | 7.70 | 76.66 | 2.60
De;grritcsg‘ Ce | 39.80|12.80| 13.50 | 2.60 | 20.10 | 0.90 | 15.13 | 0.79
shrublands Oe | 4490| 7.80| 52.70 | 7.50 | 60.90 | 8.40 | 30.11 | 4.76
relB | -850 | 1.20 | -45.30| 9.20 | -51.00| 10.10| -17.65| 6.26
DC 83.60 | 2.00 | 24.90 | 15.20| 69.50 | 6.20 | 83.37 | 4.65
Ce 19.30| 1.70 | 32.10| 3.50 | 23.70 | 6.90 | 17.04 | 1.83
Oe | 13.30| 2.50 | 84.40 | 11.50| 36.20 | 5.60 | 16.23 | 7.63
relB 7.40 | 0.90 | -77.60| 17.50| -16.30| 0.70 | 0.98 | 7.16
DC 54.00 | 7.60 | 84.50 | 3.10 | 59.60 | 9.80 | 67.47 | 10.44
Temperate Ce | 51.60|11.80| 7.70 | 1.20 | 22.30 | 10.40| 21.45| 12.59
forest Oe | 38.90| 3.40 | 22.00| 4.60 | 51.70 | 9.00 | 40.87 | 9.02
relB | 26.30 | 31.20| -15.50| 4.20 | -37.80| 4.70 | -24.73| 2.94
DC 86.80 | 2.90 | 80.00 | 5.00 | 62.00 | 1.90 | 67.58 | 1.99
Temperate Ce 14.10| 3.30 | 11.60 | 2.40 | 19.60 | 1.60 | 17.88 | 0.88
e Oe | 12.30| 3.30 | 26.90 | 6.70 | 49.60 | 2.40 | 42.59 | 2.61
relB 2.10 | 3.80 | -17.40| 5.40 | -37.30| 3.00 | -30.08| 2.85
DC 46.70 | 5.10 | 39.20 | 3.50 | 50.70 | 8.00 | 57.77 | 6.60
Tropical Ce | 22.00| 2.70 | 34.00| 3.90 | 24.10 | 6.10 | 27.64 | 5.36
forest Oe | 66.60| 480 | 72.20| 3.10 | 61.90| 7.70 | 51.93 | 7.08
relB | -57.20| 5.10 | -57.90| 4.20 | -49.80| 7.30 | -33.57| 6.31
DC 70.00 | 2.10 | 73.80| 2.10 | 68.90 | 2.90 | 72.03| 2.50
Tropical Ce | 20.60| 2.60 | 15.10| 1.00 | 19.40| 1.70 | 1550 | 1.34
Sehne Oe | 37.40| 2.80 | 34.80 | 3.00 | 39.90 | 3.80 | 37.24 | 3.22
relB | -21.20| 4.00 | -23.20| 3.20 | -25.40| 4.00 | -25.73| 3.08
DC 48.80 | 12.50| 79.60 | 0.20 | 69.90 | 9.30 | 81.81 | 0.93
Ce | 39.90|16.30| 18.60| 1.30 | 26.90 | 12.70| 11.85 | 5.73
Oe | 59.00|10.10| 22.20 | 0.80 | 33.10 | 6.40 | 23.67 | 3.07
relB | -31.80| 1.60 | -4.40 | 2.50 | -8.60 | 7.10 | -13.42| 9.02

Boreal Forest

Mediterranean

Tundra
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Table 8. Biome accuracy estimates (%) for each validation year (2020022) for FireCCI51 and
FireCCIS311. Standard error (x) is shown in SE

2020 2021 2022 |
Biome Metrics FireCCI51 FireCCIS311 FireCCI51 FireCCIS311 | FireCCIS311 ‘
value | SE | value | SE | value SE |value| SE | value| SE
DC | 64.47| 5.90 | 83.33| 2.69 | 48.20 | 12.78| 75.94| 6.00 | 32.68 | 12.42
Ce | 7.63 | 091 | 12.60 | 1.27 | 48.30 | 15.24| 19.07 | 3.50 | 34.54 | 5.23
Boreal Forest
Oe | 50.49| 6.75 | 20.37 | 4.00 | 54.87 | 15.48| 28.48 | 8.89 | 78.22 | 11.40
relB | -46.40| 6.88 | -8.89 | 3.56 | -12.71| 31.76| -11.62| 9.44 | -66.73| 19.28
DC | 16.31| 2.19 | 61.60 | 16.82| 59.99 | 7.63 | 72.07| 11.07 | 75.56| 2.63
De)fee:if& Ce | 2658| 453 | 2043 6.77 | 16.15| 3.26 | 13.92| 2.07 | 12.99]| 3.77
shrublands | Oe | 90.83| 1.40 | 49.75 | 19.73] 53.30 | 8.39 | 38.01| 15.51| 33.22| 2.77
relB_ | -87.51| 2.22 | -36.85| 19.53| -44.31| 8.32 | -28.00| 16.67 | -23.26] 3.72
DC | 59.79 | 15.27| 85.17 | 3.40 | 16.93 | 4.91 | 24.18| 7.02 | 40.36| 16.03
_ Ce | 34.44|10.30| 1241 | 4.10 | 75.70 | 9.95 | 43.50| 1.52 | 63.98| 19.72
Mediterranean
Oe | 45.04|1857| 17.12 | 2.95 | 87.01 | 8.63 | 84.62| 557 | 54.10| 14.03
relB | -16.16| 15.15| -5.38 | 2.09 | -46.53| 57.40| -72.78| 9.12 | 27.43| 58.16
DC | 71.99| 857 | 74.75| 10.87| 30.24 | 18.94| 44.47| 11.59| 29.40] 6.71
Temperate | Ce | 3244| 077 | 21.64 | 5.10 | 52.52 | 28.06 | 27.78| 9.23 | 54.63 | 6.84
forest Oe | 22.95|20.16| 28.54 | 15.78| 77.82 | 14.91| 67.88 | 10.33 | 78.25| 6.53
relB | 14.04 | 30.58| -8.81 | 14.57| -53.28/ 16.51| -55.52| 8.97 | -52.06| 13.09
DC | 56.82| 7.36 | 60.12 | 7.49 | 25.11 | 14.60 | 42.52| 9.53 | 47.25| 9.90
Temperate | Ce | 24.19| 7.52 | 19.99 | 6.19 | 36.73| 5.34 | 26.81 | 5.69 | 27.38 | 3.31
savanna Oe | 54.56| 6.84 | 51.85 | 7.42 | 84.34 | 11.37| 70.03 | 8.55 | 64.99 | 11.04
relB | -40.07| 4.05 | -39.83| 4.90 | -75.25] 18.16|-59.05| 8.72 | -51.78] 15.91
DC | 21.84| 6.75 | 34.99 | 9.06 | 2751 | 3.88 | 42.30| 1.53 | 40.95| 7.05
Tropical Ce | 27.44| 432 | 2857 | 434 | 41.20 | 2.84 | 36.83| 1.59 | 35.00| 5.14
forest Oe | 87.14| 464 | 76.83| 7.91 | 82.05| 3.08 | 68.20| 1.46 | 70.11| 7.01
relB | -82.28| 6.17 | -67.56 | 11.16| -69.46| 4.08 | -49.66| 1.86 | -54.01| 9.91
DC | 60.53| 3.13 | 64.75| 2.78 | 61.34 | 3.18 | 66.56| 2.45 | 67.50| 2.07
Tropical Ce | 1854| 1.72 | 1539 1.39 | 1493 | 1.62 | 13.69| 1.21 | 12.50| 1.40
savanna Oe | 51.84| 3.65 | 47.56 | 3.21 | 52.04 | 3.59 | 45.83| 2.94 | 45.05| 2.52
relB | -40.89| 4.07 | -38.02| 3.03 | -43.63| 3.74 | -37.24| 2.97 | -37.21| 2.72
DC | 51.51|24.22| 71.46| 5.09 | 47.43 | 0.91 | 80.95| 0.00 | 70.46| 9.26
Ce | 43.14] 000 | 22.24| 528 | 46.47 | 2.31 | 11.20| 0.00 | 32.22| 13.84
Tundra Oe | 52.92| 40.46| 33.90 | 12.52| 57.43 | 0.00 | 25.63| 0.00 | 26.64| 587
relB | -17.20| 71.16| -15.00| 21.88| -20.48| 3.43 |-16.26]| 0.00 | 8.24 | 18.75
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Figure 14. Estimated accuracy (%) of FireCCI51 product for the years 20172021 by biome. 95%
confidence intervals are shown with its respective standard errors as segments (black lind$)e
following metrics are shown:Dice coefficient (DC) (top left), Commission ior (Oe) (top right),

omission error (Oe) (bottom left) and relative bias (relB) (bottom right).



Fire_cci Ref.: Fire_cci_D4.1_PVIR_v3.0

;;‘m f'fe Product Validation andntercomparison =~ Issue 3.0  Date 20/07/2024
Report Page 31

FireCCIS311 Biomes

Boreal forest - Boreal forest
Deserts & xeric shrublands - — Deserts & xeric shrublands

Mediterranean - Mediterranean
Temperate forest - Temperate forest
Temperate savanna - Temperate savanna
Tropical forest - Tropical forest
Tropical savanna - Tropical savanna

Tundra - Tundra

'llll’ "'T\[[l

60 80

=
-~
oo
=

0 25 S 20 40
DC Ce
Boreal forest - e Boreal forest -
e e —_— T
Deserts & xeric shrublands - —— Deserts & xeric shrublands D

 E——e= -

Mediterranean - = . Mediterranean —y =
I I —

Temperate forest - o . Temperate forest -
o, —
Temperate savanna - e Temperate savanna el
e e— _—
Tropical forest - 7 Tropical forest -
e e—— —_—
Tropical savanna - g Tropical savanna i~
C———— Si—
Tundra - E Tundra §
O —m
0 25 50 75 -50 0 50
Oe relB

2019 2020 2021 - 2022

Figure 15. Estimated accuracy (%) of FireCCIS311 product for the years 2012022 by biome.
95% confidence intervals are shown wh its respective standard errors as segments (black lines).
The following metrics are shown:Dice coefficient (DC) (top left), Commission error (Oe) (top
right), omission error (Oe) (bottom left) and relative bias (relB) (bottom right).

3.1.9 Results of accuracymetrics 2021 for FireCCI51 and FireCCIS311

The population estimates of precision for the year 2021 (which is the last year for which
data are available to compare both BA products) are presentégure 16, where
FireCCIS311 has the highest DC value of the two products among all biomes. The highest
accuracies in the FireCCIS311 product were achieved in the Tundra éitPBpreal

Forest (76%) biomes. In the caseFfeCCI51, the highest accuracies werdopical
savanna andleric deserts and shrublands, with values of 60% and 61%, respectively.

The 2021 comparison between the FireCCI51 and FireCCIS311 products shows that Ce
values were similar in both products lmmomes such a3ropical savanna (14.9% in
FireCCI51 and 13.69% in FireCCIS311) ahebpical forest (41.36% in FireCCI51 and
36.83% in FireCCIS311). For FireCCI51, the highest commission value was in the
Mediterranean biome, with 75.7%, and the lowest @Titopical savannawith 14.9%.
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For FireCCIS311, the highest commission value was in the Mediterranean biome, with
43.5%, and the lowest in the tundra, with 11%s for the omission values, the
Mediterranean and tropical savanna biomes presented sirailagsvin the two global
products.

In terms of relative bias (RelBynderestimation of BAnegative values) were observed
in all biomes for both products.
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Figure 16. Estimated accuracy (%) of FireCCI51 and FireCCIS311 by biome for the year 2021.
95% confidence intervals are shown with its respective standard errors as segments (black lines).
Dice coefficient (DC) (top left), Commission error (Oe) (top right), omissioerror (Oe) (bottom left)
and relative bias (relB) (bottomright).

3.2 Validation of regional BA products

The validation of regional products focused on the assessment of the FireCCISFDL BA
product over the three Regions Of Interest (ROIs): AfBehel (AF),South America
Amazonia(SA) and Russksiberia (Sl)(Figurel7). These datasets of areas affected by
fires are derived from Landsat dakh@iroun and Solano, 202and they cover a muki
annual period (199Q019).
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Sl

AF

SA

Figure 17. The three ROIs where the multi annual FireCCISFDL product has beemgeneratedand
validated.

Fire reference perimeters were derived by combining Serftidakta (2019), Landsat 8
(20132018) and Landsat 5 (192D12) to cover the entire period of tAeeCCISFDL

BA product and validation unitgereselected by stratified random samplimly Levd

2 surface reflectance data produstreconsideredience source imagery relied on data
availability within the Google Earth Enginecatalogue of satellite images
(https://developers.goteicom/eartkengine/datasexsWe decided not to rely on Landsat

7 ETM+ data due to the failure of ti&can Line Corrector (SLGfterMay 31, 2003hat
produced data gaps in the images and significantly reduced the frame area covered by
reliable image dat

For the stratified random sampling we considered the biomes within the ROIs extracted
from the global Ecoregions 2017 map (Dinerstein et al., 2017) that was aggregated into
eight major biomes according to Franquesa et al. (262@)re3.).

The generation of the fire reference perimeters followed the approach of using validation
long units (Franquesa et al., 2020; Franquesa et al., 2022, Stroppiana et al., 2022b) that
can reduce the bias in accuracy metrics due to date mismatch betweertbatiom in

the product and reference.

3.2.1 Spatial definition of regional validation units

Validation units represent theegion where the BA product and the fire reference
perimeters are compared to derive the confusion matrix and the accuracy ratrles (
4 and Table5). Eachunit coves an area of ~10 000 knméhd is selectedy dratified
random sampling.

Source data in the validation of the regional FireCCISFDL BA product are mainly
provided by Landsat missionsencethe sampling units wergpatiallydefined from the
Worldwide Reference System (WRS) of path/row LandsatdésaSince validation units

are fixed areas throughout the yesrgardless the source imagery used for generating
fire reference perimetersnly WRS2 frames fully included ira singleSentinel2 orbit
were retainedife. frames encompassing differenerinet2 orbits were discarded)s
shown inFigure18for the AF ROI.


https://developers.google.com/earth-engine/datasets
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Figure 18. The validation units for the Africa-Sahel (AF) ROI (Regionof Interes) that are
coincident with RWS-2 Landsat frames (dark red squares) (a) and the corresponding S2 tiles
mosaicked to cover each validation units for the year 2019 (b)

The area of the validation unit was identified with a buffer of 100 KitB&km around

the centroids of Landsat frames. In the case of S2 data (only year 2019), different tiles
were mosaicked to cover the validation unit; this step involved also mosaicking the Scene
Classification Layer (SCL) to compute cloud cover percentagthe generation of the

time seriesFigure18 shows sampling units available for the AfrBahel region (a) and

the corresponding coverage from S2 tiles high&dhby the different colours (b); when

S2 images are mosaicked, data is provided by the same S2 orbit hence the mosaic
preserves the same date of acquisition.

This spatial definition led to a total &7 validation units distributed in the three ROIs
as bllows: 68 AF, 50 SA269 Sl.These units identified the areas suitable for protiuct
reference comparisomhich are fixed across the years. Over these units, long units were
defined as described below.

3.2.2 Temporal definition of regional validation units

In the case of validation of regional produceference long unitarecomposed of time
series ofLandsat(L8, L5) andS2 images for eaclvalidation unit defined based on
threshold applied tthe followingparameters

1. Cloud cover. scene cloud cové€C<10%) and cumulated cloud cover (G&<30%
2. Time interval between consecutive imag€%<16 day$
3. Length of the time series ¢60 day9

Maximum cloud cover and maximum cumulated cloud coverthresholds were sets

for the global validation (Sectia®i1.2. Thetime interval between consecutive images

was set td 6 days and 32 dayfor AF/SA and SI, respectively. The greatime interval

for SI ROI was decided due to theducedclear sky image availability (greater cloud
cover)andsupported by the expected more persistent burned area signal in boreal forests.
After preliminary analysis of image availability over the #R©Ils, e minimumlength

of the long unitvassetto 60 days

By applying the above hr eshol ds over the wvalidation
1516 long temporal reference units (AF=806, SA=376, SI=8&tjibuted across the
aggregatethiomes as summarized Trable9.

u

n
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Table 9. The number of long reference validation units distributedacross the biomes for theéhree

ROls.
. N
Biome f
reference long units
Boreal Forest 144
Deserts&Shrublands 102
Temperate_Savanna 98
Tropical Forest 118
Tropical Savanna 864
Tundra 190
Total 1516

B Amazonia [l Sahel [l Siberia

100+
75 g8
50, 39
25+ L2
() f=———— _ N —_ = _ _ ealll mm
100 gU
=
751 c @
o O
50+ 5%
254 a2
0 - - [
1001 Qo;a?
751 23
501 ga
~ 251 32
c 0+ L e B e e [V}
3
81%
1 =
751 :'o:'g
50+ 8 =
251 -9
0_ ] | | [EE— _-_—-—.
100+ P
754 <8
501 %5
| u_ulinlallal (][N B
100+ =
751 c
50+ a
25+ W
0__-—_-_ — — —
O ANOINORODOT— N MO 0DO— N OO O MDD
OO0 T~ T T T T T T T T
[ Toolololololololeleleleleololelsleleleoljelololololelolole]
P E T T rNAANNNANNNNANNNNNRN NN NN

Figure 19. The number of available validation units for the three ROIs and the biomes over the
years of the period of interest.

Figure19 shows how the long units are distributed in the threesR@Y biomes. Boreal
forest and Tundra are present only in the SI ROI; very few units are available due to cloud
cover of the area. Deserts and temperate savanna are located only in AF ROI (Sahel); in
this ROI, there is a significant reduced image acdarsénd availability in the archives



i Fire_cci Ref.: Fire_cci_D4.1_PVIR_v3.0
“""‘- I“I'E Product Validation andntercomparison Issue 3.0 Date 20/07/2024
L Report Page 36

in the 20062010 epoch. Indeed, tlnount of Landsat data in the arclsvhangefom

year to year, geographically, or among sensdige to changes imlata reception
capabilities anccritical technical issues ihandsatmissions (such as in the case of
Landsat 7) Kovalskyyand Roy, 2013). Gaps in Landsat 5 image archives covering Africa
for the first decade of 20000s is due to
ground receiving stations, limitednboard recording capacity, and/or missing
transmission of data from local ground stations to the USGS arciMvelsidr et al.,

2016) Figure20). These factors and the failure of Landsat 7 produced a significant gap

in image time series availability for validation.
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Figure 20. Number of images available for the AF ROI Africa -Sahel) over the period of interest
and for the L5, L8 and S2 missions. In the insert, the location of ground receiving stations.

These figures also highligtite increased availability of validation units for the year 2019

for which we used S2 data as source imagery for generating fire referencetgrsrime

The greater frequency of observation of S2, compared to Landsat missions, increases the
likelihood of satisfying criteria for the definition of the time set@generate cloud free

image time series.

3.2.3 Stratification of regional units

As for thevalidation of global productSection3.1.9, stratified random sampling of the
validation units was carried out based on two stdai@mes derived from the globa
Ecoregions 2017 map (Dinerstein et al., 20Hyure 21) andfire activity . High/low

fire activity labels were assigned to each unit by applthegsame method described for
the globalvalidation (Sectior8.1.3 with the only difference of the total burned area
values used bpiome.TotBA for the long units was extracted from the FireCCI51 BA
product and for the pfRIODIS erawe assumed annual burned armiatribution
coincident with the mukannualFireCCI51 average.

In previous Fir€CIl phasesTotBA was the annual total burned area rather than the total
burned area over the long unit time interval; since fires are seasonal phenomena and often
concentrated during short season, the use of afdimtBA generated a largeumberof
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units in the low fireactivity class with small or negligible amount of burned surfaces; the
new conditions on the contrary produce a more balanced split into high/low fire activity.
Table10 shows the threshold value used for each ROI and biome for the stratification in
high or low fire activity.

I Boreal Forests
Deserts & Xeric Shrublands
| Temperate Savanna
[ Tropical Forest
Tropical Savanna
I Tundra

Figure 21. The biome classegovering thethree ROIs (biomes are fromDinerstein et al.(2017).

Table 10. The threshold values for each biome used to split into high and low fire activity

Biome Thvalue AF | Thvalue SA | Th value SI
[km2] [km2] [km2]
BorealForest - - 342
DesertsandShrublands 5.89 - -
Temperat&Savanna 4381 - -
Tropical Forest 13770 2543 -
Tropical Savanna 22653 3721 -
Tundra - - 164

3.2.4 Sampling validation units

A total of 93 validation units (Sahet38, Amazonia&29, Siberia=26) were randomly
sampledfrom the suitable population identifieitcording to criteria listed iSection
3.2.2(CC<10%, CCum<30%, ggmax=16/32 days, Lmin=60 days) An initial set of 25
validation units was later increased to better represent the variability in space and time
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(over the period 199Q019). Reference long unit wedestributed among strata each

ROl based on Edl. Cardinality of the sampled unitsgether with the size of the total
population is reported ihablel1; notice that all years are pooled together, hence random
sampling is applied spatially and temaidy.

Table 11. The number of validation unitsavailable (top row) andrandomly selected(bottom row)

in eachROI (numbers are detailed by biome and by Fire Intensity class)

Biome

AF (Nhigh + Niow)

SA (Nhigh + Niow)

SI (Nhigh + Niow)

BorealForest

144 (29+115)

19 8+11)
102 (8+94) i i
DesertsandShrublands 6 (3+3)
98 (20+78) i )
Temperate&savanna 6 (3+3)
. 11 (3+8) 107 (79+28) )
Tropical Forest 8 (345) 9 (5+4)
Tropical Savanna 595 (99+496) 269 (211+58) )
P 18 (9+9) 20 (10+10)
i i 190 (3+187)
Tundra 7 (245)
Total 806 (130+676) = 376 (86+290) 334 (32+302)
38(18+20) 29 (15+4) 26 (10+16)

Figure22 showsthe distribution of validation units randomly sampled over the years and
ROlsthat, as highlighted by the distribution of available long urkitgure 19), has the
greatest proportion in the year 2019 when S2 data are available. Indeegeater
frequency of observation of S2, compared to Landsat missions, increases the likelihood
of satisfying criteria for the definition of the time seriegyure23, Figure24 andFigure
25show the spatial distribution of the reference long units within the ROIs.

B Amazonia
B Sahel

15 B Siberia
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2003

Figure 22. Distribution of the validation units sampled randomly overthe three ROIsfor each
stratum (biome/fire intensity) and over the years
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Amazonia
N sampled units
[Jo
[ B
2
3
FireCCISFDL tiles

Figure 23. Distribution of the multi -annual validation units in Amazonia ROI, colors represent the
number of long reference units within the validation area

Sahel

N sampled units
o

Figure 24. Distribution of the multi-annual validation units in Sahel ROI, colors represent the
number of long reference units withinthe validation area



Fire_cci Ref.: Fire_cci_D4.1_PVIR_v3.0
Product Validation andntercomparison ~ Issue 3.0  Date 20/07/2024
Report Page 40

Sahel

N sampled units
o
1
) 2
3
FireCCISFDL tiles

Figure 25. Distribution of the multi-annual validation units in Siberia ROI, colors represent the
number of long reference units within the validation area

3.2.5 Generation of the regionalfire reference perimeters

Fire perimeters fothe sampledvalidation units were extracted for short units to map
areas burned betwedhe two datesof consecutive Landsat/S2 imag@$, t2). The
processing steps are the sameéescribed for the global validatipilustrated inFigure

10 andimplemented in GEEThe postfire date (t2) from each short unit is assigned to
each burned detected polygon as burn detectionEiggerel).

The atput of GEE was the short unit classification composed of the following
information layers exported as vector shapefile format:

- Burned areas in vector KML format;

- The alidation region of 100 km x 100 km;
- Cloud Mask in vector format;

- Training polygons as vector shapefiles;

3.2.6 Comparison of fire reference perimeters td=ireCCISFDL BA

The comparison ofeferencefire perimeters withthe FireCCISFDL BA products was
carried out for each ROI and validation unit following the scheme depictadune26.

Key pre-processingsteps of thereference to product comparison are: subset of the
FireCCISFDL BA product over the extent of the validation unit, extraction of the
FireCCISFDL burned pixels for the time period covered by the validation unit (first to
last date), applying the ndsurnablemask (derived from the CG&igh Resolution Land
CoverHRLC product https://climate.esa.int/en/projects/higgsolutionland-cover) to

the referencéFigure27), converting reference vector file to 30 m x 30 m raster, applying
3x3 filtering to reference.

After these steps were applied, pixel by pixel comparison was carried out to estimate
accuracy metrics from the confusion matrix (omission and commission errors, Dice
coefficient, Relative biag)lable4 andTable5).
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Morphological filtering:
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Reference dataset

FireCCISFDL BA product =

Figure 26. Generation of the fire reference perimeters form the classification of the long units.

Value LC type description Burnable
0 No data
10 Tree cover evergreen broadleaf x
20 Tree cover evergreen needleleaf x
30 Tree cover deciduous broadleaf x
40 Tree cover deciduous needleleaf x
50 Shrub cover evergreen X
60 Shrub cover deciduous X
70 Grasslands x
80 Croplands X
90 Woody vegetation aquatic or regularly flooded X
100 Grassland vegetation aquatic or regularly flooded X
110 Lichens and mosses X
[zone extent 50 110
120 Bare arcas iceliases 60 120
130 Built-up -0 70 130
80 140
140 Open water ig fo: "R
141 Open water seasonal - %0 100
142 Open water permanent
150 Permanent snow and/or ice —_— —

Figure 27. The CCI High Resolution Land Cover product (HRLC) for the three ROIls: a) Sahel, b)
Amazonia and c) Siberia. The table shows the classes retained as burnable (all vegetated classes
marked aso6 x @ndl the non-burnable classes that werenasked out when referenceand product

were compared.

Besidegheconfusion matrix and accuracy metrittsgagreement between reference and
the FireCCISFDL product was quantified also usiagreementmaps ( s howi ng
distribution of the agreement and disagreement a@asyegression analysis of the
referenceandproduct proportion oburned area within 5 km x 5 km grid celBoschetti

et al., 2019)Both these analyses were carried ouefoeh validation unit.

spart

3.2.7 Computation of accuracy metrics for regional FireCCISFDL products

Table12shows the overall accuracy metrics estimated from the confusion matrices of the
validation units for the three ROIs; values highlight the significantaigr accuracy for
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the FireCCISFDL BA product over Amazonia widbmmission and omission errors both
below 10% and DC> 90%ver Siberia, on the contrary, we obtained the worst accuracy
with a significant greater omission error (~8986dDC<20%. Severdiactors could be
pointed out teexplainthese results. Firsthis region of interest is little affected by fires,
indeed the proportion of the validation units covered by burned areas according to the
reference dataset is below 0.5% (kmi2); among th€6 sampled units, 11 had no bsirn

in the reference data and seven of these units had no burned areas in the FireCCISFDL
producteither (perfect agreement between reference and product on unburned areas).
Moreover, persistent cloud cover can impetdetection capability as well as bias the
burn detection date in both reference and prqdias inflating error metrics that in the

aim of this validation activity should only depict spatial agreement between reference and
product. In Sahel ROl the metrics btained were in between the SA and Sl ROls:
CE=19.58%, OE=34.82% and DC=72.00%. In all ROIs, omission is greater than
commission and relative bias < 0 showing underestimation of burned area.

Table 12. The accuracy metrics (CE=commision error, OE=omission error, DC=Dice coefficient,
relB=relative bias) estimated for the three ROIs from the comparison of the reference to
FireCIISFDL burned areas. These values are overall values for the entire ROI. N is the number of
validation units sampled and processed for each ROI

ROI CE OE DC relB
Amazonia (N=29) 6.00% | 8.36% | 92.81% -2.51%

Siberia (N=26) 54.29% | 89.21% 17.45%| -76.40%
Sahel (N=33) 19.58% | 34.82% 72.00%| -18.59%

A high variability was, however, observed, in the accuracy metrics for the single
validation units as shown in the examples reportédgare28, Figure29 andFigure30;

in these figures results for three example validation units in eachaRQkported as
agreement maps and accuracy metrics.

pathrow_222070_2019-05-08_2019-10-15 pathrow_228069_2013-05-27_2013-08-31 pathrow 228073 2019-07-29 2019-11-16
A . N ' | 12es . J X o N - a b8, 2
R o L - I Ase s gl
x . Bl e : s » T gt ' & TENEE
v o g e : A . M ! ;' 2 o |2
. 18 y
o :
5 . y g
. {
p 188'S
R T a.
1465 1 Legend
Unbumed Agreement ; 190°
B Burned Agreement
Omission Error
_ | I commission Error ‘g
o Not burnable o ’ P
Cloud Cover A " I iy 18 192'S
4 488 adh
CE OE DC relB CE OE DC relB CE OE DC relB
0.30% 2.88% 98.39% -2.58% 2.00% 56.15% 60.59% -55.26% 0.86% 9.36% 94.70% -8.57%

Figure 28. The agreement maps for three example validation unit in Amazonia ROI together with
the corresponding estimated accuracy metrics from the confusion matrix.
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Figure 29. The agreement maps for three example validation unit in Siberia ROI together with the
corresponding estimated accuracy metrics from the confusion matrix.
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Figure 30. The agreement maps for three examplvalidation unit in Sahel ROI together with the

corresponding estimated accuracy metrics from the confusion matrix.

Figure 31 shows the results for the grid regressanalysis of the proportion of burned
area in 5 km x 5 km cells. The greater agreement for the Amazonia ROI is confirmed with
R2=96.6% and RMSE=2.788. The opposite for Siberia, where all cells have a low
proportion of area burned and several are bel@nlth line confirming underestimation
of the area burned (R2=32.3%, slope=2.365).
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Figure 31. Scatter plots of the proportion of area burned in the reference @axis) and in the
FireCCISFDL product (y axis) for the three ROIs: a) Sahel, b) Amazonia and c) Siberia.
Parameters of the linear regression model are reported in each grapBcatter plotsare produced
with a 10% bin size and the marker colors represent the number of points in each bin (humber of 5
km x 5 km grid cells).

4 Inter -comparison of global BA products

This section presents a comparison between four global burned area products for the
period 20172022. The products compared were FireCCI51, FireCCIS311, MCD64A1
c6, and C3SBA11l. It is clarified that FireCCI51 hadad&dom 2017 to 2021 and
FireCCIS311 has data from 2019 to 202Be characteristics of each of these products
are summarized imable13.

Table 13. Summary of BA products characteristicsconsidered in the intercomparison analysis
carried out at global scale.

Input Data Sensor Spatial resolution | . .
: Time Series
BA product Surface | Active | Coverage ) ) : Reference
. Pixel | Grid analysis
Reflectance Fires
FireCCI51  |MODIS  |MODIS |Global 250m  [0.25 deg|20172021 |LiZundiaLoiola
et al. (2020)
. Sentinel3 Lizundia-Loiola
FireCCIS311 SYN VIIRS |Global 300 m [0.25 deg|20192022 et al. (2022)
Sentinel3 Lizundia-Loiola
C3SBA1ll oLCl MODIS |Global 300 m |0.25 deg|20172022 et al. (2021)
MCD64A1C6 [MODIS  [MODIS|Global 500m |- 20172022 g‘g!g)et al

4.1 Burned area detectionfrom global BA products

Figure32 showsmonthly global BAsince 2017 of théur BA products analyse@nnual

totals are summarised ihable 14. Considering the four global medium resolution
products (250 to 500 m), the average total BAlle14) is highest for FireCCIS311 with

4.7 Mkn?, followed byFireCCI51 (4.0 Mkr), C3SBA11 (3.6 Mkr) and MCD64 c6

(3.5 Mkn?). FireCCIS311 detects 15% more burned area compared to the next highest
product, FireCCI51.
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Figure 32. Annual burned area of different global products
Table 14. Total annual BA for each product (in Mkm?).
Year FireCCI51 | FireCCIS311 | C3SBA1l | MCD64Al C6
2017 4.4 - 3.8 3.8
2018 4.1 - 3.6 3.5
2019 3.9 4.9 3.6 3.4
2020 3.9 4.8 3.6 3.5
2021 3.9 4.8 3.6 3.5
2022 - 4.4 3.3 3.3
Average 4.0 4.7 3.6 3.5

Figure 33 shows the total annu8A estimated by the four produdts the eight major
biomes as expected, the biomesith the largest amount of area bhad areTropical
savanng, followed byTropical forests. While théour productsanalysedshow similar

BA in the biomes that have few fires (i.e., Tundra and Mediterranean), some differences
are observed in the remaining biomés highlighted inTable 14, FireCCIS311 is
confirmed to provide the greatest estimates for all years except in Boreal laoick#ts

2021 in the Tundral he most significant difference is in theopical Foresbiome where
FireCCIS311 detects more burned area (0.53 Rjikhan the average of the other three
products (0.33 Mkr), which present similar values (average calculated for all years
where information is available for each product).
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Figure 33. Total annual burned area for years 20172022 stratified per biome in different global
products.

4.2 Spatial accuracy assessmerior global BA products
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Figure34andTablel5present a comparisaf the accuracy metrics derived theyear
by-year validation ofthe four global burned area products Fird®lC FireCCIS31]1
C3BA11 and MCDG64AZLS6. Validation results for 2017 to 2019 are taken from Franquesa
et al. (2022) and Lizundihoiola et al. (2022). FireCCIS311 has the highest Dice
Coefficient in all years where the product is available. Its highest accuracy was achieved
in 2019 with a DC 068.1%, followed by 2022 with 59.5%. This product also has the
lowest error of omission of the various products, with 41.2% in 2019 followed by 53%
for 2022. FireCCl5lhad a systematic higher Dian C3SBA11 and MCDG64A1l c6,
reaching avalueof 69.2%in 2018, while MCD64A1C6 has the lowest commission error
for the year2017,2019, 2020 and 2021. C3SBAL11 has the lowest commissiorsfor

the year2018. The negative relB value for all BA products indicates thapitbeéucts

underestimatéhe area burnedsaestimatedby the reference dataset
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Figure 34. Accuracy metrics (DC=dice coefficient, Ce=commission error, Oe=omission error,
relB=relative bias) for each calendar yearfor the four global products analysedFireCCI51
(yellow), FireCCIS311(red), C3SBA11(blue) and MCD64A1 C6 (green).

Table 15. Accuracy metrics(DC=dice coefficient, Ce=commission error, Oe=omission error,
relB=relative bias) estimates (%) for the four products with standard error SE. Data for
FireCCI51, C3SBA11 and MCD64A1C6 for the years 2017 to 2019 were extracted from Table 5 of
Franguesa et al. (2022), while data for FireCCIS311 for 2019 were extracted from Table 1 of
Lizundia-Loiola et al. (2022). In bold the product showing the highest accuracy in each specific
metric.

FireCCI51 FireCCIS311 MCD64A1 C6 C3SBAll

Year | Metrics

value SE value SE value SE value SE

DC 66.90 | 2.30 - - 62.20| 2.70 62.30 | 2.60

2017 CE 21.40 | 2.20 - - 21.40| 3.10 19.50 | 2.10
OE 41.80 | 3.10 - - 48.50 | 3.30 49.20 | 3.20

relB -26.00 | 4.10 - - -34.40| 4.10 | -36.90 | 4.00

DC 69.20 | 2.70 - - 65.10 | 3.50 64.80 | 2.90

2018 CE 15.70 | 1.40 - - 16.60| 1.70 13.10 | 1.30
OE 41.30 | 3.40 - - 46.70 | 4.30 48.30 | 3.40

relB -30.40 | 3.30 - - -36.00| 4.60 | -40.50 | 3.50

DC 63.90 | 280 | 68.10 | 2.40 | 59.80 | 3.20 61.70 | 2.90

2019 CE 2080 | 1.70 | 19.20 | 1.60 | 17.50| 1.40 18.60 | 1.70
OE 46.50 | 3.40 | 41.20 | 2.90 | 53.10| 3.60 50.30 | 3.40
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vear | Metrics FireCCI51 FireCCIS311 | MCD64A1 C6 C3SBA1l
value SE value SE value SE value SE
relB -32.50 | 3.40 | -27.10| 2.70 | -43.10| 3.80 | -39.00 | 3.50
DC 4790 | 5.00 | 56.00 | 490 | 45.70| 5.40 | 46.20 | 5.20
2020 CE 21.70 | 1.70 | 19.10 | 1.60 | 17.10| 1.00 19.40 | 1.70
OE 65.50 | 5.20 | 57.20 | 5.60 | 68.50| 5.10 67.60 | 5.20
relB -55.90 | 6.70 | -47.10 | 6.80 | -62.00| 6.10 | -59.80 | 6.50
DC 50.40 | 5.00 | 58.90 | 3.10 | 44.40| 6.20 | 48.10 | 5.30
2021 CE 2190 | 280 | 20.30 | 3.10 | 14.30| 1.00 19.10 | 2.50
OE 62.80 | 490 | 53.20 | 3.40 | 70.00| 5.60 65.80 | 5.00
relB -52.40 | 4.80 | -41.30| 2.40 | -65.00| 6.40 | -57.70 | 5.00
DC - - 59.50 | 3.00 | 52.30| 4.20 56.17 | 3.70
2022 CE - - 18.80 | 2.40 | 25.30| 8.00 17.00 | 2.34
OE - - 53.00 | 3.30 | 59.80 | 4.10 57.55 | 9.94
relB - - -42.10| 3.50 | -46.20| 7.50 | -48.86 | 4.37

Figure35shows a comparison only for the years 2019 to 2021, which is the period where
we have information of the 4 products to compare, highlighting that the FireCCIS311
product has the best accuesin terms of DC, the minimum errors of omission and the
smallest relB, while MCD61A1 c6 has the minimum errors of commission.

—#—FireCCl51 =—#=—FireCCI5311 =—=—MCD64Al1C6 —e=—(35BA11
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Figure 35. Accuracy estimates for each calendar year in the period 2042021 for FireCCI51,
FireCCIS311, C3SBA11 and MCD64A1
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4.3 Global product intercomparison of 2022

For the year 2022, the FireCCIS311 product reaentlyvalidated.Table16 andFigure
36show the results of the metrics of the CCI product and the comparison with MCD64A1
C6and C3SBA11 products that were also validated for this year.

Overall accuracy results show that FireCCIS311 was the most accurate product in terms
of estimated Dice coefficient (DC), omission error (Oe) and relative bias (relB). The DC
was 59.5% for FireCCIS311 and similar between MCD648Xnd C3SBA11, with
valuesof 52.3% and 56.17%, respectively. C3SBA11 had the lowest Ce value of 17%,
followed by FireCCIS311 at 18.8% and MCD64&4 at 25.3%. FireCCIS311 showed

an Oe of 53.0%, C3SBAL11 of 57.5% and the highest Oe was in MCDd&@ith 59.8%.

Oe was higher than Qa all three products, reflecting an underestimation of the area
burned. This relationship is also evident in the negative relB values that ranged from
42.1% for FireCCIS311 te16.86% for C3SBA11.

Table 16. Overall error estimates (%) for FireCCIS311, MCD64A1C6 and C3SBALL1 for the year
2022 with standard error (SE). In bold the product showing the highest accuracy in each specific
metric.

FireCCIS311 | MCD64A1 C6 | C3SBA1ll

value | SE | value | SE | value | SE
DC 59.50 | 3.00 | 52.30 | 4.20 | 56.17 | 3.70
CE 18.80 | 2.40| 25.30 | 8.00 | 17.00 | 2.34
OE 53.00 | 3.30 | 59.80 | 4.10 | 57.55 | 9.94
relB -42.10| 3.50 | -46.20 | 7.50 | -48.86| 4.37

Year | Metrics

2022

FireCCIS311~ FireCCIS311 -

e - G ‘

C3SBA11- C3sBA11 -

FireCCIS311- FireCCIS311-

DC Ce
RS - HEREE _

C3SBA11- C3sSBA11 -

Oe relB

propucT [l Fiecaisstn [l mcpssar [ caseati

Figure 36. Estimated accuracy of each product for the year 2022. 95% confidengaervals are
shown with its respective standard errors as segments (black lines). Each quadrant shows: Dice
coefficient (DC) (top left), Commission error (Oe) (top right), omission error (Oe) (bottom left) and
relative bias (relB) (bottom right).
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Populaton estimates of precision by biome are presentd@@ite 17 and Figure 37 for

the three BA products. Asgure37 shows, FireCCIS311 has the highest DC value of the
three products in biomes such as Deserts and gbrihland(75.6%), Tropical forest
(40.9%), Tropical savanna (67.5%) afdindra (70.5%). In the case of C3SBA11 the
highest accuracies were in Boreal forest with 68.9%, Mediterranean with 41.9% and
Temperate savanna with 62.1%. On the other hand, MCD&&dtesented intermediate
values with respect to the other products in most biomes.

Regarding the commissiarrorvalues, FireCCIS311 presented the lowest values in the
biomes Deserts and xemtrubland(12.9%), Mediterranean (63.9%)ropical savanna
(12.5%) andlfundra (32.2%)In terms of omission errors, MCD64A16 presented the
highest values in most biomes, obtaining the highest value globally in this parameter. The
Temperate foresflropical forest andropical savanna biomes presented similar values

in the three global pragdtts.

In terms of relative biasr€IB), underestimates (negative values) were observed in all
biomes exceptTundra, which showed overestimates in all products, and the
Mediterranean, which showed overestimates for the products FireCCIS311 and
C3SBA11.
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Figure 37. Estimated accuracy (%) of each product by biome for the year 2022. 95% confidence

intervals are shown with its respective standard errors as segments (black lines). Dice coefficient

(DC) (top left), Commission error (Oe)(top right), omission error (Oe) (bottom left) and relative
bias (relB) (bottom right).
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Table 17. Biome accuracy estimates (%) of validation year 2022 for FireCCIS311, MCD64A%6
and C3SBA11. Standard error (x) is shown in SE.

2022
Biome Metrics | FireCCIS311 MCD64A1 C6 C3SBA11

value SE value SE value SE

DC 32.68 | 12.42| 26.69 | 20.99 | 68.86 | 7.04

EN S Ce 3454 | 523 | 82.34 | 17.41 | 3059 | 4.24
Oe 78.22 | 11.40| 4541 | 9.47 | 31.68 | 9.76

relB -66.73 | 19.28| -29.00 | 25.00 | -1.57 | 8.05

DC 7556 | 2.63 | 59.62 | 7.52 | 65.13 | 10.82

De;:rrltf . Ce 1299 | 377 | 28.42 | 18.93 | 1599 | 5.88

shrublands Oe 3322 | 277 | 4892 | 3.82 | 46.83 | 12.93

relB -23.26 | 3.72 | -28.64 | 18.58 | -36.70 | 13.31

DC 40.36 | 16.03| 22.42 | 11.45 | 41.88 | 15.08

Ce 63.98 | 19.72| 69.92 | 30.15 | 64.04 | 16.24

Mediterranean
Oe 54.10 | 14.03| 82.13 5.91 49.88 | 16.49

relB 27.43 | 58.16| -40.59 | 52.41 | 39.35 | 52.32
DC 29.40 | 6.71 | 10.00 5.49 19.07 | 5.27

Temperate Ce 54.63 | 6.84 | 4292 | 3.93 | 58.36 | 7.10
forest Oe 78.25 | 6.53 | 9452 | 3.29 | 87.63 | 4.64
relB -52.06 | 13.09| -90.40 | 5.72 | -70.30 | 13.91

DC 4725 | 990 | 43.78 | 14.48 | 62.14 | 9.32

Temperate Ce 27.38 | 331 | 2438 | 859 | 17.03 | 0.74
bl Oe 64.99 | 11.04| 69.19 | 15.63 | 50.32 | 11.93
relB -51.78 | 15.91| -59.25 | 24.96 | -40.13 | 14.44

DC 4095 | 7.05 | 2525 | 10.46 | 26.21 | 6.10

Tropical Ce 35.00 | 514 | 2315 | 275 | 26.09 | 3.28
forest Oe 70.11 | 7.01 | 84.89 | 7.47 | 84.07 | 4.46
relB -54.01 | 991 | -80.34 | 9.63 | -78.45 | 5.81

DC 67.50 | 2.07 | 63.19 | 2.77 | 64.86 | 2.54

Tropical Ce 1250 | 1.40 | 1422 | 157 | 12.75 | 1.43
Sl Oe 4505 | 252 | 49.98 | 3.44 | 48.39 | 3.01
relB -37.21| 272 | -41.68 | 4.17 | -40.85| 3.24

DC 70.46 | 9.26 | 57.66 | 9.45 | 47.83 | 15.41

Tundra Ce 32.22 | 13.84| 46.29 | 15.88 | 57.18 | 21.57
Oe 26.64 | 587 | 37.77 | 0.75 | 45.85 | 5.18

relB 8.24 | 18.75| 15.86 | 32.96 | 26.47 | 52.13

4.4 Comparison of fire patch sizeslistribution in the years 2019-2022

A comparison of the sample polygon sizes for the years 2019, 2020, 2021 and 2022 was
performed to establish whether the increased omission of the last two years could be
related to the size of the reference BA patcH#sained, as it is well known that small

burn patches are more difficult to detect using coarse resolution sensors (Chuvieco et al.,
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2022) Table 18 and Figure 38 show the number of reference BA patches and their
equivalent in percentage (%), classified in sizes (hectares) for each year.

Table 18. Number of reference BA patches and their equivalent in percentage (%), classified in

sizes (hectares) for 2012022

2019 2020 2021 2022
e T BERet Number of Number of Number of
(ha) umper o % umper o % umper o % umper o %
BA patches BA patches BA patches BA patches
<100 601771 | 97.47 784385 | 98.02 718984 | 97.53 441035 | 97.02
100-250 8950 1.45 9335 1.17 10598 1.44 7745 1.7
250500 3298 0.53 3304 0.41 3876 0.53 2904 0.64
5001000 1669 0.27 1637 0.2 1941 0.26 1468 0.32
>1000 1726 0.28 1596 0.2 1799 0.24 1413 0.31
Total 617414 100 800257 100 737198 100 454565 100
Number of BA patches classified by size
for 2019, 2020, 2021 and 2022
100000 -
% year
ft 2019
2 1000- 2020
EE B 2021
= 0 2022
£
10-

250-500 500-1000 =1000
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Figure 38. Number of reference BA patchesif logarithmic scale) classified by size for 2012022.

In the 2021 dataset, there was a minimal increapercentage diires of less than 100

ha compared to 2019 (only 0.06%), while, relative to 2020, 0.49% fewer surface plots
burned in 2021. In 2022, the number of small fires was significantly reduced (39%
compared to 2021, 44% compared to 2020 and 27% compared to PBEXeduction

in small polygons is related to the decreaseammission errors, coinciding with a
similarity in the 20262022 metrics, showing in 2022 a low@e value than 2021. It is

also observed that although 2022 has a lower number of small psiygon2019, it does

not reach the accuracy of that year. Although the methodology was the same for all years,
the quality of the sensors used might have been higher in 2019 compared to 2022.
Additionally, biomes such as Boreal Forest, Mediterranean amdpdi@te Forest
presented considerable increases in omission values in P& T andTable8), which

affects the overall metrics.
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4.5 Comparison of global fire products to reference

The fire reference product was used for comparison to coarse resolution BA products
FireCCl151(20022019)and MCD64A1 C§20002019)over the validatiorunits ofthe

three ROIs This comparison is considered as validation at stagente it is lacking a
samplingdesign to generate statistically robust accuracy metrics; hence it can provide
only insights on the producegreement

Figure39shows the comparison of omission and commission errors for the three products
FireCCISFDL, FireCCI51 and MCD64A1 C6 computed for the validation units for each
ROI (green Amazonia, blue SahetangeSiberia) compared to omission and commission
errors foreach ROI and product (derived by pooling together all units). Finally, overall
metricswere computed (all units polled together regardless the ROlplattédin the
graphs (red star marker). These graphs confirm the high variability of the accuracy for
the validation unitgor the FireCCISFDL product and, in particular, for the Sahel ROI.
The graphs for the coarse resolution products highlight a greater commission error for
Sahel while the opposite occurs for Amazonia (i.e., omission is lower than caammiss
errorsas highlighted by the blue points below the 1:1 line) that is the expected behaviour
of a coarse resolution product (omission due to undetected small burns).
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Figure 39. Comparison of omission and commission errors ine FireCCISFDL, FireCCI51 and
MCD64A1 C6 BA products for the validation units and overall for the three sites.

Figure40, Figure41 andFigure42 show the scatter plot of the proportion of area burned
in the reference (x axis) and in the progu(y axis) for the 5 km x 5km grid analysis.
Metrics of the regression analysis are summarisdéliie 19.

Africa-Sahel FireCCISFDL vs. Reference Africa-Sahel FIRECCIS1 vs. Reference Africa-Sahel MCD64A1 vs. Reference
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Figure 40. Scatter plots ofthe proportion of area burned in the reference (xaxis) and in the
FireCCISFDL, FireCCI51 and MCD64A1 C6 BA products (y axis) for the AfricaSahel ROI.
Scatter plot are produced with a 10% bin size and the marker colors represent the number of

points in each bin (number of 5 km x 5 km grid cells).
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Figure 41. Scatter plots of the proportion of area burned in the reference ¢axis) and in the
FireCCISFD, FireCCI51 and MCD64A1 C6 BA products (y axis) for theSouth AmericaAmazonia
ROI. Scatter plot are produced with a 10% bin size and the marker colors represent the number of

points in each bin (number of 5 km x 5 km grid cells).

Figure 42. Scatter plots of the proportion of area burned in the referencexfaxis) and in the
FireCCISFD, FireCCI51 and MCD64A1 C6 BA products (y axis) for the RussigSiberia ROI.
Scatter plot are produced with a 10% bin size and the marker colors represent the number of

points in each bin (number of 5 km x 5 km grid cells).

Table 19. R2, RMSE, intercept and slope of the linear regression model between the proportion of
burned area in 5 km x 5km grid cells in the reference (independent variable) and the BA products
(dependent variable).
Amazonia (N=29)| R2 | RMSE
FireCCISFDL 96.6% | 2.788
FireCCI51 73.9% | 9.091
MCD64A1 C6 | 77.8% | 8.441
Siberia (N=26) R2 | RMSE
FireCCISFDL | 32.2% 1.345
FireCCI51 46.2%| 1.36
MCD64A1 C6 | 19.9% | 1.746
Sahel (N=33) R2 RMSE
FireCCISFDL 81.3%| 10.165

FireCCI51 78.9%| 12.968
MCD64A1 C6 | 65.2% | 16.784
















